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Source: Adapted from figure 4 in company submission
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Source: Table 2 in company submission
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Source: Table 1 in company submission
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NICE received 2 submissions from professional groups (NCRI-ACP-RCP, Royal College
of Pathologists and British Society of Haematologists) and 2 clinical expert submissions
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NICE received 2 submissions from patient groups (Bloodwise and Leukaemia Care)
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Source: Table 5 in company submission and page 37 in ERG report
JULIET
At the latest data cut-off date (8th December 2017), 111 patients had received
tisagenlecleucel and the median time from tisagenlecleucel infusion to the data cut-off
date was 13.93 months
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Source: tables 6 & 7 in company submission
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Source: company submission tables 10 and pages 41 to 47 for JULIET (also figure 1 in
clarification response) and pages 51 and 52 for Schuster (2017)
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Source: Figure 7 in company submission
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Source: Figure 14 in company submission
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Source: table 18 in company submission
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Source: figure 8 in company submission
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Source: figure 18, Table 13 and pages 53 to 55 of company submission
The Schuster 2017 had a longer median follow-up (28.6 months), but only contributed 14
observations to the pooled survival data.
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Source: figure 17 in company submission
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Source: Table 16 and pages 59 to 62 in company submission
SCHOLAR-1
Patient level historical control study from 4 sources:
•
MD Anderson Cancer Centre (MDACC) n=191
•
Mayo Clinic and University of Iowa (MC/IA) Specialised Program of Research
Excellence (SPORE) n=107
•
The National Cancer Institute of Canada (NCIC) Cancer Trials Group (CTG)
randomised Phase 3 study LY.12 n=353
•
French Lymphoma Academic Research Organisation (LYSARC) randomised Phase
3 Collaborative Trial in Relapsed Aggressive Lymphoma (CORAL) study n=210
PIX301
PIX301 is a randomised, controlled, open-label phase III study conducted in 66 centres,
including the USA and Europe. Eligible patients were adults with aggressive de novo or
transformed non-Hodgkin's lymphoma that had relapsed after 2 or more chemotherapy
regimens, including at least 1 standard anthracycline-containing regimen with a response
that had lasted at least 24 weeks. Seventy patients were randomised to pixantrone and
70 patients to a physician's choice of single-agent comparators. The full publication of
PIX301 described how 67 patients went on to receive vinorelbine (n=11), oxaliplatin
(n=30), ifosfamide (n=12), etoposide (n=9), mitoxantrone (n=4) or gemcitabine (n=1).
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MAIC
• Applies population adjustment methods using available IPD to adjust for between-trial
imbalances
• MAIC marginally improved OS curve for tisagenlecleucel
• HR before matching 0.39 (95% CI 0.2 to 0.56)
• HR after matching 0.38 (95% CI 0.22 to 0.65)
ERG comments on MAIC
•
MAIC attempts to match JULIET population with Eyre (2016) but ERG do not
consider latter population representative
−
−
−
•

Likely that large proportion in Eyre (2016) would not have been fit for CAR-T
therapy (no subsequent SCT & clinical advice)
Imbalances in important prognostic factors (next slide)
Eyre (2016) not appropriate as comparator

Results of MAIC implausible (suggest better OS with worse prognosis)
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Source: Pages 66 and 67 in company submission
In the company’s review of observational studies 1147 records were identified of which
22 studies were included. One of these studies - which was of pixantrone monotherapy was considered as a potential comparator for the cost-effectiveness analysis (Eyre
2016). However, no reasons were provided about why all the 21 remaining included
studies were not deemed potential comparators.
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Source: Page 48 and 49 of company submission appendices
In CORAL, reasons for categorising as a ‘treatment failure’ included toxicity, failure to
mobilise stem cells, radiotherapy given or investigator decision because of residual
mass.
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Source: Figure 19, table 25 and pages 85 to 87
Decision tree for tisagenlecleucel arm (based on 2017 data cut)
• P1 successfully proceed to tisagenlecleucel infusion is based on proportion of enrolled
patients in JULIET who received infusion (excluding pending infusion)
• P2 do not receive tisagenlecleucel infusion, is based on the proportion of enrolled
patients in JULIET (excluding pending infusion) who had not received a
tisagenlecleucel infusion due to reasons other than death
• P3 death prior to tisagenlecleucel infusion is based on the proportion of enrolled
patients in JULIET (excluding pending infusion) who had not received an infusion due
to death
• For tisagenlecleucel patients who do not receive an infusion (i.e. either due to an
inability to manufacture tisagenlecleucel or adverse events, or death), it was assumed
that all patients would receive leukapheresis but only a proportion of patients would
receive bridging chemotherapy (50%) or lymphodepleting chemotherapy (50%). This
is considered to reflect what may happen in UK clinical practice
The partitioned survival model
• allows modelling of OS and PFS based on study-observed events (facilitates
replication of within-trial data). PFS and OS curves can be constructed from summary
Kaplan-Meier data in the absence of IPD. .
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• The partitioned-survival model structure previously been used NICE
TA306.
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The ERG considers that the use of a 24 month time point in the company’s alternative
approach is potentially too short. Howlader et al (2017), a large study on long-term
outcomes of DLBCL survivors (n=18,047) after rituximab become part of the standard of
care, suggests that patients are at an elevated mortality risk from vascular disease,
infections, and blood diseases for at least 5 years after diagnosis.
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Source: Table 33 and Page 107 in company submission
The cure fraction can be interpreted as a proportion of the population who would only be
subject to background mortality (i.e. natural mortality of general population). This is
reflected in the parameterisation of the mixture cure model, which models the population
as a mixture of two subpopulations: one representing cured patients (the cure fraction),
who are at the same risk of death as the general population, and one representing noncured patients, who are at a risk of death as defined by a parametric survival model.
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Source: Figure 22 in company submission
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Source: Figure 23 in company submission
Robust estimation of mixture cure models require data from studies with long follow-up
times that far exceed the anticipated time point of cure, as well as sufficient numbers of
patient at risk at the end of follow-up in order to robustly estimate a cure fraction.
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This alternative approach assumes that those patients who are still alive after a
particular time point are effectively ‘cured’ and have a similar mortality to the general
population for the remainder of the model horizon. Hence, rather than estimating a cure
faction directly, this approach combines the use of a parametric or spline model for a
fixed period of time followed by a SMR adjusted general population mortality rate. The
ERG concludes that this is a plausible alternative approach to the company base case.
The ERG also notes that the alternative approach provides additional flexibility to
consider alternative time periods which dictate the duration of the model horizon which
are informed by the standard parametric and spline models and the time period informed
by a separate cure assumption derived from external evidence. The ERG highlights that
the main uncertainties surrounding this approach are: (i) the time point at which it is
considered appropriate to switch between the standard parametric/spline models and
SMR adjusted general population mortality (24 months in the company base case) and
(ii) the magnitude of the SMR which is subsequently applied (1.09 in the company base
case).
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Source: Figure 24 in ERG report
Rather than estimating a cure faction directly, this approach combines the use of a
parametric or spline model for a fixed period of time followed by a SMR adjusted general
population mortality rate. The ERG considers that the use of a 24 month time point in the
company’s alternative approach is potentially too short. Howlader et al (2017), a large
study on long-term outcomes of DLBCL survivors (n=18,047) after rituximab become
part of the standard of care, suggests that patients are at an elevated mortality risk from
vascular disease, infections, and blood diseases for at least 5 years after diagnosis. As a
result, the ERG considers that the observed survival data cannot exclude the possibility
of late relapses occurring that may not have been captured in the base case OS
extrapolation and the alternative scenarios considered by the company.

National Institute for Health and Care Excellence Pre-meeting briefing

34

CONFIDENTIAL

Source: Figure 29 in company submission
Since the company did not have access to IPD data from this study, pseudo IPD was
generated from the published KM curves. The same survival inputs were used for both
salvage chemotherapy regimens ([R-]Gem-Ox and [R-]GDP) and pixantrone
monotherapy.
Company’s clinician feedback indicated that the proportion of patients alive predicted by
the base case model, appeared reasonable estimates of survival in r/r DLBCL patients in
the UK receiving treatment in the 3rd and later-line setting. Clinician feedback also
suggested that it would be highly unlikely for patients to be alive at 24 months (company
model 4%) and that no patients would be expected to be alive after 60 months (company
model <1%).
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Company scenario using PIX301
• Relevant population from PIX301: histology confirmed by central review, who had
received prior rituximab and were being treated in the 3 rd or later line setting (n=30 for
pixantrone monotherapy and n=26 for IC).
• Only median OS and PFS reported for subgroup so used pseudo-IPD generated from
the Kaplan-Meier curves for the overall population and extrapolated using generalised
gamma for pixantrone monotherapy and loglogistic and spline with two knots for OS
and PFS, respectively for investigator’s choice of therapy. Survival curve was then
adjusted (assuming proportional hazards) to produce a curve that passed through the
reported median value for subgroup.
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Source: Figure 25 in ERG report
Patients from the CORAL extension study at lower rates of SCT have relatively better
survival compared to SCHOLAR-1. The more favourable survival in the CORAL
extension study is considered by the ERG to be reflective of a population at 3 rd line of
treatment and including patients eligible for SCT.
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Source: Figure 25 in company submission
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Source: Figure 26 in company submission
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Source: Figure 31 in company submission
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Source: Table 34 and pages 107 and 108 in company submission
This AE disutility estimate was sourced from a cost-effectiveness model in patients with
Hodgkin’s disease treated with salvage chemotherapy, but it is not clear how the source
was identified or how the utility estimates in the Guadagnolo et al. (2006) model were
derived.
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Source: Table 35 in company submission
Based on individual patients' health states at the time of SF-36 evaluation in the JULIET
trial, observed SF-36 values were classified into the following categories corresponding
to the health states in the model:
• SF-36 measures for relapsed state before treatment: any SF-36 assessments
before the treatment start date, where patients were in relapsed/refractory state from
prior treatments.
• SF-36 measures for PFS: any SF-36 assessments when patients are in the PFS
state, i.e. on or after the treatment start date and before the date of the first
documented progression or death due to any cause. PFS definition is consistent with
the PFS definition used in the JULIET trial protocol.
• SF-36 measures for Post-PFS: any SF-36 assessment on or after the PFS event or
the censoring date.
EQ-5D utility scores based on UK preference-weights were calculated based on
individual dimension scores of SF-36 based on the mapping algorithm reported in Rowen
et al. (2009). This analysis did not impute values for missing evaluations. The utility
values associated with each health state were estimated using a generalised estimating
equation (GEE) model with a robust variance estimator to account for correlation within
patients' repeated assessments
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Source: Tables 38 to 42 in company submission and table 17 in ERG report
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Source: Table 53 in company submission
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Source: Table 40 in ERG report and ERG addendum
The ERG notes that the ICER for tisagenlecleucel compared to salvage chemotherapy
for the scenario assuming 15% SCT is higher than that of the company’s scenario where
SCHOLAR-1 data is applied to model the survival on salvage chemotherapy, despite the
rate of SCT in SCHOLAR-1 being much higher (29.9%).
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Source: Tables 46 and 47 in ERG report, table 37 to 54 in ERG addendum
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Source: Tables 46 and 47 in ERG report
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Instructions for companies
This is the template for submission of evidence to the National Institute for Health
and Care Excellence (NICE) as part of the single technology appraisal (STA)
process. Please note that the information requirements for submissions are
summarised in this template; full details of the requirements for pharmaceuticals and
devices are in the user guide.
This submission must not be longer than 150 pages, excluding appendices and the
pages covered by this template. If it is too long it will not be accepted.
Companies making evidence submissions to NICE should also refer to the NICE
guide to the methods of technology appraisal and the NICE guide to the processes
of technology appraisal.
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List of abbreviations
Acronym

Definition

ABC

Activated B-cell

AE

Adverse event

AESI

Adverse event of special interest

AIC

Akaike information criterion

ALL

Acute lymphoblastic leukaemia

ASH

American Society of Hematology

BCNU

Bis-chloroethylnitrosourea/Carmustine

BEAM

Carmustine, etoposide, cytarabine, melphalan

BIC

Bayesian information criteria

BNF

British National Formulary

BOR

Best overall response

BSA

Body surface area

BSC

Best supportive care

BSH

British Society for Haematology

CAR

Chimeric antigen receptor

CCP

Current clinical practice

CfB

Change from baseline

CHMP

Committee for Medicinal Products for Human Use

CHOP

Cyclophosphamide, doxorubicin, vincristine and prednisolone

CI

Confidence interval

CLL

Chronic lymphocytic leukaemia

CNS

Central nervous system

CR

Complete response

CRF

Case report form

CRS

Cytokine release syndrome

CTCAE

Common Terminology Criteria for Adverse Events

DHAP

Cisplatin, cytarabine, dexamethasone

DLBCL

Diffuse large B-cell lymphoma

DOR

Duration of response

DSA

Deterministic sensitivity analysis

DSU

Decision Support Unit

EAS

Efficacy analysis set

ECOG

European Cooperative Oncology Group

EFS

Event-free survival

EHA

European Hematology Association

EMA

European Medicines Agency

EPOCH

Doxorubicin, etoposide

EQ-5D

EuroQoL 5-Dimensions

ERG

Evidence Review Group
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ESACH

Etoposide, solumedrol, high-dose ara-C and carboplatin

ESMO

European Society for Medical Oncology

EU

European

FACT-Lym

Functional Assessment of Cancer Therapy-Lymphoma

FAS

Full Analysis Set

FDA

Food and Drug Administration

GC

Germinal centre

GCB

Germinal centre B-cell

GDP

Gemcitabine, dexamethasone, cisplatin

Gem-Ox

Gemcitabine and oxaliplatin

GEE

Generalised estimating equation

GvHD

Graft-versus-host disease

HBV

Hepatitis virus B

HCV

Hepatitis virus C

HDC

High-dose chemotherapy

HERC

Health Economics Research Centre

HIV

Human immunodeficiency virus

HMRN

Haematological Malignancy Research Network

HODaR

Health Outcomes Data Repository

HRQoL

Health-related quality of life

HSCT

Haematopoietic stem cell transplantation

IC

Investigator’s choice

ICE

Ifosfamide, carboplatin, etoposide

ICER

Incremental cost-effectiveness ratio

IA/MC

University of Iowa/Mayo Clinic Lymphoma Specialized Program of
Research Excellence

ICU

Intensive care unit

IHC

Immunohistochemistry

IPD

Individual patient-level data

IPI

International Prognostic Index

IRC

Independent review committee

IVE

Ifosfamide, epirubicin, etoposide

IVIG

Intravenous immunoglobulin

LDH

Lactose dehydrogenase

LOS

Length of stay

LYG

Life years gained

LYSARC

Lymphoma Academic Research Organization

MCID

Minimally clinically important difference

MCS

Mental component score

MDACC

MD Anderson Cancer Center

MedDRA

Medical Dictionary for Regulatory Activities

MHC

Major histocompatibility complex
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eMIT

Electronic Marketing Information Tool

NE

Not estimable

NHL

Non-Hodgkin’s lymphoma

NHS

National Health Service

NICE

National Institute for Health and Care Excellence

NR

Not reported

ORR

Overall response rate

OS

Overall survival

PAS

Patient Access Scheme

PBSC

Peripheral blood stem cell

PCS

Physical component score

PD

Progressed disease

PET

Positron emission tomography

PF

Progression free

PFS

Progression-free survival

PMBCL

Primary mediastinal B-cell lymphoma

PR

Partial response

PRO

Patient-reported outcome

PSA

Probabilistic sensitivity analysis

PSS

Personal Social Services

PSSRU

Personal Social Services Research Unit

QALY

Quality-adjusted life years

r/r

Relapsed or refractory

R-

Rituximab-

RCT

Randomised controlled trial

SAE

Serious adverse event

SCT

Stem cell transplantation

SD

Standard deviation or stable disease

SE

Standard error

SF-36

Short Form Health Survey

SLR

Systematic literature review

SmPC

Summary of Product Characteristics

SMR

Standardised mortality rate

STA

Single technology appraisal

TCR

T-cell receptor

TOI

Trial Outcome Index

TSD

Technical Support Document

TTR

Time to response

UK

United Kingdom

USA

United States of Ameria

WTP

Willingness-to-pay

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 10 of 162

B.1 Decision problem, description of the technology and
clinical care pathway
Decision problem
This submission covers the full marketing authorisation for tisagenlecleucel for the treatment of
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
The decision problem addressed within this submission is consistent with the NICE final scope
for this appraisal with respect to the population, intervention, outcomes and comparators (with
the exception of axicabtagene ciloleucel and Best Supportive Care [BSC]). The differences
between the decision problem addressed within this submission and the NICE final scope are
outlined in Table 1.
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Table 1: The decision problem
Final scope issued by
NICE
Population

Adults with relapsed or
refractory diffuse large Bcell lymphoma



Comparator(s)




Established clinical
management without
tisagenlecleucel
including but not limited
to:
o Pixantrone
monotherapy
o Salvage
chemotherapy
with or without
rituximab
(DHAP, GDP,
ICE, IVE)
Axicabtagene ciloleucel
(subject to ongoing
NICE appraisal)
Best supportive care
(including radiotherapy)

Decision problem addressed in the
company submission
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx




Pixantrone monotherapy
Salvage chemotherapy with or
without rituximab, including Gem-Ox
and GDP

Rationale if different from the final NICE scope
The population considered as part of the decision
problem is consistent with the anticipated licensed
indication for tisagenlecleucel as a treatment for
DLBCL and the final scope
According to clinician feedback, treatment in the thirdand later-line setting is largely palliative in nature.1, 2
There is no clear consensus on chemotherapy
regimens used in the later settings with treatment
provided primarily with palliative intent; clinician
feedback supports the use of salvage chemotherapy
regimens, such as Gem-Ox or GDP.2 Gem-Ox and
GDP, with or without rituximab, were considered to be
the most relevant regimens for the salvage
chemotherapy comparator as opposed to the more
intensive and costly chemotherapy regimens listed in
the final scope, such as ICE, IVE and DHAP. Based on
clinician feedback, at least half of patients treated with
salvage chemotherapy in the third- and later-line
setting are expected to receive rituximab.1, 3 A separate
comparison versus ‘best supportive care’ has not been
included given that salvage chemotherapy and
pixantrone monotherapy are generally used with
palliative intent in the third- and later-line setting (i.e.
are used as palliative/supportive care).
At the time of this submission, no guidance had been
published from the ongoing NICE appraisal of
axicabtagene ciloleucel [ID1115]. No comparison
versus axicabtagene ciloleucel has been conducted as
part of this submission as it is not standard of care and
will not be displaced in practice.

Abbreviations: DHAP: cisplatin, cytarabine, dexamethasone; DLBCL: diffuse large B-cell lymphoma; GDP: gemcitabine, dexamethasone, cisplatin; Gem-Ox: gemcitabine,
oxaliplatin; ICE: ifosfamide, carboplatin, etoposide; IVE: ifosfamide, epirubicin, etoposide; NICE: National Institute for Health and Care Excellence; r/r: relapsed/refractory
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Description of the technology being appraised
A summary of the mechanism of action, marketing authorisation status, costs and administration
requirements associated with the technology, tisagenlecleucel, for the treatment of
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx is presented
in Table 2.
Table 2: Technology being appraised
UK approved
name and
brand name

Tisagenlecleucel (KymriahTM)
Tisagenlecleucel is a genetically modified chimeric antigen receptor (CAR)-based
autologous immunocellular therapy administered as a single intravenous (iv)
infusion for the treatment of r/r DLBCL that utilises similar mechanisms to that of
cytotoxic T-cells to kill malignant cells and thereafter maintain ongoing antitumour surveillance.
A patient’s own T-cells are genetically engineered to express a CAR construct,
which contains an external target-binding domain responsible for recognising
cancerous cells, and an internal activating domain which initiates T-cell activation
(see Figure 1), allowing the induction of malignant cell death. As a secondgeneration CAR, tisagenlecleucel not only comprises the T-cell CD3ζ signalling
domain, but has a co-stimulatory domain (4-1BB), in order to increase T-cell
activation, anti-cancer activity and CAR-T cell persistence.4

Figure 1: Domains of the chimeric antigen receptor construct of
tisagenlecleucel

Mechanism of
action

Abbreviations: MHC: major histocompatibility complex; TCR: T-cell receptor.
Source: Novartis Pharmaceuticals UK Ltd.

The underlying mechanism of action of tisagenlecleucel involves preferentially
targeting the CD19 antigen, a glycoprotein with near-universal expression on B
cell precursors and B-cells.5 Expression of CD19 is largely restricted to B lineage
cells and is expressed in the majority of B-cell malignancies, including B-cell
lymphomas;6, 7 therefore, CD19 represents an attractive immunotherapy target in
DLBCL as it is present on malignant B cells but is not found on bone marrow
stem cells or other healthy tissues. Tisagenlecleucel is therefore able to target
malignant cells whilst sparing non-cancerous cells from cytotoxicity, consequently
limiting systemic effects.8
Once tisagenlecleucel binds to CD19-positive malignant B-cells, the CAR-T cell
becomes activated and the cytotoxic potential of these cells is realised (see
Figure 2).4 Death of malignant B-cells is primarily induced through CAR-mediated
cytolysis (where target cells are killed due to destruction of the cell membrane),
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and the release of cytokines from the CAR-T cell.9 Ligation of the CAR-T receptor
also leads to CAR-T cell proliferation.9

Figure 2: Cytotoxic mechanism of CAR-T therapy

Abbreviations: CAR: chimeric antigen receptor.
Source: Novartis Pharmaceuticals UK Ltd.

The mechanism of action of tisagenlecleucel is novel. CAR T cells have so far
been detected in the peripheral blood of patients up to 784 days post infusion.10
By using the patients’ own T-cells and their capacity for memory and surveillance,
tisagenlecleucel acts as a ‘living drug’ that can provide an enduring response
potentially over the course of a lifetime. As a patient-specific, single-dose,
immunocellular gene-transfer therapy produced using pioneering technology,
tisagenlecleucel represents a paradigm-shift in the treatment approach for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
x and offers the potential for a cure with just a single infusion.
Marketing
authorisation/
CE mark
status

Indications
and any
restriction(s)
as described
in the
summary of
product
characteristic
s (SmPC)

Tisagenlecleucel does not yet hold an EU marketing authorisation for the
treatment of
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
x. A marketing authorisation application for tisagenlecleucel in this indication was
submitted to the European Medicines Agency (EMA) on 6th November 2017 and a
positive opinion from the Committee for Medicinal Products for Human Use
(CHMP) is expected in xxxxxxxx.
The anticipated EU marketing authorisation wording for tisagenlecleucel in the
indication of interest for this submission is:
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxx
Patients with hypersensitivity to the active substance or any of the excipients
listed in Section 6.1 of the SmPC are contraindicated.10 Furthermore, infusion of
tisagenlecleucel should be withheld until resolution of any of the following
conditions:





Unresolved serious adverse reactions (especially pulmonary reactions,
cardiac reactions or hypotension) from preceding chemotherapies
Active uncontrolled infection
Active chronic graft-versus-host disease (GvHD)
Significant clinical worsening of leukaemia burden or lymphoma following
lymphodepleting chemotherapy

Full details are provided in the draft SmPC in Appendix A.10
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Method of administration:
In contrast to typical small molecule or biologic products, each dose of
tisagenlecleucel is specifically tailored to, and manufactured for, each patient
using the patient’s own blood cells, representing an entirely novel and
personalised approach to the manufacturing, logistics and administration of
treatment. The multistep supply chain is summarised below (and in Figure 3):4






Method of
administratio
n and dosage



Step 1: The patient is admitted to hospital and their mononuclear cells are
obtained by a process known as leukapheresis.
Step 2: The patient’s cells are then cryopreserved in the vapour phase of
liquid nitrogen and shipped to a manufacturing facility in the US using a
dedicated courier service.
Step 3: At the manufacturing facility, the mononuclear cells are thawed and
enriched for T-cells. The T-cells are activated with antibody-coated beads and
genetically transduced using a lentiviral vector (inactive virus) containing the
anti-CD19 CAR transgene.
Step 4: The CAR-T-cells then undergo ex vivo expansion on antibody-coated
beads.
Step 5: The CAR-T-cells undergo formulation and a strict quality assessment
before being released, cryopreserved and shipped. As an autologous
(patient-specific) product entering the EU, each individual therapy then
requires a separate certification and batch release appropriate to the
European regulations governing genetically modified advanced therapy
medicinal products. Following certification, the product is sent back to the
hospital where it can be stored in liquid nitrogen for up to 9 months until the
treating centre/staff are ready to administer, and the patient ready to receive
treatment.
Step 6: The patient can receive bridging chemotherapy between
leukapheresis and infusion at the discretion of the treating physician. Prior to
tisagenlecleucel infusion the patient receives a preparative low dose
lymphodepleting regimen. The CAR-T-cells are then thawed and reinfused
into the patient as a one-time single-dose of tisagenlecleucel.

According to the SmPC, tisagenlecleucel infusions should be administered by a
healthcare provider experienced with immunosuppressed patients and trained for
administration of tisagenlecleucel and management of patients treated with
tisagenlecleucel. Tocilizumab and emergency equipment must be available prior
to infusion of tisagenlecleucel and during the recovery period.
Full details on the method of administration are provided in the draft SmPC in
Appendix A.
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Figure 3: Summary of the manufacturing and administration process for
tisagenlecleucel

Source: Novartis Pharmaceuticals UK Ltd.

Lymphodepleting chemotherapy:
In the draft SmPC, it is recommended that lymphodepleting chemotherapy be
administered prior to tisagenlecleucel infusion unless the white blood cell count
within one week prior to tisagenlecleucel infusion is ≤1000 cells/μL.



Fludarabine (25 mg/m2 iv daily for 3 days) and cyclophosphamide (250 mg/m2
iv daily for 3 days starting with the first dose of fludarabine).
Bendamustine (90 mg/m2 iv daily for 2 days) if the patient has experienced a
previous grade 4 haemorrhagic cystitis with cyclophosphamide, or
demonstrated a chemo-refractory state to a cyclophosphamide containing
regimen administered shortly before lymphodepleting chemotherapy.10

Tisagenlecleucel infusion:
Treatment with tisagenlecleucel comprises a single-dose iv infusion of
tisagenlecleucel at the following dosage: 0.6 to 6.0×108 CAR-positive viable Tcells.
Tisagenlecleucel infusion is recommended 2 to 14 days after completion of the
lymphodepleting chemotherapy. If there is a delay of more than 4 weeks between
completing lymphodepleting chemotherapy and the tisagenlecleucel infusion and
the white blood cell count is >1000 cells/μL, then the patient should be re-treated
with lymphodepleting chemotherapy prior to receiving tisagenlecleucel.
To minimise potential acute infusion reactions, it is recommended that patients be
pre-medicated with paracetamol and diphenhydramine or another H1
antihistamine within approximately 30 to 60 minutes prior to tisagenlecleucel
infusion. Corticosteroids should not be used at any time except in the case of a
life-threatening emergency (3rd line management of cytokine release syndrome
[CRS]).10
A summary of the tisagenlecleucel infusion process is presented in Figure 4
below.
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Figure 4: Tisagenlecleucel infusion process

Abbreviations: CAR-T: chimeric antigen receptor T-cell.
Source: Novartis Pharmaceuticals UK Ltd.

Additional
tests or
investigation
s

Prior to infusion of tisagenlecleucel, the HBV, HCV and HIV status of the patient
should be known.

List price and
average cost
of a course of
treatment

Tisagenlecleucel is associated with a list price of £282,000.00.

Patient
access
scheme (if
applicable)

A confidential Patient Access Scheme (PAS) discount of xx% off the
tisagenlecleucel list price is currently under discussion with NHS England.
Results within this submission are presented with both tisagenlecleucel at list
price and PAS price.

Abbreviations: CAR: chimeric antigen receptor; CD19: cluster of differentiation 19; CHMP: Committee for
Medicinal Products for Human Use; CRS: cytokine release syndrome; DLBCL: diffuse large B-cell lymphoma; EMA:
European Medicines Agency; GvHD: graft-versus-host disease; HBV: hepatitis virus B; HBC: hepatitis virus C; HIV:
human immunodeficiency virus; iv: intravenous; MHC: major histocompatibility complex; r/r: relapsed/refractory;
SCT: stem cell transplantation; TCR: T-cell receptor.
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Health condition and position of the technology in the
treatment pathway
Summary of the health condition




DLBCL is a common and aggressive form of non-Hodgkin’s lymphoma, primarily affecting older
people (median age at diagnosis is approximately 70 years of age)11
Approximately one-third of patients will develop relapsed or refractory (r/r) disease following
first-line therapy at diagnosis of DLBCL12, 13
Relapsed or refractory DLBCL is difficult to treat and patients with r/r DLBCL after two lines of
systemic therapy have a particularly poor prognosis
o Median overall survival of 3.4 months (95% CI: 2.7, 4.5) was reported from a recent UK
real-world observational study of patients with multiply relapsed or refractory DLBCL
treated with pixantrone14

Summary of the treatment pathway and the position of tisagenlecleucel











First-line therapy at diagnosis of DLBCL typically consists of R-CHOP or CHOP-like
chemotherapy, which may be followed by consolidation with radiotherapy2, 12, 15
Treatment choice for patients who are relapsed or refractory to first-line chemotherapy is
guided by consideration of a patient’s ability (i.e. age and fitness) to tolerate high-dose therapy
and transplantation. For patients who are fit enough, intensive salvage chemotherapy followed
by conditioning with high-dose chemotherapy and autologous stem cell transplantation (SCT)
represents standard of care for these patients2, 12, 15, 16
In the third- and later-line setting, there is no consensus as to which chemotherapy regimen
should be used and treatment is mainly palliative in nature. Few patients who have received
two or more prior lines of systemic therapy are expected to achieve a sufficient clinical
response to support receipt of a SCT following chemotherapy (up to 5% according to UK
clinician feedback).1, 2 Similarly, whilst allogeneic SCT may be considered for patients who
have relapsed after autologous SCT or for whom stem cell harvesting was not possible, it is
rarely performed for the same reasons.2, 12, 16 Instead, most patients face only palliative
treatment options, and entry into a clinical trial with a novel agent is therefore preferred,
highlighting the unmet need for effective therapies for this patient population.12, 15, 17
In the absence of clinical trials, palliative treatment for patients in the third- and later-line setting
typically consists of a second salvage chemotherapy (third-line chemotherapy) regimen.17
Clinician feedback supports the use of Gem-Ox and GDP, with or without rituximab, as salvage
chemotherapy regimens that may be used for the treatment of patients at later lines of therapy,
with at least half of patients treated with salvage chemotherapy in the third- and later-line
setting expected to receive rituximab.1-3, 12
Pixantrone monotherapy, which is recommended by NICE as a third- or fourth-line treatment
for patients with r/r aggressive B-cell NHL who have received prior rituximab, may also be
used.17, 18 Despite the NICE recommendation, pixantrone use is believed to be less than 10% in
clinical practice, possibly due to the belief amongst clinicians that pixantrone monotherapy has
efficacy that is no better than salvage chemotherapy. UK clinician feedback is that use of
pixantrone monotherapy for this patient population is similarly palliative in nature, rather than
with curative intent.1, 2
Tisagenlecleucel is being positioned according to the anticipated licensed indication as a
treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Salvage
chemotherapy (Gem-Ox and GDP, with or without rituximab) or pixantrone monotherapy are
therefore considered to be the most relevant comparators for this appraisal.
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Disease overview
Diffuse large B-cell lymphoma (DLBCL) is the most common form of aggressive non-Hodgkin’s
lymphoma (NHL).15 NHL is a cancer of the lymphatic system that is characterised by the
transformation and abnormal proliferation of lymphocytes.19 NHL is the 6th most common cancer,
constituting 4% of total cancers in the UK.20 There are more than 60 different types of NHL,
which are classified depending on a variety of factors, including the type of lymphocyte affected
(T/B cells), grade (high/low), histology, immunohistochemistry and cytogenetics.21 DLBCL is a
high-grade (i.e. aggressive, fast-dividing) B-cell form of NHL, and accounts for approximately 30–
40% of all NHL cases.15 As an aggressive form of NHL, DLBCL has a higher rate of progression
and a poorer prognosis than indolent (low-grade) subtypes.22
DLBCL develops from abnormal, large B-cells, which, in the majority of cases (60%), originate in
the lymph nodes, but can arise in extranodal sites such as the gastrointestinal tract, skin, central
nervous system, bone marrow, salivary gland, lung, kidney, and liver.23 These abnormal, large Bcells spread diffusely throughout the tumour and wipe out the normal structure of the lymph
node.24
The incidence for DLBCL in the UK is estimated to be 7.7/100,000 (excluding patients with Tcell/histiocyte-rich large B-cell lymphoma and plasmablastic large B-cell lymphoma) by the
Haematological Malignancy Research Network (HMRN).25 There were around 12,018 new cases
of NHL in England in 2016 with diffuse NHL representing 6,400 of these cases.26 DLBCL occurs
primarily in older individuals, with a median age of diagnosis at approximately 70 years of age,
and the incidence is higher for males than females.11
Symptoms and health-related quality-of-life impact of DLBCL
The first sign of DLBCL is a painless, rapid swelling in the neck, underarms, or groin that is
caused by enlarged lymph nodes.27 Patients may also experience fever, night sweats, and
unexplained weight loss (collectively known as “B symptoms”), and fatigue, appetite loss, and
severe itching are common.28 A range of other symptoms are displayed by patients depending
on the organs and tissues affected by the disease. For example, patients with DLBCL in the
stomach or bowel may experience abdominal discomfort or pain, diarrhoea, or bleeding, while
those with DLBCL in the chest may experience coughing or breathlessness.28Given the range of
possible symptoms and the associated burden of these symptoms, DLBCL can have a
substantial, detrimental effect on patient health-related quality of life (HRQoL) with health status
and functioning having been shown to be significantly reduced compared with the normative
population.29-32There are limited studies of symptom burden or HRQoL in patients with r/r
DLBCL, but it is expected that patients with r/r DLBCL would have similar or worse quality of life
than those at diagnosis or receiving first-line treatment.
DLBCL is also associated with common comorbidities, especially in older patients. For example,
in a study of aggressive NHL patients in the Eindhoven Cancer Registry, 79% of patients aged
over 60 years had comorbid conditions, as compared to 48% of patients aged 60 or younger.33
The presence of comorbidities may prevent an individual patient from receiving high-dose
chemotherapy and autologous stem cell transplantation (SCT), and a high burden of
comorbidities has been shown to be associated with poorer outcomes for DLBCL patients.34
DLBCL classification and prognosis
The Lugano-modified Ann Arbor system (Limited: Stages I and II; Limited or Advanced: Stage
IIb; Advanced: Stages III and IV) is used to classify the stage and spread of DLBCL based on the
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number and location of nodes involved, as well as extranodal involvement, and is used to
determine treatment for newly-diagnosed patients (see Section B.1.3.2).12, 35
The International Prognostic Index (IPI) and age-adjusted IPI include other prognostic factors for
DLBCL, such as serum lactose dehydrogenase (LDH) levels and performance status, as well as
stage.12 The risk categories for DLBCL patients according to the IPI and aaIPI are shown in
Table 3.
Table 3: The International Prognostic Index and age-adjusted IPI
International Prognostic Index (IPI)
Risk factors

Age >60 years
Serum LDH > normal
Stage III–IV
Performance status 2–4
Extranodal sites >1

Risk Categories

Low
Low intermediate
High intermediate
High

0–1
2
3
4–5

Age-adjusted international prognostic index (aaIPI) in patients ≤60 years
Risk factors

Serum LDH > normal
Stage III–IV
Performance status 2–4

Risk Categories

Low
Low intermediate
High intermediate
High

0
1
2
3

Abbreviations: aaIPI: age-adjusted International Prognostic Index; CI: confidence intervals; IPI: International
Prognostic Index; LDH: lactate dehydrogenase.
Source: as presented in Tilly et al. (2015)12

The Lugano Classification criteria is also typically used to assess patient response (i.e. complete
or partial response [CR/PR], stable disease [SD] or progressive disease) after diagnosis of
DLBCL and initiation of treatment.12, 35 Patients who fail to achieve a response during first-line
treatment are defined as having primary refractory disease. Patients who achieve complete
remission are typically followed up with regular clinical assessments for three years after
completing first-line treatment, with the aim of detecting relapse (i.e. reappearance of lesions).16
Despite improvements in outcomes with first-line treatments, approximately one-third of patients
will develop relapsed or refractory disease (see Section B.1.3.2).12, 13
Relapsed or refractory DLBCL is difficult to treat and patients with r/r DLBCL after two lines of
systemic therapy have a particularly poor prognosis. For example, in the observational study by
Eyre et al. (2016) of r/r DLBCL patients in the UK treated with pixantrone (N=90) since the NICE
recommendation in TA306 (2014), median overall (OS) was reported to be 3.4 months (95%
confidence intervals [CI]: 2.7, 4.5).14 The prognosis is typically worse for those who relapse after
receiving prior rituximab compared to those who have not yet received rituximab.36 As outlined
below and noted by clinical experts in TA306, it is expected patients in England would receive
rituximab as part of either first- or second-line therapy.18 The use of prior rituximab was also
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specified as an inclusion criteria for the primary trial of tisagenlecleucel in this indication (see
Section B.2.3).

Clinical pathway of care
Treatment guidelines for adult patients with DLBCL are available from a variety of sources,
including NICE (as part of clinical guidelines for NHL [NG52]), the British Society for
Haematology (BSH), and the European Society for Medical Oncology (ESMO), .12, 15, 16 Feedback
from thirteen clinicians consulted at a UK advisory board meeting suggests that treatment in
clinical practice generally follows the guidance provided in the BSH treatment guidelines.15, 17
Currently, pixantrone monotherapy is the only therapy that has been appraised by NICE for r/r
DLBCL and was recommended as a third or fourth-line treatment for those patients who have
been previously treated with rituximab (TA306).18
The proposed treatment pathway and positioning of tisagenlecleucel for patients with DLBCL,
based on the available treatment guidelines and the feedback obtained from UK clinicians, is
outlined in Figure 5. In summary, the following patients may be eligible to receive
tisagenlecleucel:


Patients who achieve a complete or partial remission with salvage chemotherapy in the
second-line setting and receive an autologous SCT but relapse after transplantation



Patients who either achieve a complete or partial remission with salvage chemotherapy in the
second-line setting but do not receive an autologous SCT due to concerns over fitness or
patients who do not receive an autologous SCT due to a failure to achieve remission with
salvage chemotherapy in the second-line setting



Patients who are ineligible for transplant and relapse or are refractory to salvage chemotherapy
in the second-line setting

Figure 5: Proposed DLBCL treatment pathway and positioning of tisagenlecleucel
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According to ESMO, BSH and NICE (NG52 guidance), patients who relapse after autologous SCT may be
considered for allogeneic SCT following a second salvage chemotherapy (third-line chemotherapy).12, 15, 16
Allogeneic SCT may also be considered for those patients for whom stem cell harvesting is not possible, however,
the mobilisation of stem cells is possible for the majority of patients being considered for autologous SCT.2, 16 For
the majority of patients, third- or later-line treatment with salvage chemotherapy is given with palliative intent with
few patients expected to receive subsequent SCT (approximately 5% according to one clinician in the UK).1, 2
Abbreviations: BSH: British Society for Haematology; CHOP: cyclophosphamide, doxorubicin, vincristine and
prednisolone; CR: complete remission; ESMO: European Society for Medical Oncology; NICE: National Institute
for Health and Care Excellence; PR: partial remission; r/r: relapsed/refractory; R-CHOP: rituximab with
cyclophosphamide, doxorubicin, vincristine and prednisolone; SCT: stem cell transplantation.

First-line treatment
First-line therapy typically consists of a number of cycles of R-CHOP chemotherapy (a
combination of rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone), often
followed by consolidation with radiotherapy.12, 15 The exact treatment regimen (i.e. the number of
R-CHOP cycles and whether radiotherapy is used) depends on the disease stage (classified
using the Lugano-modified Ann Arbor system), and whether the lymphoma is bulky or nonbulky.12, 15
Among patients who receive treatment with first-line R-CHOP, approximately two-thirds of
patients are alive and without disease (i.e. relapse free) at two years.37 An OS of 84% at three
years in patients 18 to 59 years of age and 70% at two years in patients 60 to 80 years of age
has been reported from studies of patients treated with first-line R-CHOP.38, 39 Patients who
remain relapse free after two years are generally considered to have similar survival prospects to
persons of similar age in the general population.2, 40 However, despite improvements in survival
following the introduction of rituximab as a first-line therapy, approximately one-third of patients
will develop relapsed or refractory disease.12, 13, 37
Relapsed or refractory disease
Treatment choice for patients who are relapsed or refractory to first-line chemotherapy is guided
by consideration of a patient’s ability (i.e. age and fitness) to tolerate high-dose therapy and
transplantation.
Patients with r/r DLBCL after first-line therapy who are fit enough to receive high-dose therapy
are typically treated with intensive salvage chemotherapy followed by consolidation with highdose therapy (e.g. BCNU, etoposide, cytarabine and melphalan [BEAM]).12, 15, 16 Based on
feedback from a UK advisory board meeting with thirteen UK clinicians, there are a variety of
salvage chemotherapy regimens that are used in clinical practice for patients with r/r DLBCL in
combination with rituximab.17 Commonly used regimens, such as cisplatin, cytarabine,
dexamethasone (DHAP); ifosfamide, carboplatin, etoposide (ICE); ifosfamide, epirubicin and
etoposide (IVE); and cisplatin, gemcitabine, dexamethasone (GDP), have shown similar
outcomes in clinical trials.17, 41, 42 Of these, GDP is noted by the ESMO and NICE as being as
effective as other commonly used salvage regimens and less toxic, and was the preferred
salvage chemotherapy regimen by the highest number of clinicians amongst those who attended
the UK advisory board.12, 16, 17 Those that achieve a complete or partial remission with this
salvage chemotherapy would proceed to autologous SCT, if deemed eligible. However, some
patients initially considered for autologous SCT and treated with intensive salvage chemotherapy
in the second-line setting may ultimately not receive a transplant due to poor fitness or failure to
achieve remission with salvage chemotherapy.2, 43 For these patients, further salvage
chemotherapy regimen would also then be considered.2 Of those patients with r/r DLBCL who go
on to receive autologous SCT, almost a third of patients are expected to relapse.43 According to
the British Society of Blood and Marrow Transplantation and a clinician in the UK consulted as
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part of this submission, a second autologous SCT is generally not considered following relapse
after first autologous SCT and so this patient group is difficult to treat effectively.44 Instead, these
patients may receive a second salvage chemotherapy (third-line chemotherapy) regimen, which
is non-cross resistant to the first.17
For those patients that are not originally considered for autologous SCT, either due to advanced
age or the presence of comorbidities, treatment options for patients with r/r DLBCL are limited.
According to UK clinicians, entry into a clinical trial with a novel agent is preferred, and is
recommended by ESMO and BSH treatment guidelines.2, 12, 15, 17 For patients that relapse or are
refractory to the initial salvage chemotherapy, a second salvage chemotherapy (third-line
chemotherapy) may then be considered, such as Gem-Ox (gemcitabine and oxaliplatin) and
GDP, with or without rituximab.2
Therefore, by various routes (i.e. via autologous SCT or not) patients and clinicians ultimately
end up in a situation with a difficult-to-treat condition where they are considering a salvage
chemotherapy regimen at third-line or later but with very little hope of a positive outcome.
According to clinicians in the UK, at least half of patients are expected to receive rituximab as
part of their salvage chemotherapy regimens at these later lines of therapy.1, 3 Clinician feedback
was that the salvage chemotherapy regimens considered at this line of therapy are not given with
curative intent, with Gem-Ox and GDP (with or without rituximab) being examples of regimens
that may be used for the palliative treatment of these patients. The only other treatment option to
a second salvage chemotherapy (third-line chemotherapy) that is currently available to patients is
pixantrone monotherapy, which is recommended by NICE as a third- or fourth-line treatment for
patients with r/r DLBCL who have already received rituximab (TA306).2, 18 Despite the NICE
recommendation, pixantrone use is believed to be less than 10% in clinical practice, possibly due
to the belief amongst clinicians that pixantrone monotherapy has efficacy that is no better than
salvage chemotherapy. This is reflected in the poor survival outcomes reported in the Eyre 2016
UK observational study for patients treated with pixantrone in the UK (median OS 3.4 months
[95% CI: 2.7, 4.5]).14 Clinician feedback is that, similar to salvage chemotherapy, the
administration of pixantrone monotherapy in this setting is with palliative intent and guidelines
from ESMO recommend enrolment into clinical trials in preference to pixantrone monotherapy.1, 2,
12

For these patients for whom prior chemotherapy and potentially a prior autologous SCT have
already failed, outcomes are extremely poor.14, 45, 46 There remains the small possibility that some
of these patients may still be able to achieve a sufficient clinical response to support receipt of a
SCT with the intention of cure; for example, allogeneic SCT is an option for patients who relapse
after autologous SCT or for whom stem cell harvesting is not possible, and an autologous SCT
may be considered for patients who did not ultimately receive a transplant in the second-line
setting and are deemed eligible.2, 12, 15, 16 However, for the vast majority of patients at these later
lines of therapy, a subsequent SCT following treatment with a second salvage chemotherapy
regimen (third-line chemotherapy) or pixantrone monotherapy for r/r DLBCL is not possible, with
only approximately 5% or less of patients receiving an SCT according to one clinician in the UK.1,
2

In summary, at the third- and later-lines of therapy, treatment options are limited and patients
may receive further salvage chemotherapy (with or without rituximab) or pixantrone
monotherapy. However, as noted in the BSH treatment guidelines (and confirmed by UK
clinicians consulted as part of this submission), treatment at this stage is mainly palliative with
the “ultimate curability of these patients [being] limited.”1, 2, 15 The preference for enrolling patients
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in clinical trials rather than attempt a second salvage chemotherapy (third-line chemotherapy) or
pixantrone at this point in the treatment pathway is indicative of the considerable unmet need for
effective therapies in the third- and later-line setting for patients with r/r DLBCL.2, 12, 15
Proposed positioning of tisagenlecleucel
Tisagenlecleucel is being positioned according to the anticipated licensed indication as a
treatment for xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The
evidence to support the use of tisagenlecleucel for these patients is based on the JULIET
(NCT02445248) and Schuster 2017 (NCT02030834) trials (see Section B.2.2 for more details).47,
48 It is anticipated that tisagenlecleucel would therefore offer an alternative to salvage
chemotherapy or pixantrone monotherapy at the third- and later-lines of therapy. Accordingly,
salvage chemotherapy (with or without rituximab) and pixantrone monotherapy, both of which are
currently used in the third- and later-line setting, are considered to represent the most relevant
comparators for tisagenlecleucel in this appraisal.
Clinician feedback supports the use of the salvage chemotherapy regimens Gem-Ox and GDP
as treatments for patients with r/r DLBCL in the third- and later-line setting.2 Given the
expectation that salvage chemotherapy will be given with palliative intent at this stage,
comparisons versus Gem-Ox and GDP (with or without rituximab and herein referred to as [R]Gem-Ox and [R-]GDP), as opposed to the more intensive and costly chemotherapy regimens
listed in the final scope, such as ICE, IVE and DHAP, have therefore been presented as part of
this submission.

Equality considerations
No equality issues related to the use of tisagenlecleucel in this indication have been identified or
are foreseen.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 24 of 162

B.2 Clinical effectiveness
Clinical effectiveness summary
Summary of clinical evidence





JULIET (NCT02445248) is an ongoing, single-arm, open-label, multicentre, international phase
II study to determine the efficacy and safety of tisagenlecleucel as a treatment for r/r DLBCL
and represents the primary source of clinical evidence for the use of tisagenlecleucel as a
treatment for xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx47, 49-52
At the latest data cut-off date (8th December 2017), 111 patients had received tisagenlecleucel
and the median time from tisagenlecleucel infusion to the data cut-off date was 13.93 months49
Supportive evidence is also available from the Schuster 2017 (NCT02030834) case-series
study, which included 14 DLBCL patients who received tisagenlecleucel with a median followup of 28.6 months48

Clinical effectiveness from JULIET (NCT02445248)









At the time of primary analysis (8th March 2017), the ORR was 53.1% (43/81) with 39.5% of
patients achieving a CR and 13.6% achieving a PR47, 51
At the latest data cut-off date (8th December 2017), the ORR was 51.6% (48/93), with 39.8% of
patients achieving a CR and 11.8% achieving a PR. Median DOR was not reached; of the xx
patients with a CR as BOR, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49, 53
Median OS was 11.7 months (95% CI: 6.6, NE) (8th December 2017; median follow-up for OS
of xxxx months) and the estimated probability of survival was xxxx%, xxxx%, xxxx%, and
49.0% at Months 3, 6, 9 and 12, respectively49, 53
Median PFS was xxx months (95% CI: xxxxxxxx) (8th December 2017), and the estimated
probability of progression-free survival was xxxx%, xxxx%, xxxx%, and xxxx% at Months 3, 6, 9
and 12, respectively49
At the time of the primary analysis, clinically meaningful improvements in HRQoL were
observed at Month 3 in FACT-Lym TOI, FACT-G and SF-36 general health and vitality
subscales, and the majority of the remaining subscale scores trended in the direction of
improvement50

Clinical effectiveness from Schuster 2017 (NCT02030834)




Amongst DLBCL patients, tisagenlecleucel was associated with an ORR of 50% (7/14) at 3
months, with 43% of patients (6/14) achieving a CR at 6 months. Median DOR was not reached
at the data cut-off date, with 86% (95% CI: 33, 98) of patients who had a response maintaining
their response following median follow up of 28.6 months48
Median OS was 22.2 months (95% CI not reported) and median PFS was 3.2 months (95% CI:
0.9, not reached), with 43% (95% CI: 18, 66) of patients being progression-free at median
follow-up of 28.6 months48

Pooled JULIET (NCT02445248) and Schuster 2017 (NCT02030834)




Individual patient-level data from JULIET and pseudo-individual patient-level data from
Schuster 2017 (NCT02030834) were pooled without adjustment in order to increase the overall
sample size and utilise data from longer follow-up
Median OS and PFS from the pooled JULIET and Schuster 2017 (NCT02030834) data were
xxxxx months (95% CI: xxxx, xx) and xxxx months (95% CI: xxxx, xxxx)
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Identification and selection of relevant studies
An SLR was conducted to identify relevant clinical evidence from clinical trials on the efficacy and
safety of treatment options, including tisagenlecleucel, for adult patients with r/r DLBCL. In
parallel, a comprehensive review was also conducted for relevant observational studies in r/r
DLBCL. Full details of the search strategies, study selection process and results of the SLR and
comprehensive review can be found in Appendix B.
The searches identified a total of 5,634 records, of which a total of 354 publications were
ultimately included. Of these, eight publications reporting on two single-arm clinical trials (JULIET
[NCT02445248] and Schuster 2017 [NCT02030834]; see Section B.2.2) were identified that
investigated tisagenlecleucel in the patient population of interest for this appraisal.

List of relevant clinical effectiveness evidence
JULIET (NCT02445248) is an ongoing, single-arm, open-label, multicentre, international phase II
study to determine the efficacy and safety of tisagenlecleucel as a treatment for r/r DLBCL. Data
from the JULIET trial have been presented by Schuster et al. (2017) at the European
Hematology Association (EHA) 2017 annual congress and by Schuster et al. (2017) at the
American Society of Hematology (ASH) 2017 annual meeting, with additional information
available from the JULIET Clinical Study Reports.47, 49, 51, 52 Patient-reported outcomes from the
JULIET trial have also been reported by Maziarz et al. (2017) at the ASH 2017 annual meeting.50
The Schuster 2017 (NCT02030834) case-series study included 14 DLBCL patients treated with
tisagenlecleucel at the Hospital of the University of Pennsylvania between 11th March 2014 and
2nd August 2016.48 The publication by Schuster et al. (2017) reports relevant clinical outcomes
(overall response rate [ORR], duration of response [DOR], overall survival [OS] and progressionfree survival [PFS]) for these DLBCL patients, with median follow-up of 28.6 months.48 In addition
to Schuster et al. (2017), five conference abstracts based on the Schuster 2017 (NCT02030834)
case-series have been published.54-58
The marketing authorisation application to the European Medicines Agency (EMA) for the r/r
DLBCL indication of interest for this appraisal was based primarily on evidence from the JULIET
trial, with supportive evidence provided by the Schuster 2017 (NCT02030834) study. In order to
utilise all available evidence on the survival of patients treated with tisagenlecleucel, PFS and OS
data from the Schuster 2017 (NCT02030834) study were pooled with JULIET trial data for use in
the cost-effectiveness analysis (see Sections B.2.7and B.3.3) An overview of JULIET and
Schuster 2017 is provided in Table 4 with further details provided in the following sections. The
population in both trials are comparable to one another and are highly relevant to the decision
problem being addressed in this submission.
Table 4: Clinical effectiveness evidence
Study
JULIET (NCT02445248)

Schuster 2017 (NCT02030834)

Study design

Single-arm, open-label, multicentre,
international phase II trial of
tisagenlecleucel

Case-series study of patients infused
with tisagenlecleucel at the Hospital of
the University of Pennsylvania
between 11th March 2014 and 2nd
August 2016

Population

Adult patients with r/r DLBCL (N=111)a

CD19+ DLBCL (N=14) or follicular
lymphoma (N=14)b
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Intervention(s)

Tisagenlecleucel
Protocol-specified target dose range:
1.0 to 5.0 x108 tisagenlecleucel
transduced cells

Tisagenlecleucel
Protocol-specified target dose range:
1.0 to 5.0 x108 tisagenlecleucel cells

Comparator(s)

Not applicable (single-arm trial)

Not applicable (single-arm trial)

Indicate if trial
supports
application for
marketing
authorisation
Indicate if trial
used in the
economic
model
Rationale for
use/non-use
in the model

Yes

Yes

Yes

Yes

JULIET is the registration study for
tisagenlecleucel as a treatment for
adult patients with r/r DLBCL and
evidence from this trial has been
submitted as the primary source of
efficacy and safety data for the
marketing authorisation application for
this indication.

For the cost-effectiveness model.
survival data from the 14 DLBCL
patients who received tisagenlecleucel
in the Schuster 2017 (NCT02030834)
study has been pooled with data from
the JULIET trial in order to utilise all
available survival data for
tisagenlecleucel in this indication.

Data are available from the JULIET
trial for each of the outcomes specified
in the decision problem and at the time
of the latest data cut-off date (8th
December 2017), 111 patients had
been infused with tisagenlecleucel.

The Schuster 2017 (NCT02030834)
study also provides survival data from
a longer follow-up for OS than the
JULIET trial (maximum of 37.9 months
versus xxxx months at the 8th
December 2017 data cut-off date of
the JULIET trial).










Reported
outcomes
specified in
the decision
problem




All other
reported
outcomes

Overall survival
Progression-free survival
Response rates (ORR, defined as
best overall response of CR and
PR, as determined by a central
IRC) and time to response (TTR)
and duration of response (DOR)
Adverse effects of treatment
HRQoL outcomes (FACT-Lym and
SF-36)

Other outcomes from the JULIET trial
that have been included in the
submission:
 Event-free survival
 Healthcare resource utilisation
(see Section B.3)

Overall survival
Progression-free survival
Response rates (ORR) and DOR
Adverse effects of treatment

Schuster 2017 (NCT02030834) also
reported results of biomarker
analyses. No other outcomes from the
study have been included in the
submission

a Relapsed or refractory disease after ≥2 lines of chemotherapy, including rituximab and anthracycline, and either
having failed autologous SCT, or being ineligible for or not consenting to autologous SCT. ‘N’ number refers to the
number of patients who had received an infusion of tisagenlecleucel at the latest data cut-off date. b Patients with
DLBCL were eligible if they had measurable disease after primary and salvage therapies, had relapsed or residual
disease after autologous SCT, or were not eligible for autologous or allogeneic SCT. ‘N’ number refers to the
number of patients who had received an infusion of tisagenlecleucel at the latest data cut-off date.
Abbreviations: CR: complete response; DLBCL: diffuse large B-cell lymphoma; DOR: duration of response;
FACT-Lym: Functional Assessment of Cancer Therapy-Lymphoma; HRQoL: health-related quality of life; IRC:
independent review committee; ORR: overall response rate; PR: partial response; r/r: relapsed/refractory; SCT:
stem cell transplantation; SF-36: Short Form Health Survey; TTR: time to response.
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Source: JULIET Interim Clinical Study Report (10th October 2017),47 JULIET Data on File (8th December 2017)49
and Schuster et al. (2017)48

Summary of methodology of the relevant clinical
effectiveness evidence
Trial design and methodology
A summary of the trial methodology is presented in Table 5 for JULIET (NCT02445248) and
Schuster 2017 (NCT02030834).
JULIET (NCT02445248)
JULIET is an ongoing, single-arm, open-label, multicentre, Phase II study to determine the
efficacy and safety of tisagenlecleucel in adult patients with r/r DLBCL. As part of the eligibility
criteria, patients were required to have relapsed or refractory disease after ≥2 lines of
chemotherapy, including rituximab and anthracycline, and to have either failed autologous SCT,
or be ineligible for or not consenting to autologous SCT.47 Patients were enrolled in two cohorts:
the Main Cohort included patients treated with tisagenlecleucel manufactured at the Novartis US
manufacturing facility, whereas Cohort A included patients treated with tisagenlecleucel
manufactured at an EU manufacturing facility. Patients were recruited into Cohort A to assess
the clinical product comparability between the US and EU manufacturing facilities and evaluate
the safety and efficacy of tisagenlecleucel manufactured at the EU manufacturing facility.47 The
study design of the JULIET study is shown in Figure 6.
At the time of the primary analysis (8th March 2017 data cut-off date), 147 patients were enrolled
in the study and 99 patients had received an infusion of tisagenlecleucel (xx in the Main Cohort
and x in Cohort A).47 An additional eighteen patients had enrolled in the study at the time of the
8th December 2017 data cut-off date and 111 patients in total had received an infusion of
tisagenlecleucel (95 in the Main Cohort and 16 in Cohort A).49, 53
Following enrolment, leukapheresis was conducted to collect cells from each patient which were
then used for tisagenlecleucel manufacture. Patients were allowed “bridging” chemotherapies to
stabilise disease whilst waiting for tisagenlecleucel manufacturing and infusion. Bridging
chemotherapy was received by 102/111 (91.9%) of patients at the time of the 8th December 2017
data cut-off date and the most frequently used (≥15% of patients) agents were rituximab (xxxx%),
gemcitabine (xxxx%), dexamethasone (xxxx%), etoposide (xxxx%), cytarabine (xxxx%), and
cisplatin (xxxx%).49, 53
A cycle of lymphodepleting chemotherapy was also recommended for those patients with a white
blood cell count >1000 cells/µL to induce lymphopaenia in order to facilitate engraftment and
homeostatic expansion of tisagenlecleucel cells. Lymphodepleting chemotherapy was received
by 103/111 (92.8%) of patients at the time of the 8th December 2017 data cut-off date.49, 53 Two
different regimens were recommended in the study protocol: fludarabine (25 mg/m2 intravenous
[iv] daily for 3 days) and cyclophosphamide (250 mg/m2 iv daily for 3 days starting with the first
dose of fludarabine) or bendamustine (90 mg/m2 iv daily for 2 days), and these were received by
xx (xxxx%) and xx (xxxx%) of patients, respectively.49 Bendamustine was specifically
recommended for patients with previous Grade 4 haemorrhagic cystitis with cyclophosphamide,
or for those who had demonstrated resistance to a previous cyclophosphamide-containing
regimen.47
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Figure 6: JULIET Study Design

a Performed prior to study entry. b As indicated per protocol. c Only for patients who drop out of the Primary
Follow-up before Month 60. d Patients will be followed for survival until the end of the trial, or until they are
enrolled in the long-term follow-up. e Long-term safety follow-up conducted per health authority guidance under a
separate protocol.
Source: JULIET Interim Clinical Study Report (10th October 2017) – Figure 9-147

The primary objective of the trial was to evaluate the efficacy of tisagenlecleucel in the Main
Cohort in terms of the ORR, defined as best overall response of CR and PR (Lugano
Classification), as determined by a central independent review committee (IRC).47 Secondary
endpoints included survival outcomes (OS and PFS), patient-reported HRQoL outcomes and
safety.47
Schuster 2017 (NCT02030834)
The Schuster 2017 (NCT02030834) case-series study included patients with CD19+ DLBCL or
follicular lymphoma (FL) who received infusions with CTL019 cells (i.e. tisagenlecleucel) at the
Hospital of the University of Pennsylvania between 11th March 2014 and 2nd August 2016.48 At
the time of the data cut-off date (7th May 2017), median follow-up in the Schuster (2017) study
was 28.6 months (range: 3.5–37.9).48
Patients with DLBCL or FL were eligible for the study if they had no curative treatment options, a
limited prognosis (<2 years of anticipated survival), and a partial response to or stable disease
after the most recent therapy. Patients with DLBCL were eligible if they had measurable disease
after primary and salvage therapies, had relapsed or residual disease after autologous SCT, or
were not eligible for autologous or allogeneic SCT. A total of 38 patients were enrolled in the
study, and 28 patients received treatment as specified in the protocol, 14 with FL and 14 with
DLBCL.48
Following enrolment, leukapheresis was conducted to collect cells from each patient, which were
then used for tisagenlecleucel manufacturing. After leukapheresis, patients could receive
bridging therapy at the discretion of their treating physician during the manufacture of
tisagenlecleucel. Of the 28 patients who received tisagenlecleucel, 10 patients received bridging
therapy.48 Once successful production and release testing of tisagenlecleucel transduced cells
were confirmed, patients underwent staging followed by chemotherapy to deplete lymphocytes.
Lymphodepleting chemotherapy regimens were chosen by the investigator on the basis of each
patient’s treatment history, blood counts and organ function. Of the fourteen DLBCL patients, six
patients received hyperfractionated cyclophosphamide (1.8 g/m2), 2 received modified EPOCH
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(doxorubicin [10 mg/m2] and etoposide [50 mg/m2 four times daily by continuous infusion],
cyclophosphamide [750 mg/m2]; no prednisone, no vincristine), 2 received cyclophosphamide (1
g/m2), 2 received bendamustine (90 mg/m2 twice daily), 1 received radiation therapy (4000 cGy
and cyclophosphamide (750 mg/m2) and 1 received infusional etoposide and bolus
cyclophosphamide (etoposide [50 mg/m2 four times daily by continuous infusion],
cyclophosphamide [750 mg/m2]).48
Tisagenlecleucel infusion was conducted 1 to 4 days after the completion of lymphodepleting
chemotherapy. The protocol-specified dose was 1.00×108 to 5.00×108 tisagenlecleucel
transduced cells.48
The primary objective of the study was the ORR at 3 months for all patients receiving the
protocol-specified dose of tisagenlecleucel, with the response evaluated with the use of the 1999
International Working Group response criteria, with complete response (CR) confirmed on 18Ffluorodeoxyglucose–positron-emission tomography.48 Response rates for DLBCL and FL were
analysed separately as secondary objectives. Other outcomes included PFS, DOR and OS. With
the exception of safety, outcomes were reported separately for FL and DLBCL patients and as
such only efficacy data for DLBCL patients has been reported in this submission.
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Table 5: Summary of JULIET and Schuster 2017 (NCT02030834) methodology
Trial name

JULIET (NCT02445248)

Schuster 2017 (NCT02030834)

International: 27 study centres in 10 countries (Australia, Austria,
Canada, France, Germany, Italy, Japan, the Netherlands,
Norway, and the United States of America)

US

Location
Trial design

Single-arm, open-label, multicentre, Phase II trial

Case-series study

A summary of inclusion and exclusion criteria are provided
below. Full details of eligibility criteria are presented in Appendix
B.
Key inclusion criteria

 Patients with CD19+ DLBCL or FL with no curative treatment
options, a limited prognosis (<2 years of anticipated survival),
and a partial response to or stable disease after the most
recent therapy
o DLBCL patients with measurable disease after
primary and salvage therapies, relapsed or residual
disease after autologous SCT, or who were ineligible
for autologous or allogeneic SCT
o FL patients with measurable progression of disease
less than 2 years after the second line of
immunochemotherapy (excluding single-agent
monoclonal antibody therapy)





Eligibility criteria
for participants







Relapsed or refractory disease after ≥2 lines of
chemotherapy, including rituximab and anthracycline, and
either having failed autologous SCT, or being ineligible for or
not consenting to autologous SCT
Histologically confirmed DLBCL at last relapse (by central
pathology review before enrolment)
Measurable disease at time of enrolment
Life expectancy ≥12 weeks
Eastern Cooperative Oncology Group (ECOG) performance
status that was either 0 or 1 at screening
Adequate organ function
Adequate bone marrow reserve without transfusions

Only those patients (n=14) with DLBCL were included in the
pooled analysis (see Section B.2.7)

Key exclusion criteria







Prior treatment with any prior anti-CD19/anti-CD3 therapy, or
any other anti-CD19 therapy
Treatment with any prior gene therapy product
Active central nervous system (CNS) involvement by
malignancy
Prior allogeneic SCT
Eligible for and consenting to autologous SCT
Chemotherapy other than lymphodepleting chemotherapy
within 2 weeks of tisagenlecleucel infusion
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Investigational medicinal product within the last 30 days prior
to screening
Prior radiation therapy within 2 weeks of tisagenlecleucel
infusion
Prior treatment with any adoptive T-cell therapy
Patients with T-cell rich/histiocyte rich large B-cell
lymphoma, primary cutaneous large B-cell lymphoma,
primary mediastinal B-cell lymphoma, Epstein-Barr viruspositive DLBCL of the elderly, Richter’s transformation, and
Burkitt lymphoma

The study was conducted across 27 centres across US, Canada,
Europe, Australia and Japan.
Settings and
locations where
the data were
collected

Method of study
drug
administration

Permitted and
disallowed
concomitant
medication

The study was conducted at the Hospital of the University of
Pennsylvania

A Novartis field monitor visited the sites regularly to check the
completeness of patient records, the accuracy of entries on the
CRFs, the adherence to the protocol and to Good Clinical
Practice, the progress of enrolment, and to ensure that study
treatment was being stored, dispensed, and accounted for
according to specifications.
A single infusion of 5.0×108 viable tisagenlecleucel transduced
cells, which were administered via iv infusion. The acceptable
dose range was considered as 1.0×108 to 5.0×108 viable
tisagenlecleucel transduced cells.

A single infusion of viable tisagenlecleucel transduced cells,
which were administered via iv injection. The acceptable dose
range was considered as 1.00 x108 to 5.00 ×108
tisagenlecleucel transduced cells.

Patients with moderate to severe signs and symptoms
attributable to cytokine release syndrome (CRS) were managed
with supportive care and administration of tocilizumab

Not reported

Prohibited concomitant therapy




Therapeutic doses of steroids were stopped >72 hours prior
to leukapheresis and >72 hours prior to tisagenlecleucel
infusion. However, <12 mg/m2/day hydrocortisone or
equivalent was allowed as physiological replacement doses
of steroids
Any other immunosuppressive medication was stopped
≥2 weeks prior to leukapheresis and ≥2 weeks prior to
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Primary outcomes

tisagenlecleucel infusion. This included check point inhibitors
(monoclonal antibodies and small molecule modulators).
Antiproliferative therapies other than lymphodepleting
chemotherapy within 2 weeks of leukapheresis and 2 weeks
prior to infusion of tisagenlecleucel were prohibited
Antibody use including anti-CD20 therapy within 4 weeks
prior to tisagenlecleucel infusion or five half-lives of the
respective antibody, whichever is longer, was excluded
(rituximab was excluded within 4 weeks prior to
tisagenlecleucel infusion)
CNS disease prophylaxis must have been stopped >1 week
prior to tisagenlecleucel infusion (e.g. intrathecal
methotrexate)

The primary endpoint was ORR as determined by IRC
assessment in patients treated with tisagenlecleucel from the US
manufacturing facility, which included patients with a best overall
response (BOR) of complete response (CR) or partial response
(PR).
Response to treatment was assessed at Day 28 and months 3,
6, 9, 12, 18, 24 months and then every 12 months for 5 years
until documented disease relapse or disease progression.
Positron emission tomography–computed tomography scans
were performed at baseline and at Month 3.

ORR (PR and CR) at 3 months for all patients receiving the
protocol-specified dose of tisagenlecleucel, with the response
evaluated with the use of the 1999 International Working Group
response criteria; CR was confirmed on 18Ffluorodeoxyglucose–positron-emission tomography.

The definitions of response are presented in Appendix B.
A summary of the secondary outcomes is provided below:

Secondary and
other outcomes








Duration of overall response (DOR)
Event free survival (EFS)
Progression-free survival (PFS)
Time to response (TTR)
Overall survival (OS)
Incidence and severity of adverse events (reporting of AEs,
except for CRS, was based on MedDRA version 20.0 and
Common Terminology Criteria for AEs (CTCAE) version
4.03)

Other outcomes included:
 DOR
 OS
 PFS
 Safety
 Biomarker analysis
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Patient reported outcomes (FACT-Lym and the SF-36v
(acute form) questionnaires)

Pre-planned
subgroups

Pre-planned subgroup analyses for ORR were performed
according to baseline patient characteristics, including age (<40
years, ≥40 years to <65 years, ≥65 years), gender (male,
female), race (White, Asian, Black, Other), ethnicity (Hispanic or
Latino, Other), prior response status (refractory to last line,
relapsed to last line), IPI at enrolment (<2 risk factors, ≥2 risk
factors), number of prior lines of anti-neoplastic therapy (≤2 lines,
3–4 lines, ≥4 lines), and stage of disease at baseline (Stage I/II,
Stage III/IV).

Response rates for DLBCL and FL were analysed separately.
Efficacy analyses were also conducted by DLBCL subtypes (cell
of origin and ‘double hit’ lymphoma (MYC translocation with
BCL2 translocation, BCL6 translocation, or both)

Duration of study
and follow-up

The study was initiated on 29th July 2015 and is currently
ongoing.
At the latest data cut-off date (8th December 2017), a total of 111
patients had been infused with tisagenlecleucel (95 from the
Main Cohort and 16 in Cohort A) – the median time from
tisagenlecleucel infusion to the data cut-off date was 13.93
months (range: xxx–xxxx months).53
The median and maximum follow-up for OS was xxxx months
and xxxx months, respectively.49

Enrolled patients received tisagenlecleucel between 11th March
2014, and 2nd August 2016; clinical outcome data were up to
date as of 7th May 2017.
Median follow-up at the 7th May 2017 cut-off date was 28.6
months (range: 3.5–37.9).

Abbreviations: AE: adverse event; BOR: best overall response; CNS: central nervous system; CR: complete response; CRF: case report form; CRS: cytokine release syndrome;
CTCAE: Common Terminology Criteria for Adverse Events; DOR: duration of response; DLBCL: diffuse large B-cell lymphoma; ECOG: Eastern Cooperative Oncology Group;
EFS: event-free survival; FACT-Lym: Functional Assessment of Cancer Therapy-Lymphoma; FL: follicular lymphoma; IPI: International Prognostic Index; IRC: independent
review committee; MedDRA: Medical Dictionary for Regulatory Activities; ORR: overall response rate; OS: overall survival; PFS: progression-free survival; PR: partial response;
SCT: stem cell transplantation; SF-36: Short Form Health Survey; TTR: time to response
Source: JULIET Interim Clinical Study Report (10th October 2017)47, JULIET Data on File (8th December 2017)49 and Schuster et al. (2017)48
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Baseline characteristics
JULIET (NCT02445248)
Baseline characteristics of patients of the JULIET trial who were infused with tisagenlecleucel at
the time of the primary analysis (8th March 2017) and the 8th December 2017 data cut-off date
are presented in Table 6.
At the 8th December 2017 data cut-off date, patients were between the ages of xx and xx years
old (median 56.0 years old; xxxx% ≥65 years old) and a higher number of patients were male (xx
males versus xx females).49, 53 At study entry, the majority of patients had Stage III/IV disease
(75.7%) and almost three-quarters had ≥2 IPI risk factors (xxxx%).49, 53 A similar number of
patients had refractory disease to the last line of therapy (n=xx) than had relapsed (n=xx) and the
median time since the most recent relapse prior to tisagenlecleucel infusion was xxx months
(range: xxx–xxxx).49 The majority of patients had either two (xxxx%) or three (xxxx%) prior lines
of anti-neoplastic therapy and 48.6% had prior haematopoietic SCT.49, 53
Table 6: Baseline characteristics of patients in the JULIET trial
Primary analysis
(N=99)a

8th December 2017
(N=111)b

Age (years), median (range)

56.0 (22.0–76.0)

56.0 (22.0-76.0)

Age category (years), n (%)
<40

xxxxxxxxx

xxxxxxxxx

≥40 to <65

xxxxxxxxx

xxxxxxxxx

≥65

xxxxxxxxx

xxxxxxxxx

Sex, n (%)
Female

xxxxxxxxx

xxxxxxxxx

Male

xxxxxxxxx

xxxxxxxxx

Race, n (%)
White

xxxxxxxxx

xxxxxxxxx

Asian

xxxxxxx

xxxxxxx

Black

xxxxxxx

xxxxxxx

Other

xxxxxxx

xxxxxxx

xxxxxxx

xxxxxxx

xxxxxxxxx

xxxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Diffuse large B-cell
lymphoma

xxxxxxxxx

xxxxxxxxx

Transformed lymphomad

xxxxxxxxx

xxxxxxxxx

xxxxxxx

xxxxxxx

Characteristic

Ethnicity, n (%)
Hispanic or Latino
Other

c

ECOG performance status, n
(%)
0
1
Predominant
histology/cytology, n (%)

Other

e
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Characteristic

8th December 2017
(N=111)b

Primary analysis
(N=99)a
At initial
diagnosis

At study
entry

At initial
diagnosis

At study
entry

Stage I

xxxxxxx

7 (7.1)

xxxxxxx

xxxxxxx

Stage II

xxxxxxxxx

16 (16.2)

xxxxxxxxx

xxxxxxxxx

Stage III

xxxxxxxxx

21 (21.2)

xxxxxxxxx

xxxxxxxxx

Stage IV

xxxxxxxxx

55 (55.6)

xxxxxxxxx

xxxxxxxxx

Unknown

xxxxxxx

0

xxxxxxx

x

Missing

xxxxxxx

0

xxxxxxx

x

At initial
diagnosis

At study
entry

At initial
diagnosis

At study
entry

<2 risk factors

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

≥2 risk factors

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Unknown

xxxxxxxxx

x

xxxxxxxxx

x

Disease stage, n (%)

IPI, n (%)

Prior HSCT, n (%)
No

52 (52.5)

57 (51.4)

Yes

47 (47.5)

54 (48.6)

Refractory to last line

xxxxxxxxx

xxxxxxxxxx

Relapsed to last line

xxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

1

5 (5.1)

xxxxxxx

2

44 (44.4)

xxxxxxxxx

3

31 (31.3)

xxxxxxxxx

4

14 (14.1)

xxxxxxxxx

5

4 (4.0)

xxxxxxx

6

1 (1.0)

Disease status, n (%)

Time since most recent
relapse/progression prior to
tisagenlecleucel infusion
(months), median (range)
Number of prior lines of antineoplastic therapy, n (%)

a

xxxxxxx
8th

Includes all patients infused with tisagenlecleucel at the time of the
March 2017 data cut-off date. b Includes
all patients infused with tisagenlecleucel at the time of the 8th December 2017 data cut-off date. c xx patients were
not Hispanic or Latino; for xx patients, the ethnicity was not reported, and x patients had unknown ethnicity. d
Includes
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx).
e Patient with predominant histology/cytology being large cell neuroendocrine carcinoma. f Equals the sum of
patients who were refractory to all lines prior to HSCT (n=x), refractory to all lines without prior HSCT (n=xx),
refractory to last line but not all lines with prior HSCT (n=xx), and refractory to last line but not all lines without prior
HSCT (n=xx). g Equals the sum of patients who relapsed to last line with prior HSCT (n=xx) and without prior HSCT
(n=xx).
Abbreviations: ECOG: Eastern Cooperative Oncology Group; HSCT: haematopoietic stem cell transplantation;
IPI: International Prognostic Index; SD: standard deviation
Source: JULIET Interim Clinical Study Report (10th October 2017) – Tables 11-2 and 11-347, JULIET Data on File
(8th December 2017)49
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Schuster 2017 (NCT02030834)
Baseline characteristics of DLBCL patients in Schuster 2017 (NCT02030834) are presented in
Table 7.
DLBCL patients who received tisagenlecleucel (N=14) in the Schuster 2017 (NCT02030834)
study were between the ages of 25 and 77 years old (median 58 years old) and a higher number
of patients infused with tisagenlecleucel were males (11 versus 3 females). At study entry, the
majority of treated patients had advanced stage disease (64%; defined as Stage III or IV
according to the modified Ann Arbor staging system), and 12 treated patients (86%) with DLBCL
had refractory disease (defined as disease in which progressive or stable disease is considered
to be the best response to chemotherapy or as relapse <12 months after autologous SCT). The
median number of prior therapies was 3 (range: 1–8) and 7 patients (50%) had received prior
autologous SCT; no patients had received an allogeneic SCT.48
Table 7: Baseline characteristics of DLBCL patients in Schuster 2017 (NCT02030834)
Schuster 2017 (NCT02030834)
Characteristic
Age (years), median (range)

DLBCL patients enrolled
(N=23)

DLBCL patients infused
(N=14)

56 (25–77)

58 (25–77)

7 (30)

3 (21)

Female, n (%)
Previous therapies, median
(range)
Advanced stage disease, n (%)a

3 (1–8)

3 (1–8)

17 (74)

9 (64)

Bone marrow involved, n/N (%)

4/21 (19)

3/14 (21)

Elevated lactate dehydrogenase,
n (%)

16 (70)

8 (57)

ECOG performance status, n (%),
median (range)

1 (0–1)

1 (0–1)

Refractory disease, n (%)b

21 (91)

12 (86)

Autologous

9 (39)

7 (50)

Allogeneic

0

0

Prior SCT, n (%)

a

Defined as Stage III or IV according to the modified Ann Arbor staging system
b Defined as disease in which progressive or stable disease is considered to be the best response to chemotherapy
(with stable disease defined as disease that is less than 12 months in duration after the patient has undergone at
least four cycles of first-line therapy or two cycles of second-line, third-line, or later therapy) or as relapse <12
months after autologous stem cell transplantation. Patients must have received an anti-CD20 monoclonal antibody
(unless they had negative test results for CD20) and an anthracycline as one of their previous treatment regimens.
Abbreviations: DLBCL: diffuse large B-cell lymphoma; ECOG: Eastern Cooperative Oncology Group; SCT: stem
cell transplant
Source: Schuster et al. (2017) – Table 148
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Statistical analysis and definition of study groups in the relevant
clinical effectiveness evidence
JULIET (NCT02445248)
Trial populations
The analysis sets used in the analysis of the JULIET trial are presented in Table 8.
Table 8: Trial populations used for the analysis of outcomes of the JULIET trial
Analysis set

Description

Full Analysis Set (FAS)

Comprises all patients who received infusion of tisagenlecleucel

Efficacy Analysis Set (EAS)

Comprises patients who received tisagenlecleucel infusion at
least 3 months (90 days) prior to the data cut-off date

Safety set

Comprises all patients who received infusion of tisagenlecleucel
(same as the Full Analysis Set)

Abbreviations: EAS: efficacy analysis set; FAS: full analysis set.
Source: JULIET Interim Clinical Study Report (10th October 2017)47

Primary efficacy analysis
Details of the methods for the primary analyses in JULIET (NCT02445248) are presented in
Table 9. The primary endpoint of the JULIET trial was ORR, as determined by IRC assessment,
in patients in the Main Cohort (US manufacturing site) treated with tisangelecleucel.47 ORR was
defined as the proportion of patients with a BOR of CR or PR (Lugano Classification), where the
BOR is defined as the best disease response recorded from tisagenlecleucel infusion until
progressive disease or start of new anti-cancer therapy (including SCT), whichever came first.47
The primary efficacy analysis was analysed on data from the Main Cohort in the Efficacy
Analysis Set, which included all patients who received tisagenlecleucel infusion at the US
manufacturing site at least 3 months (90 days) prior to data cut-off date.
Interim analysis
An interim analysis (with data cut-off date of 20th December 2016) was performed after the first
51 patients in the Main Cohort had received tisagenlecleucel infusion and the last patient had
completed 3 months from study Day 1 infusion or discontinued earlier.47 An α-spending function
(O’Brien-Fleming), as implemented in EAST 6.3, was used to construct the efficacy-stopping
boundary (Lan and DeMets 1983). Based on this choice of α-spending function, if the interim
analysis was performed with 50 patients, the lower bound of the 2-sided 99.08% exact CI for
ORR needed to be greater than 20% to declare statistical significance.
Results from the interim analysis are presented in Section B.2.5.
Summary of clinical data cut-off dates
Data for the primary efficacy endpoint (ORR) are presented in Section B.2.5 from three data cutoff dates, which are referred to respectively as the “interim analysis” (20th December 2016);
“primary analysis” (8th March 2017) and the 8th December 2017 data cut-off date:


Secondary efficacy endpoints are presented from the latest (8th December 2017) data cut-off
date, where available
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Patient-reported outcomes are presented from the primary analysis (8th March 2017) and the
latest (8th December 2017) data cut-off date



Safety data are presented from the latest (8th December 2017) data cut-off date, where
available, and the primary analysis (8th March 2017)

Table 9: Statistical methods for the primary analyses of JULIET
Trial name

JULIET (NCT02445248)

Hypothesis objective

The primary efficacy analysis was performed by testing the null
hypothesis of ORR being ≤20% against the alternative hypothesis
that ORR is >20% at overall one-sided 2.5% level of significance.

Statistical analysis

The ORR was summarised along with the 2-sided 95% exact
Clopper-Pearson confidence intervals. Taking into account the
planned interim analysis (see text below), the study was considered
successful if the lower bound of the 2-sided 95.28% exact CI for
ORR was >20%, so that the null hypothesis that the ORR was ≤20%
could be rejected

Sample size, power
calculation

Based on the null hypothesis of ORR ≤20%a and alternative
hypothesis of ORR >20%, 80 patients in the primary analysis would
provide 94% cumulative power to demonstrate statistical
significance, using a 2-look Lan-DeMets group sequential design
with O’Brien-Fleming type boundary and an exact CI at one-sided
cumulative 0.025 level of significance, if the underlying ORR was
38%. In this setting, an ORR of 24/80=30% was needed to claim
success.
Assuming approximately 20% enrolled patients would not be receive
a tisagenlecleucel infusion due to reasons such as an inability to
manufacture tisagenlecleucel, worsening of patient’s condition, etc.,
at least 100 patients need to be enrolled to ensure that 80 patients
were treated, and hence were used for the primary analysis.

Data management,
patient withdrawals

An IRC was appointed to review data related to disease response
assessment in a blinded fashion.
BOR was assigned according to the following order: CR, PR, SD,
PD. If a patient did not qualify for CR, PR, SD or PD, then their best
disease response was Unknown (patients with an Unknown clinical
response were treated as non-responders).

a

In two retrospective studies in r/r DLBCL patients receiving 2nd or 3rd line therapies, the observed ORR were 14%
and 20%.59, 60
Abbreviations: BOR: best overall response; CI: confidence intervals; CR: complete response; IRC: independent
review committee; ORR: overall response rate; PD: progressive disease; PR: partial response; SD: stable disease.
Source: JULIET Interim Clinical Study Report (10th October 2017)47

Schuster 2017 (NCT02030834)
The sample size for the Schuster 2017 (NCT02030834) study was approximated on the basis of
a response rate of 50% (15 of 30 patient responses), with 95% confidence in a true response
rate of more than 30%.48
ORR at 3 months for all patients receiving the protocol-specified dose of tisagenlecleucel
(primary objective), and for DLBCL and FL patients separately (secondary objectives), were
summarised, and 95% exact confidence intervals were calculated. PFS and DOR were estimated
with the use of the Kaplan–Meier method. The median survival time and probability of survival
were estimated with the use of 95% confidence intervals.48
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Participant flow in the relevant trials
CONSORT diagrams for both studies are presented in Appendix B.
JULIET (NCT02445248)
At the time of the primary analysis (8th March 2017), xxx patients with r/r DLBCL had been
screened, 147 patients were enrolled in the study and 99 patients had received an infusion of
tisagenlecleucel (Full Analysis Set/Safety Set) (xx in the Main Cohort and x in Cohort A;
tisagenlecleucel infusion pending for five patients).47 A total of xx patients were infused with
tisagenlecleucel at least 3 months prior to the data cut-off date (Efficacy Analysis Set), 81 in the
Main Cohort and x in Cohort A.47 The median time from tisagenlecleucel infusion to the data cutoff date was 5.6 months (range: x–xxxx months).47
At the time of the 8th December 2017 data cut-off date, 165 patients were enrolled in the study
and 111 patients had received an infusion of tisagenlecleucel (Full Analysis Set/Safety Set) (95
in the Main Cohort and 16 in Cohort A; infusion pending for xxxx patients).49, 53 A total of xxx
patients were infused with tisagenlecleucel at least 3 months prior to the data cut-off date
(Efficacy Analysis Set) (93 in the Main Cohort and xx in Cohort A).49, 53 The median time from
tisagenlecleucel infusion to the data cut-off date was 13.93 months (range: xxx–xxxx months).49,
53

Of those infused with tisagenlecleucel, xx patients were still ongoing at the time of the 8th
December 2017 data cut-off date. xxxxxxxxxxx patients discontinued from the study due to death
(n=xx), progressive disease (n=xx), patient’s decision (n=x), physician’s decision (n=x) and AE
(n=x).49
Schuster 2017 (NCT02030834)
A total of 38 patients were enrolled in the study, and 28 patients received treatment as specified
in the protocol.48 Ten patients did not receive treatment as specified in the protocol owing to:
rapid disease progression with clinical deterioration (four patients, three with DLBCL and one
with FL); an insufficient T-cell count for the manufacture of tisagenlecleucel (five patients, all with
DLBCL), and withdrawal of consent (one patient, with DLBCL).48

Quality assessment of the relevant clinical effectiveness
evidence
Quality assessments of the JULIET and Schuster 2017 (NCT02030834) studies have been
conducted using the Down and Black’s checklist (1998) for assessing quality in healthcare
intervention studies.61 Full results of these quality assessments are presented in Appendix B.
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Clinical effectiveness results of the relevant trials
Clinical effectiveness from JULIET (NCT02445248)









At the time of primary analysis (8th March 2017), the ORR was 53.1% (43/81) with 39.5% of
patients achieving a CR and 13.6% achieving a PR47, 51
At the latest data cut-off date (8th December 2017), the ORR was 51.6% (48/93), with 39.8% of
patients achieving a CR and 11.8% achieving a PR. Median DOR was not reached; of the xx
patients with a CR as BOR, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49, 53
Median OS was 11.7 months (95% CI: 6.6, NE) (8th December 2017; median follow-up for OS
of xxxx months) and the estimated probability of survival was xxxx%, xxxx%, xxxx%, and
49.0% at Months 3, 6, 9 and 12, respectively49, 53
Median PFS was xxx months (95% CI: xxxxxxxx) (8th December 2017), and the estimated
probability of progression-free survival was xxxx%, xxxx%, xxxx%, and xxxx% at Months 3, 6, 9
and 12, respectively49
At the time of the primary analysis, clinically meaningful improvements in HRQoL were
observed at Month 3 in FACT-Lym TOI, FACT-G and SF-36 general health and vitality
subscales, and the majority of the remaining subscale scores trended in the direction of
improvement50

Clinical effectiveness from Schuster 2017 (NCT02030834)




Amongst DLBCL patients, tisagenlecleucel was associated with an ORR of 50% (7/14) at 3
months, with 43% of patients (6/14) achieving a CR at 6 months. Median DOR was not reached
at the data cut-off date, with 86% (95% CI: 33, 98) of patients who had a response maintaining
their response following median follow up of 28.6 months48
Median OS was 22.2 months (95% CI not reported) and median PFS was 3.2 months (95% CI:
0.9, not reached), with 43% (95% CI: 18, 66) of patients being progression-free at median
follow-up of 28.6 months48

JULIET (NCT02445248)
Primary efficacy endpoint:
Interim analysis (20th December 2016)
An interim analysis was performed after the first 51 patients in the Main Cohort had received
tisagenlecleucel infusion and had been followed for at least 3 months or discontinued earlier. At
this interim analysis, the ORR based on IRC assessment was 58.8% (95% CI: xxxx, xxxx). The
result was statistically significant at a 1-sided critical alpha level of xxxxxx (p<0.0001 to reject H0:
ORR ≤ 20%).47, 52
Primary analysis (8th March 2017) and 8th December 2017 data cut-off date
In the primary analysis of patients who received tisagenlecleucel from the US manufacturing site
(data cut-off date of 8th March 2017), among 81 patients infused with tisagenlecleucel with ≥3
months follow-up or earlier discontinuation, the ORR as determined by IRC was 53.1% (95% CI:
41.7, 64.3) with 39.5% of patients achieving a CR and 13.6% achieving a PR.47, 51 Median time to
response was xxx months (95% CI: xxx, xxx).47
At the time of the latest data cut-off date (8th December 2017), 93 patients in the Main Cohort
had received tisagenlecleucel and had been followed up for ≥3 months of or discontinued
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earlier.49, 53 Response rates, as determined by IRC, were generally consistent with those
observed in the primary analysis (see Table 10): the ORR was 51.6% (48/93 95% CI: 41.0, 62.1),
with 39.8% of patients achieving a CR and 11.8% achieving a PR.49, 53 BOR results were
consistent between IRC and local investigator assessment: ORR based on local investigator
assessment was xxxx% (xxxxx; 95% CI: xxxx, xxxx), which corresponded to xx% BOR
assessment agreement.
Table 10: Best overall response and objective response rates post-tisagenlecleucel infusion by
IRC assessment (Efficacy Analysis Set; Main Cohort)
Response, n (%) [95% CI; p-value)
Outcome

Primary analysis
(N=81)a

8th December 2017
(N=93)

CR

32 (39.5)

37 (39.8)

PR

11 (13.6)

11 (11.8)

SD

xxxxxxxxx

xxxxxxxxx

PD

xxxxxxxxx

xxxxxxxxx

Unknown

xxxxxxxx

BOR

xxxxxxx

43 (53.1) [41.7, 64.3; <0.0001 ]

48 (51.6) [41.0, 62.1; <0.0001b]

N=81

N=93

ORR at 3 monthsc

xxxxxxxxx

xxxxxxxxx

CR at 3 months

26 (32.1)

xxxxxxxxx

N=46

N=xx

ORR at 6 monthsc

xxxxxxxxx

xxxxxxxxx

CR at 6 months

xxxxxxxxx

xxxxxxxxx

ORR (CR+PR)

b

Efficacy Analysis Set comprises patients who received tisagenlecleucel infusion at least 3 months prior to the data
cut-off date.
a Data cut-off date: 8th March 2017. b The p-value is displayed as a descriptive statistic only, with no inferential
interpretation (since the null hypothesis of ORR <20% was already rejected with p<0.0001 at the previous interim
analysis). The 95% CIs were exact Clopper-Pearson CIs. c Denominators for months 3 and 6 are the number of
patients infused with tisagenlecleucel at least 3 months or at least 6 months prior to data cut-off date.
Abbreviations: BOR: best overall disease response; CI: confidence interval; CR: complete response; IRC:
independent review committee; ORR: overall response rate; PD: progressive disease; PR: partial response; SD:
stable disease.
Source: Schuster et al. (2017 ASH)51, JULIET Interim Clinical Study Report (10th October 2017) – Table 11-447
and JULIET Data on File (8th December 2017)49, Borchmann et al. (2018 EHA)53

Secondary efficacy endpoints:
Overall survival (OS)
OS was defined as the time from date of tisagenlecleucel infusion to the date of death due to any
reason.49 At the 8th December 2017 cut-off date, xxxxxx patients (xxxx%) had died after
tisagenlecleucel infusion and median OS was 11.7 (95% CI: 6.6, not estimable [NE]).49, 53 Median
follow-up for OS was xxxx months and maximum follow-up was xxxx months.49
The estimated OS probability was xxxx% (95% CI: xxxx, xxxx), xxxx% (95% CI: xxxx, xxxx),
xxxx% (95% CI: xxxx, xxxx), and 49.0% (95% CI: xxxx, xxxx) at Months 3, 6, 9 and 12,
respectively.49, 53 The Kaplan-Meier plot of OS is presented in Figure 7.
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Figure 7: Kaplan-Meier plot of overall survival (Full Analysis Set) at the 8th December 2017
data cut-off

Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time was relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: CI: confidence intervals; NE: not estimable.
Source: JULIET Data on File (8th December 2017)49

Post-hoc analysis of overall survival
At the start of the JULIET trial, there was higher than expected demand for enrolment and
treatment with tisagenlecleucel. Due to this high demand and early capacity limitation in the US
manufacturing facility, patients enrolled early in the study had to wait for tisagenlecleucel longer
than planned, with a xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (all enrolled set, n=165).62
The patient demographics, primary disease history and prior antineoplastic therapy history of
patients who were infused with tisagenlecleucel (n=111) versus the all enrolled analysis set were
similar and did not reveal important differences.62 The patients enrolled but not infused with
tisagenlecleucel had in general similar baseline characteristics to those infused with
tisagenlecleucel in terms of prior lines of therapy, double/triple hit, molecular subtype, histology,
and relapse to last line of therapy. Non-tisagenlecleucel infused patients did have a higher
representation of patients who were ECOG 1 (xxxx% versus xxxx%) and IPI score ≥2 at study
entry (xxxx% versus xxxx%) but
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Of those
patients who had enrolled in the JULIET trial but had not received an infusion of tisagenlecleucel
(i.e. all enrolled minus those infused with tisagenlecleucel (n=xx), median OS was only xxx
months (95% CI: xxxxxxxx; see Figure 8).62
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Figure 8: Kaplan-Meier plot of overall survival from enrolment (Tisagenlecleucel-infused
versus Non-Infused Patients)

Source: JULIET Data on File.62

Progression-free survival (PFS)
PFS was defined as the time from date of tisagenlecleucel infusion to death due to any cause or
to disease progression. According to the study protocol, patients who proceeded to SCT after
tisagenlecleucel infusion were censored at the time of SCT. At the time of the latest data cut-off
(8th December 2017), a total of xxx patients had received subsequent SCT (all xxx patients
received an allogeneic SCT and xxx patient also received an autologous SCT).49 As the costeffectiveness analysis presented in Section B.3 includes the impact of subsequent SCT on OS,
the results for PFS presented here, and the PFS data used in the cost-effectiveness model, are
based on the analysis in which patients were not censored at the time of SCT.
Without censoring for SCT, median PFS was xxx months (95% CI: xxx, xxx) at the time of the
latest data cut-off (8th December 2017), with a median follow-up was xxxx months.49 The
estimated progression-free probability was xxxx% (95% CI: xxxx, xxxx), xxxx% (95% CI: xxxx,
xxxx), xxxx% (95% CI: xxxx, xxxx), and xxxx% (95% CI: xxxx, xxxx) at Months 3, 6, 9 and 12,
respectively.49 The Kaplan-Meier plot of PFS is presented in Figure 9.
Figure 9: Kaplan-Meier plot of progression-free survival without censoring for SCT by IRC
assessment (Full Analysis Set) at the 8th December 2017 data cut-off

Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell
transplantation.
Source: JULIET Data on File (8th December 2017)49
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Duration of response (DOR)
DOR was defined as the time from the date of first documented disease response (CR or
the date of first documented progression or death due to DLBCL with censoring for
SCT. At the 8th December 2017 data cut-off, median DOR in the Efficacy Analysis Set (Main
Cohort) was not reached after a median follow up of xxxx months.49, 53 The estimated
probabilities of being relapse free (i.e. without progression or death due to DLBCL
documented disease response) at Month 3, 6, 9 and 12 were xxxx% (95% CI: xxxx, xxxx),
(95% CI: xxxx, xxxx), xxxx% (95% CI: xxxx, xxxx), and 65.1% (95% CI: xxxx, xxxx),
respectively.49, 53 The Kaplan-Meier plot of DOR is presented in Figure 10. The persistence
of response with tisagenlecleucel is also demonstrated by the proportion of patients
achieving a CR at Month 3 and sustained at Month 6 (see Table 10) and in the waterfall
plots showing the DOR for individual patients are presented in
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Figure 11.49 Of the xx patients with a CR as BOR, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
at the time of the 8th December 2017 data cut-off.49
Figure 10: Kaplan-Meier plot of duration of response with censoring for SCT by IRC
assessment for Main Cohort patients (Efficacy Analysis Set) at the 8th December 2017 data
cut-off

Efficacy Analysis Set comprises patients who received tisagenlecleucel infusion at least 3 months prior to the data
cut-off date. Only patients who achieved CR or PR were included. Time was relative to onset of
response, 1 month = 30.4375 days.
Abbreviations: CI: confidence intervals; IRC: independent review committee; NE: not estimable; SCT: stem cell
transplantation.
Source: JULIET Data on File (8th December 2017)49
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Figure 11: Plot of individual duration of response with censoring for SCT by IRC
assessment for Main Cohort patients (Efficacy Analysis Set) at the 8th December 2017 data
cut-off

Figure 10 continued.

Efficacy Analysis Set comprises patients who received tisagenlecleucel infusion at least 3 months prior to the data
cut-off date.
Abbreviations: CR: complete response; EAS: efficacy analysis set; IRC: independent review committee; PR:
partial response; SCT: stem cell transplantation.
Source: JULIET Data on File (8th December 2017)49

Event-free survival (EFS) – 8th December 2017
EFS was defined as the time from date of tisagenlecleucel infusion to the earliest of the
events: death due to any cause, disease progression or relapse, and new anticancer
(including subsequent SCT, which was censored at time of SCT). At the time of the latest
cut-off (8th December 2017), xx patients were censored for starting a new anti-cancer
the analysis of EFS and xx patients were censored for subsequent SCT.49 Median EFS at
data cut-off date was xxx months (95% CI: xxx, xxx) and the median follow-up was xxxx
months.49 The estimated event-free probability was xxxx% (95% CI: xxxx, xxxx), xxxx%
xxxx, xxxx), xxxx% (95% CI: xxxx, xxxx), and xxxx% (95% CI: xxxx, xxxx) at Months 3, 6, 9
12, respectively.49 The Kaplan-Meier plot of EFS is presented in
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Figure 12.
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Figure 12: Kaplan-Meier plot of event-free survival without censoring for SCT by IRC
assessment (Full Analysis Set) at the 8th December 2017 data cut-off

Full Analysis Set (comprises all patients who received tisagenlecleucel infusion. Time is relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: EFS: event-free survival; IRC: independent review committee; SCT: stem cell transplantation.
Source: JULIET Data on File (8th December 2017)49

Patient-reported outcomes (8th March 2017 data cut-off date)
Two questionnaires were used to capture patient-reported outcomes (PROs): The Functional
Assessment of Cancer Therapy-Lymphoma (FACT-Lym) and the Short Form Health Survey (SF36 v2; acute form). The EuroQoL 5-Dimensions (EQ-5D) questionnaire was not administered to
patients in the JULIET trial.


FACT-Lym is a fully validated questionnaire to assess the HRQoL in patients with lymphoma
and consists of a general HRQoL instrument (FACT-G) and a condition specific module Lym.63
The FACT-G has 27 statements on a five-point scale (not at all, a little, somewhat, quite a bit,
very much). The statements cover four subscales (physical well-being, social/family well-being,
emotional well-being, functional well-being). The Lym module consists of 15 statements on an
identical five-point scale.



SF-36 is a widely used and extensively studied instrument to measure HRQoL among healthy
patients and patients with acute and chronic conditions.64 It consists of eight subscales that
can be scored individually: physical functioning, role-physical, bodily pain, general health,
vitality, social functioning, role-emotional, and mental health. Two overall summary scores, the
physical component score (PCS) and the mental component score (MCS) may also be
computed.

An increase in score for either of these questionnaires represents an improvement in HRQoL.
Among the 34 patients who reported PRO at 3 months, at the time of the primary analysis (8th
March 2017), 29 patients had a CR or PR, four patients had stable or progressive disease, and
one patient had unknown response.50 Clinically meaningful improvements had been observed in
FACT-Lym, FACT-TOI (Trial Outcome Index) and FACT-G total scores at the time of the primary
analysis, suggesting a clinically meaningful improvement in patient HRQoL.50 The majority of the
remaining FACT-Lym scores and subscales trended in the direction of improvement, although,
minimally clinically important difference (MCIDs) were not reached.50 Clinically meaningful
improvements in HRQoL were also observed in the general health, vitality, physical functioning
and role-physical subscales of SF-36 (although point estimates for physical functioning and rolephysical subscales exhibited wide variability), and the majority of the remaining SF-36 scores
and subscales trended in the direction of improvement, although MCIDs were not reached.50
Mean scores and mean changes from baseline at the time of the latest data cut-off date (8th
December 2017) are presented in Table 11 and Table 12, respectively. These improvements in
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FACT-Lym and SF-36 scores were generally well maintained at 12 months of follow-up in
responding patients.49
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Table 11: FACT-Lym scores and Change from Baseline for Main Cohort patients (Efficacy Analysis Set)
Subscales

Summary scores

Emotional
Well-Being

Functional
Well-Being

Physical
Well-Being

Social/
Family WellBeing

The Lym
Subscale

FACT-Lym
Trial
Outcome
Index

FACT-Lym
Total Score

FACT-G Total
Score (N=93)

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx
x

xxxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx
x

xxxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx
x

xxxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx
x

xxxxxxxxxxxx

Month 12 CfB (N)

xx

xx

xx

xx

xx

xx

xx

xx

Mean (SD)

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxx

x

x

x

x

x

x

x

x

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxx
x

xxxxxxxxxxxx

Month 18 CfB (N)

x

x

x

x

x

x

x

x

Mean (SD)

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxx

x

x

x

x

x

x

x

x

Baseline (N)
Mean (SD)
Month 3 (N)
Mean (SD)
Month 3 CfB (N)
Mean (SD)
Month 6 (N)
Mean (SD)
Month 6 CfB (N)
Mean (SD)
Month 12 (N)
Mean (SD)

Month 18 (N)
Mean (SD)

Month 24 (N)

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 51 of 162

Mean (SD)

xxxx

xxxx

xxxx

xxxx

xxxx

xxxxx

xxxxx

xxxxx

Baseline = The most current assessment on or prior to the date of enrolment. N for each time point is the number of patients with non-missing score at that time point. N for
change from baseline is the number of patients with non-missing score both at baseline and at that post-baseline visit.
Abbreviations: CfB: Change from Baseline; SD: standard deviation.
Source: JULIET Data on File (8th December 2017)49

Table 12: SF-36 scores and Change from Baseline for Main Cohort patients (Efficacy Analysis Set)
Subscales

Baseline (N)
Mean (SD)
Month 3 (N)
Mean (SD)
Month 3 CfB (N)
Mean (SD)
Month 6 (N)
Mean (SD)
Month 6 CfB (N)
Mean (SD)
Month 12 (N)
Mean (SD)
Month 12 CfB (N)
Mean (SD)
Month 18 (N)
Mean (SD)
Month 18 CfB (N)
Mean (SD)

Summary Scores

Bodily Pain

General
Health

Mental
Health

Physical
Functioning

RoleEmotional

RolePhysical

Social
Functioning

Vitality

xx

xx

xx

xx

xx

xx

xx

xx

Physical
Mental
Health Total Health Total
Score
Score
xx

xx

xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx xxxxxxxxxxxx
xx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx
xx
xxxxxxxxxxx
xx

xx

xx

xx

xx

xx

xxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx
xx

xx

xx

xx

xx

xx
xxxxxxxxxxx

xx

xx

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxxx

xx

xx

xx

xx

xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx

xxxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx
xx

xx

xxxxxxxxxxxx xxxxxxxxxxx
x

x

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

x

x

xx

xx

xx

xx

xxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx
x

x

x

x

xx

xx

xxxxxxxxxxx

xxxxxxxxxxx

x

xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxx
x

x

x

x

x

x

x

x

xxxxxxxxxxxx xxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx

xx
xxxxxxxxxxx

x
xxxxxxxxxxx

x

x

xxxxxxxxxx

xxxxxxxxxxx

Baseline = The most current assessment on or prior to the date of enrolment. N for each time point is the number of patients with non-missing score at that time point. N for
change from baseline is the number of patients with non-missing score both at baseline and at that post-baseline visit.
Abbreviations: CfB: Change from Baseline; SD: standard deviation.
Source: JULIET Data on File (8th December 2017)49
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Schuster 2017 (NCT02030834) (DLBCL patients only)
The clinical effectiveness results from the Schuster 2017 (NCT02030834) study are presented
below for the 14 DLBCL patients who received an infusion of tisagenlecleucel (7th May 2017 data
cut-off date; median follow up of 28.6 months [range: 3.5–37.9]).48
At 3 months, the ORR for DLBCL patients was 50% (7/14; 95%CI: 23, 77) and at 6 months, 43%
of patients had achieved a CR (6/14; 95% CI: 18, 71).48 Median DOR was not reached at the
data cut-off date (see Kaplan-Meier plot in Figure 13), with 86% of patients who had a response
(95% CI: 33, 98) maintaining their response.48 Kaplan-Meier plots for OS and PFS are presented
in Figure 14 and Figure 15. Median OS was 22.2 months (95% CI not reported) and median PFS
was 3.2 months (95% CI: 0.9, not reached), with 43% (95% CI: 18, 66) of patients being
progression-free at the time of the data cut-off date.48
Results from the Schuster 2017 (NCT02030834) study therefore provide supportive evidence of
the sustained response and long-term survival that can be achieved with tisagenlecleucel.
Figure 13: Kaplan-Meier plot of DOR for DLBCL patients in Schuster 2017 (NCT02030834)

Abbreviations: DLBCL: diffuse large B-cell lymphoma; DOR: duration of response
Source: Schuster et al. (2017) – Figure 1C48
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Figure 14: Kaplan-Meier plot of OS for DLBCL patients in Schuster 2017 (NCT02030834)

Abbreviations: DLBCL: diffuse large B-cell lymphoma; OS: overall survival
Source: Schuster et al. (2017) – Figure 1E48

Figure 15: Kaplan-Meier plot of PFS for DLBCL patients in Schuster 2017 (NCT02030834)

Abbreviations: DLBCL: diffuse large B-cell lymphoma; PFS: progression-free survival
Source: Schuster et al. (2017) – Figure 1A48

Subgroup analysis
At the time of the latest data cut (8th December 2017), response to tisagenlecleucel in the
JULIET trial was consistent across major demographic and prognostic subgroups,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, as shown in Figure 16.49
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49
Figure 16: ORR by IRC assessment – subgroup analyses for Main Cohort patients
(Efficacy Analysis Set)

Efficacy Analysis Set comprises patients who received tisagenlecleucel infusion at least 3 months prior to the data
cut-off date. The area of each box is proportional to the number of patients in the particular grouping. The 95% CIs
are exact Clopper-Pearson CIs calculated for each subgroup.
Molecular subtype: ABC subgroup corresponds to the non-GCB subtype determined by HANS algorithm based on
IHC, GCB corresponds to the GC subtypes determined by HANS algorithm based on IHC.
Time from most recent relapse to infusion: The median for most recent relapse to tisagenlecleucel infusion was 5.4
months.
Race and ethnicity: Due to small number of patients in other race categories (i.e., n=3 Asian, n=4 Black and n=1
Other), only White patient data were presented. None of the 81 patients in the EAS are Hispanic or Latino, therefore
all 81 patients were grouped into “Other” category for ethnicity.
Abbreviations: ABC: activated B-cell; CI: confidence intervals; EAS: efficacy analysis set; GC: germinal centre;
GCB: germinal centre B-cell; HSCT: hematopoietic stem cell transplantation; IHC: immunohistochemistry; IRC:
independent review committee; ORR: overall response rate.
Source: JULIET Data on File (8th December 2017)49

Meta-analysis
Due to the longer follow-up of the Schuster 2017 (NCT02030834) study (median follow-up was
28.6 months in the Schuster trial, compared with xxxx months in the JULIET trial at the 8th
December 2017 data cut-off) the pooling of data from both tisagenlecleucel trials was considered
for the purposes of increasing the overall sample size and allowing the use of the longest-term
follow-up data available within the cost-effectiveness analysis.
The feasibility of pooling the trials was assessed by taking into consideration the study design
and patient baseline characteristics.
Study design
The trial designs of JULIET and Schuster 2017 (NCT02030834) are considered comparable in
that both studies were single-arm and open-label, with patients receiving a single infusion of
tisagenlecleucel (1.0×108 to 5.0×108 viable cells) and the DLBCL patient populations were
generally consistent across both studies (see below for a comparison of baseline characteristics).
However, the studies were not identical in other respects. For example, the lymphodepleting
regimens differed between trials and a higher proportion of patients in the JULIET trial received
bridging chemotherapy whilst waiting for their tisagenlecleucel infusion. The studies also differ in
that JULIET is a multicentre, international trial with a large sample size (N=111), whereas
Schuster 2017 (NCT02030834) is a case-series study carried out at a single centre and included
14 DLBCL patients.
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Table 13: Comparison of JULIET and Schuster 2017 trial design and methodology
JULIET (NCT02445248)

Schuster 2017 (NCT02030834)

Number of sites

27 sites in 10 countries

1 US site

Dosing

Single infusion
The acceptable dose range was
considered as 1.0×108 to 5.0×108
viable tisagenlecleucel transduced
cells.

Single infusion
The acceptable dose range was
considered as 1.0×108 to 5.0×108
viable tisagenlecleucel transduced
cells.

Population

Adult DLBCL patients with r/r
disease after ≥2 lines of
chemotherapy and either failed
auto SCT or were ineligible for or
did not consent to autologous SCT

Adult DLBCL patients with
measurable disease after primary
or salvage chemotherapy and had
either relapsed after autologous
SCT or were ineligible for
autologous or allogeneic SCT
DLBCL and FL patients were
included with efficacy data reported
separately

Sample size

111 patients infused with
tisagenlecleucel

14 patients infused with
tisagenlecleucel (DLBCL)

Follow-up

Median OS follow-up: xxxx months
Maximum OS follow-up:
xxxxxmonths
(8th December 2017)

Median follow-up: 28.6 months
Maximum follow-up: 37.9 months
(7th May 2017)

Bridging
chemotherapy

Permitted and received by 102/111
(91.9%) of patients

Permitted and received by 10 out
of 28 tisagenlecleucel-infused
patients (including FL patients)

Lymphodepleting
chemotherapy

Recommended for those patients
with a white blood cell count >1000
cells/µL
Consisted of fludarabine (25
mg/m2 iv daily for 3 doses) and
cyclophosphamide (250 mg/m2 iv
daily for 3 doses starting with the
first dose of fludarabine) or
bendamustine 90 mg/m2 iv daily
for 2 days

Regimens were chosen by the
investigator on the basis of each
patient’s treatment history, blood
counts, and organ function.
Consisted of one of several
regimens (see Section B.2.3.1),
including fludarabine- and
cyclophosphamide-based
regimens

Abbreviations: DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; iv: intravenous; OS: overall
survival; r/r: relapsed/refractory; SCT: stem cell transplant.
Source: JULIET47, 49, 53 and Schuster et al. (2017)48

Patient baseline characteristics
The patient populations of the two studies are considered to be comparable to one another and
are both highly relevant to the decision problem addressed in this submission. In both trials
DLBCL patients were enrolled if they had r/r DLBCL after previous lines of systemic therapy (i.e.
measurable disease after primary and salvage chemotherapy in Schuster 2017 [NCT02030834])
and had either relapsed after autologous SCT or not be eligible for autologous SCT. Of those
DLBCL patients that received an infusion of tisagenlecleucel, the median number of prior
therapies was three in both studies and approximately half of patients had received prior SCT
(see Table 14). The baseline characteristics between the two studies were also generally
consistent in terms of age (median 56.0 years versus 58.0 years), ECOG performance status (0
or 1) and stage of disease.
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Table 14: Comparison of the baseline characteristics of the JULIET and Schuster 2017
(NCT02030834) studies
JULIET
(N=111)
(8th December 2017)

Schuster 2017
(N=14)

56.0 (22.0 - 76.0)

58.0 (25.0 - 77.0)

xxxxxxxxxx

11 (78.6%)

0

xxxxxxxxx

-

1

xxxxxxxxx

-

-

1 (0–1)

Age, (years)
Median (Range)
Male, n (%)
ECOG performance status, n
(%)

Median (range)
Disease stage, n (%)
Stage III

xxxxxxxxxx

Stage IV

xxxxxxxxxx

9 (64)

Disease status
Refractoryb
Refractory to last line
Prior SCT, n (%)

x

12 (85.7%)

xxxxxxxxxx

-

xxxxxxxxxx

7 (50.0%)

3.0 (1.0 - 6.0)

3.0 (1.0 - 8.0)

Number of previous lines of
therapies
Median (Range)
a

At initial diagnosis for patients in the JULIET trial. b Refractory DLBCL is defined as disease in which progressive
or stable disease is considered to be the best response to chemotherapy (with stable disease defined as disease
that is less than 12 months in duration after the patient has undergone at least four cycles of first-line therapy or
two cycles of second-line, third-line, or later therapy) or as relapse <12 months after auto SCT. Patients must have
received an anti-CD20 monoclonal antibody (unless they had negative test results for CD20) and an anthracycline
as one of their previous treatment regimens.
Abbreviations: DLBCL, diffuse large b-cell lymphoma; SCT, stem cell transplantation; PFS, progression-free
survival
Source: JULIET Data on File (8th December 2017)49, Borchmann et al. (EHA 2018),53 and Schuster et al. (2017)
– Table 148

Pooled analysis
Given the similarities in patient baseline characteristics and use of tisagenlecleucel
tisagenlecleucel (1.0×108 to 5.0×108 viable cells) between the two trials, the data from each trial
were combined directly without adjustment to derive the OS and PFS of tisagenlecleucel. The
pooled data were generated by combining the individual patient-level data (IPD) from the JULIET
trial (December 8th 2017 data cut-off date) and pseudo patient-level data for Schuster 2017
(NCT02030834), in the absence of available IPD from this study. The pseudo patient-level data
was derived from the published Kaplan-Meier curves and number of event information for DLBCL
patients reported in Schuster et al. (2017) using the algorithm described by Guyot et al. 2012.65
All DLBCL patients who had received an infusion of tisagenlecleucel were included in the pooled
analysis, producing a total of 125 patients (111 patients from the JULIET trial and 14 patients
from the Schuster 2017 (NCT02030834) study).
Median PFS from the pooled JULIET and Schuster 2017 (NCT02030834) data was xxxx months
(95% CI: xxxx, xxxx), and median OS was xxxxx months (95% CI: xxxx, xx), compared with xxx
and 3.2 months (PFS) and 11.7 and 22.2 months (OS) for the JULIET and Schuster 2017
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(NCT02030834) studies separately.48, 49, 53 Reconstructed survival curves based on the pooled
data are presented in Figure 17 and Figure 18 for PFS and OS.
Figure 17: Progression-free survival from the pooled analysis of JULIET and Schuster
2017 (NCT02030834)

Figure 18: Overall survival from the pooled analysis of JULIET and Schuster 2017
(NCT02030834)
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Indirect and mixed treatment comparisons
Summary of clinical evidence for comparator therapies








A systematic literature review for clinical trials and a comprehensive search of observational
studies was conducted to identify clinical evidence for treatments used for patients with r/r
DLBCL or aggressive NHL
Eyre 2016: The Eyre 2016 study provides real-world, observational data from the UK for
patients treated with pixantrone monotherapy since the NICE recommendation in TA30614, 18
o Data on patients who had received pixantrone from April 2014 to October 2015 were
collected across 31 sites in the UK14
o Patients included the study (N=90) had received a median of two prior therapies (range,
1.0–6.0) and all patients had received prior rituximab (with the exception of one patient
who received prior ofatumumab)14
According to clinicians in the UK, the survival outcomes reported in the Eyre 2016 study are
considered to be representative of patients treated in the third- and later-line settings in the UK
with current therapies, representing real-world effectiveness of pixantrone monotherapy.1, 2 The
data from Eyre 2016 are considered to be applicable to salvage chemotherapy and pixantrone
monotherapy, which are both given with palliative intent at these later lines of therapy and are
not felt by clinicians to differ in terms of the survival outcomes that may be expected1, 2
Other sources of clinical evidence identified in the systematic literature review included:
o SCHOLAR-1: a meta-analysis of patient-level data from four clinical studies which was
conducted to evaluate efficacy outcomes in patients with refractory DLBCL treated with
salvage chemotherapy (N=636).45 However, over a quarter of patients had received just
one prior therapy which is not consistent with the patient population of interest in this
appraisal.45 Furthermore, a relatively high proportion of patients had received
subsequent SCT (180/603 [29.9%]) in the overall population and the authors noted that
the long-term durable responses, representing the tail of the Kaplan-Meier curve of OS,
were primarily driven by those who received a subsequent SCT.45 Clinical experts
consulted as part of this submission do not believe that the rate of subsequent SCT or
the long-term OS seen in SCHOLAR-1 are representative of third- or later-line patients
receiving salvage chemotherapy in UK clinical practice.2
o PIX301: the pivotal trial for pixantrone monotherapy, which represented the primary
source of clinical evidence in the NICE appraisal of pixantrone monotherapy for patients
with aggressive B-cell NHL (TA306).18 In accordance with NICE TA306 and the
population of interest in this appraisal, the subgroup of patients with aggressive B-cell
NHL with histology confirmed by central review who had received prior rituximab and
were being treated in the third- or later-line setting (n=30 for pixantrone monotherapy
and n=26 for investigator’s choice of therapy) are considered to provide the most
relevant data from the PIX301 trial.18, 46 However, as a post-hoc analysis with relatively
small patient numbers in each treatment arm, the results from the subgroup analysis
should be interpreted with caution.18

Clinical effectiveness of comparator therapies





In the Eyre 2016 study, median OS and PFS were reported to be 3.4 months (95% CI: 2.7, 4.5)
and 2.0 months (95% CI: 1.5, 2.4), respectively14
As part of analyses conducted using the published data, median OS was 6.1 months (95% CI:
5.5, 6.8) in the pooled subgroup of patients in SCHOLAR-1 who were refractory to second- or
later-line therapy or who had relapsed ≤12 months after autologous SCT (i.e. excluding primary
refractory patients).
In the PIX301 trial, median OS and PFS for patients with histology confirmed by central review
who had received prior rituximab and were being treated in the third- or later-line setting were
6.0 months and 3.5 months, respectively, for patients receiving pixantrone monotherapy.46
Published Kaplan-Meier plots from the relevant subgroup were not available which presents
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additional challenges for the extrapolation of survival outcomes for this subgroup in costeffectiveness analyses46

Summary of clinical evidence for comparators from the systematic literature review
No randomised controlled trials (RCTs) that included tisagenlecleucel were identified in the SLR,
with the single-arm JULIET trial and Schuster 2017 (NCT02030834) case-series study
representing the primary sources of evidence for tisagenlecleucel as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.47-49 The clinical
inputs for the cost-effectiveness model are based on naïve, unadjusted comparisons of
tisagenlecleucel versus the relevant comparators, using appropriate efficacy data for the
comparator therapies.
Of those studies identified in the SLR for clinical trials and comprehensive review of
observational studies (see Appendix B), the most relevant sources of clinical evidence for the
comparator therapies were as follows:
Eyre 2016
The Eyre 2016 study is a retrospective, multicentre, observational study of patients with r/r
DLBCL from across the UK treated with pixantrone since the NICE recommendation in TA306,
and was identified from the comprehensive literature search for relevant observational studies.14,
18 The study is a highly relevant source of clinical evidence as it provides real-world data from
patients in the UK who have been treated recently with pixantrone monotherapy. UK clinicians
consulted as part of this submission recognise Eyre 2016 as the most representative source of
clinical evidence for the use of pixantrone in patients with multiply-relapsed r/r DLBCL and
consider the survival outcomes reported in the study to be applicable to patients in the third- and
later-line setting.1, 2 Clinical experts commented that the Eyre 2016 study is accepted as
demonstrating the real-world outcomes achieved with pixantrone monotherapy and that the
outcomes reported from PIX301 (see below) are no longer deemed to represent outcomes
achieved in UK clinical practice in this patient population.1, 2
As part of the study, 60 centres were approached, of which 33 had treated at least a single
patient. Data on 92 consecutive, unselected patients were collected from across 31 of these
sites. Two patients were excluded (one due to central nervous system [CNS] involvement at the
time of pixantrone use and the other due to inadequate data), and so 90 cases were included in
the final analysis. Patients received pixantrone from April 2014 to October 2015. The patient
population is largely consistent with the population of interest in this submission: the median
number of prior therapies was 2.0 (range: 1.0–6.0) and 99% of patients (89/90) had received
prior rituximab (the remaining patient received ofatumumab, another CD-20 targeting monoclonal
antibody). The study also reports Kaplan-Meier data for both OS and PFS, which allows more
straightforward incorporation of clinical data into the cost-effectiveness model. However, four
patients who were reported to have undergone Richter’s transformation (transformation of B cell
chronic lymphocytic leukaemia (CLL) or hairy cell leukaemia into DLBCL) and two patients who
had received prior allogeneic SCT were included in the analysis.14 These were both exclusion
criteria for the JULIET trial.47 Additionally, patients were older and tended to have higher IPI risk
score and higher ECOG performance status compared with the JULIET trial (see Table 15). UK
clinicians consulted as part of this submission stated that these patients (four patients who were
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reported to have undergone Richter’s transformation and two patients who had received prior
allogeneic SCT) would not have a significant impact in the final results of the study.
Given the relevance of the Eyre 2016 study to clinical practice (as supported by clinicians in the
UK), and the limitations associated with the alternative sources of clinical data which are
described below, the efficacy data from the Eyre 2016 study were considered in the base case
cost-effectiveness analysis (see Section B.3.3.2).
Alternative sources of clinical evidence for comparators
SCHOLAR-1
The SCHOLAR-1 meta-analysis is the largest patient-level pooled analysis to evaluate efficacy
outcomes (tumour response and OS) in patients with refractory DLBCL and has been used as a
source of comparator evidence in indirect comparison studies in refractory DLBCL.45, 66 For the
meta-analysis, patient-level data were pooled from two Phase III trials (Lymphoma Academic
Research Organization [LYSARC] Collaborative Trial in Relapsed Aggressive Lymphoma
[CORAL] study and Canadian Cancer Trials Group LY.12) and two observational cohorts (MD
Anderson Cancer Center [MDACC] and University of Iowa/Mayo Clinic Lymphoma Specialized
Program of Research Excellence [IA/MC]). Patients were included in the SCHOLAR-1 metaanalysis if they had refractory DLBCL defined as: progressive disease or stable disease as best
response at any point during chemotherapy (>4 cycles of first-line or 2 cycles of later-line
therapy) or relapsed ≤12 months of autologous SCT. Patients must also have received an antiCD20 monoclonal antibody and an anthracycline as one of the qualifying prior chemotherapy
regimens and patients with primary CNS lymphoma were excluded. For IA/MC, LY.12, and
CORAL, patients were included at first instance of meeting refractory criteria, whereas for
MDACC, patients who first met refractory criteria from second-line therapy onward were
included.
In total, 636 patients were included in the meta-analysis (170 from CORAL, 219 from LY.12, 82
from IA/MC, and 165 from MDACC), of which 523 were evaluated for response and 603 were
evaluated for OS.45 A summary of the salvage chemotherapy regimens used by patients included
in the SCHOLAR-1 meta-analysis is not reported in Crump et al. (2017). The outcomes reported
in the publication by Crump et al. (2017) from the SCHOLAR-1 meta-analysis were ORR and
OS.45 Unlike in the JULIET trial, which used the Lugano Classification, response to therapy in the
SCHOLAR-1 meta-analysis was determined using the 1999 International Working Group
response criteria, per local review for randomised studies and by investigator assessment for
observational studies.67
As the SCHOLAR-1 meta-analysis only included patients with refractory disease, it does not
consider patients who initially responded to and then relapsed to each prior line of therapy
(without ever being refractory to treatment). The SCHOLAR-1 population does not therefore
consider the full population of interest in this appraisal which includes both relapsed and
refractory patients. In the JULIET trial, xx% of patients had relapsed (rather than be refractory) to
their last line of therapy.49 Furthermore, a relatively high proportion number of patients in
SCHOLAR-1 received SCT following their salvage chemotherapy regimen (180/603 [29.9%])
compared to what is expected in UK clinical practice (see Section B.1.3.2) and the SCHOLAR-1
authors noted that the long-term durable responses observed in the analysis, which are
represented in the tail of the Kaplan-Meier curve of OS, were primarily driven by those who
received a subsequent SCT.45 The use of survival data from the SCHOLAR-1 analysis may
therefore considerably overestimate long-term OS (and mean OS) with salvage chemotherapy
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relative to UK practice, given that treatment with salvage chemotherapy in the third- or later-line
setting for the majority of patients in the UK is expected to be palliative (i.e. not as an induction
therapy for subsequent SCT).1, 2 Clinical experts consulted as part of this submission do not
believe that the rate of subsequent SCT or the long-term OS seen in SCHOLAR-1 are
representative of third- or later-line patients receiving salvage chemotherapy in UK clinical
practice.2
In addition, patients who were refractory to first-line therapy only (i.e. primary refractory) were
included in the SCHOLAR-1 meta-analysis, which is not consistent with the JULIET trial
population or the patient population being addressed in this appraisal (i.e. after two or more lines
of systemic therapy). Kaplan-Meier plots for OS are however reported by Crump et al. (2017)
separately for the following subgroups: primary refractory patients, refractory to second- or laterline therapy, and relapsed ≤12 months after autologous SCT.45 Of these, the latter two
subgroups are considered to be more relevant to the patient population of interest in terms of the
number of prior therapies and so are preferred to the overall population, but they still do not
account for the higher than expected rates of subsequent SCT and the consequent effect on
long-term OS. For the reasons detailed above, the SCHOLAR 1 analysis is not considered to
adequately reflect the patient population of interest and has not been used to underpin the base
case cost-effectiveness analysis (see Section B.3.3.2).
PIX301
The pivotal PIX301 trial was used as the primary source of clinical evidence in the NICE
appraisal of pixantrone monotherapy (TA306) and was the only pixantrone monotherapy trial
identified from the SLR conducted as part of this submission (see Appendix B).46, 68 However, the
overall trial population in PIX301 included a proportion of patients who had not received prior
rituximab (46% and 44% in each of the treatment arms), which is not reflective of clinical practice
in England, whereby patients typically receive rituximab for treatment of earlier stage disease
(see Section B.1.3.2), or the tisagenlecleucel trial populations, as prior treatment with rituximab
or an anti-CD-20 targeting monoclonal antibody were prerequisites for entry into the JULIET and
Schuster 2017 (NCT02030834) studies.47, 48, 68 Therefore, the post-hoc subgroup analysis of
patients with histology confirmed by central review, who had received prior rituximab and were
being treated in the third- or later-line setting (n=30 for pixantrone monotherapy and n=26 for
investigator’s choice [IC] of single agent chemotherapy) was considered to be the most relevant
source of evidence for pixantrone monotherapy for this submission.46 The use of this subgroup
(i.e. with prior rituximab) is consistent with the preferences of the Appraisal Committee in TA306
and the final guidance published by NICE for pixantrone monotherapy and is consistent with the
patient population being considered in this appraisal (i.e. relapsed or refractory after two or more
lines of systemic therapy).18 However, the results from the relevant subgroup should be
interpreted with caution given the post-hoc nature of the analyses and the small number of
patients in each treatment arm.46 According to clinicians in the UK consulted as part of this
submission, the Eyre 2016 study, which provides real-world evidence from r/r DLBCL patients
treated with pixantrone monotherapy since the NICE recommendation in TA306, is recognised as
providing a more realistic view of outcomes for patients in UK clinical practice.1, 2 Given the
availability of data from the Eyre 2016 study and the feedback from clinicians in the UK, the
PIX301 subgroup data were not considered for the base case cost-effectiveness analysis (see
Section B.3.3.2).
The outcomes reported for the relevant subgroup from the PIX301 trial include median OS and
PFS, as well as ORR.46 Kaplan-Meier curves were reported for PFS from both the overall PIX301
population (in Pettengell et al. [2012]) and from the subgroup of patients treated in the third- or
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fourth-line setting (in Pettengell et al. [2016]).46, 68 However, Kaplan-Meier curves for OS were
only reported for the overall PIX301 population and Kaplan-Meier curves for OS or PFS were not
reported for the subgroup of interest for this appraisal (i.e. those treated in the third- or later-line
setting).46, 68 This provides additional challenges for the extrapolation of survival outcomes in
cost-effectiveness analyses.
Baseline characteristics and clinical effectiveness results from the primary sources of
evidence for comparators
Baseline characteristics of patients included in the SCHOLAR-1 meta-analysis, the PIX301 trial
(histology confirmed by centralised review) and the Eyre 2016 study are presented in Table 15
alongside those for the 111 patients treated with tisagenlecleucel in the JULIET trial at the time of
8th December data cut-off date and the 14 DLBCL patients in the Schuster 2017 (NCT02030834)
study. Baseline characteristics from the PIX301 trial were not reported specifically for the
subgroup of patients who were also treated at third- or later-line and had received prior
rituximab.46
A summary of the clinical effectiveness results from the SCHOLAR-1 meta-analysis (overall
population and refractory subgroups), PIX301 (subgroup of patients with histology confirmed by
central review, being treated in the third- or later-line setting and having previously received
rituximab) and Eyre 2016 are presented in Table 16, alongside the results from the JULIET trial
(8th December 2017 cut-off date) and the Schuster 2017 (NCT02030834) study. As the
SCHOLAR-1 meta-analysis included patients who were refractory to first-line therapy only (i.e.
primary refractory), an attempt was made to derive survival data for the relevant SCHOLAR-1
refractory subgroups only (i.e. refractory to second- or later-line therapy [n=306], and relapsed
≤12 months after autologous SCT [n=118]).45 These two subgroups are considered to be more
closely aligned to the patient population of interest for this appraisal compared to the overall
population of SCHOLAR-1, as these patients would be expected to have received at least two
lines of prior systemic therapy. In summary, pooled data for these subgroups were generated by
directly combining (without adjustment) the pseudo patient-level data derived from the
corresponding Kaplan-Meier curves reported in Crump et al. (2017) using the algorithm
described by Guyot et al. 2012.45, 65 Median OS from the pooled SCHOLAR-1 subgroup IPD was
6.1 months (95% CI: 5.5, 6.8) (see Appendix J for the reconstructed Kaplan-Meier curve).
However, it should be noted that despite being consistent with the patient population of interest
for this appraisal in terms of prior number of therapies, the pooled subgroups still do not overlap
fully with the JULIET patient population given that only refractory patients were included in the
SCHOLAR-1 meta-analysis and the likely higher proportion of patients received subsequent
SCT.
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Table 15: Baseline characteristics of patients in the SCHOLAR-1 meta-analysis, PIX301 trial (histology confirmed by centralised review)a,
JULIET trial and Schuster 2017 (NCT02030834) study
Characteristic

PIX301
Eyre 2016

JULIET
(N=111)b

Schuster 2017
(NCT02030834)
(N=14)

58.0 (26–77)

65.9 (20.3–
85.9)

56.0 (22.076.0)

58.0 (25.0 77.0)

62

51.1

66

xxxx

11 (78.6%)

73

-c

-c

46

xxx

100

14

-

c

-

c

54

x

-

-

c

-

c

0

x

-

SCHOLAR-1
(N=623)

Pixantrone
monotherapy (n=50)

IC
(n=47)

55 (19–81)

60.0 (28–80)

Male, %

64

ECOG performance status, %
0 or 1

Age (years), median (range)

2−4
Missing
Predominant histology/ cytology/
primary diagnosis, %
DLBCL

13

87

82.0

87.2

63

xxxx

-

Transformed lymphoma /
Transformed follicular lymphoma

2

14.0

10.0

33d

xxxxx

-

PMBCL

4

-

-

-

-

-

Intermediate/missing

1

-

-

-

-

-

Richter’s Transformation

-

-

-

4d

-

-

Other

-

4.0f

2.1f

-

xxx

-

Stage I or II

27

26.0

25.5

10

xxxxx

-

Stage III or IV

72

74.0

74.5

90

xxxxx

9 (64)

Missing

<1

-

-

-

xxxx

-

-

-

-

-

xxxx

-

<2 risk factors

25

24.0

27.7

6i

xxxx

-

≥2 risk factors

-

76.0

72.3

-

xxxx

-

Disease stage, %

Unknown
IPI, %
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Characteristic

SCHOLAR-1
(N=623)

PIX301
Pixantrone
monotherapy (n=50)

IC
(n=47)

Eyre 2016

JULIET
(N=111)b

Schuster 2017
(NCT02030834)
(N=14)

Low-intermediate risk (2 points)

24

-

-

21

x

-

High-intermediate risk (≥3 points)

33

-

-

73

x

-

18

-

-

-

x

-

Primary refractory

28

-

-

-

-j

Refractory to ≥2nd line therapy

50

-

-

-

-j

Relapsed ≤12 months postautologous SCT

22

-

-

-

-

-

3.0 (2–9)

3.0 (2–8)

2.0 (1.0–6.0)

-

28

-

-

-

-l

-

-

-

l

-

-

l

-

-

l

-

m

-m

Missing or incompletely assessed
Refractory category, %

Median number of prior lines of
therapy (range)

12 (86)k

3.0 (1.0 - 8.0)

Total number of lines of
chemotherapy and autologous SCT
received, %
1
2
3

49
<1

≥4
Previous rituximab, %

-

m

-k
60.0

-k
55.3

a

99

-

Baseline characteristics were not reported specifically for the subgroup of patients who were also treated at third- or later-line and had received prior rituximab. b Includes all
patients infused with tisagenlecleucel at the time of the 6th September 2017 data cut-off date. c Patients were eligible if they had ECOG 0–2. d One patient had previous chronic
lymphocytic leukaemia and follicular lymphoma. e Transformed lymphoma only. f Grade III follicular lymphoma. g Equals the sum of patients who were stage I (xxx%) and stage
II (xxxx%) at initial diagnosis. h Equals the sum of patients who were stage III (xxxx%) and stage IV (xxxx%) at initial diagnosis. i Data not available in a single patient. j Reported
in the JULIET trial as patients who were refractory to all lines prior to HSCT (n=xxx%), refractory to all lines without prior HSCT (n=xxxx%), refractory to last line but not all lines
with prior HSCT (n=xxxx%), and refractory to last line but not all lines without prior HSCT (n=xxxx%) (total xxxx%). k Refractory diffuse large B-cell lymphoma is defined as
disease in which progressive or stable disease is considered to be the best response to chemotherapy (with stable disease defined as disease that is less than 12 months in
duration after the patient has undergone at least four cycles of first-line therapy or two cycles of second-line, third-line, or later therapy) or as relapse <12 months after autologous
stem-cell transplantation. Patients must have received an anti-CD20 monoclonal antibody (unless they had negative test results for CD20) and an anthracycline as one of their
previous treatment regimens. l Reported as the number of prior lines of anti-neoplastic therapy in the JULIET trial: 1 (xxx%), 2 (xxxx%), 3 (xxxx%), 4 (xxxx%), 5 (xxx%) and 6
(xxx%) and PIX301 trial: 2 or 3 (pixantrone: 78.0% and IC: 83.0%). m Prior rituximab was specified in the eligibility criteria for inclusion in the SCHOLAR-1 meta-analysis and
JULIET trial.
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Abbreviations: ECOG: Eastern Cooperative Oncology Group; HSCT: haematopoietic stem cell transplantation; IC: investigator’s choice; IPI: International Prognostic Index;
SCT: stem cell transplant.
Source: Crump et al. (2017) – Table 1,45 Pettengell et al. (2016) – Table 1,46 Eyre et al. (2016) – Table 1,14JULIET Data on File (8th December 2017),49 Borchmann et al. (EHA
2018)53 and Schuster et al. (2017) – Table 1.48

Table 16: Clinical effectiveness results from the relevant comparator trials
SCHOLAR-1 meta-analysis
(salvage chemotherapy)

PIX301 post-hoc
subgroup analysisa

Pixantrone
monotherapy

IC

JULIET
(tisagenlecleucel)

Schuster 2017
(NCT02030834)
(tisagenlecleucel)

Overall
population

Primary
refractory

ORR,
n/N (%)

- (26)

- (20)

- (26)

- (34)

9/20 (45.0)

2/18
(11.1)

- (24)

48/93 (51.6)

7/14 (50)

CR, n/N
(%)

- (7)

- (3)

- (10)

- (15)

6/20 (30.0)

1/18
(5.6)

- (10)

37/93 (39.8)

-

N

603

179

306

118

20

18

90

111

14

Median
OS,
months
(95% CI)

6.3 (5.9,
7.0)

7.1 (6.0,
8.1)

6.1 (5.2,
7.0)

6.2 (5.2,
7.6)

6.0 (-)

4.6 (-)

3.4 (2.7, 4.5)

11.7 (6.6, NE)

22.2 (-)

Median
PFS
(95% CI)

-

-

3.5 (-)

2.3 (-)

2.0 (1.5, 2.4)

xxxxxxxxxxxxxx

3.2 (0.9, not
reached)

Outcome

Relapsed
≤12
months
after
autologous
SCT

Eyre 2016
(UK
observational;
pixantrone
monotherapy)

Refractory
to
secondor laterline of
therapy

6.1 (5.5, 6.8)b
-

-

a

Histology confirmed by central review, had received prior rituximab and were being treated in the third- or later-line setting
Derived from the pooled pseudo-IPD (without adjustment) from the refractory to second- or later-line of therapy and relapsed ≤12 months after autologous SCT subgroups (i.e.
excluding patients who were primary refractory on inclusion in the SCHOLAR-1 analysis)
Abbreviations: CI: confidence intervals; CR: complete response; IC: investigator’s choice; IPD: individual patient-level data; NE: not estimable; ORR: objective response rate;
OS: overall survival; PFS: progression-free survival; SCT: stem cell transplantation.
Sources: Crump et al. (2017) – Table 2 and Figure 3A and 3B45, Pettengell et al. (2016) – Table 346, Eyre et al. (2016)14, JULIET Data on File (8th December 2017),49 Borchmann
et al. (EHA 2018)53 and Schuster et al. (2017).48
b
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Clinical evidence for comparators used in the cost-effectiveness analysis
Clinical evidence used in the cost-effectiveness analysis was based on naïve, unadjusted
comparisons of tisagenlecleucel versus comparator data. In selecting the most appropriate
source of comparator data for the model, consideration was given to how well the patient
population aligned with the patient population of interest for this appraisal (e.g. in terms of prior
number of therapies and factors reflecting clinical practice, such as prior rituximab use and
subsequent SCT), and how closely the outcome reported from these studies matched the
expectations of clinicians for patients treated with current therapies in UK clinical practice.
The feedback received from UK clinicians was that the survival outcomes from the Eyre 2016
study were considered to be more representative of patients in the UK treated with current
therapies in the third- and later-line setting rather than the PIX301 subgroup data and the
SCHOLAR-1 meta-analysis.1, 2, 14 The clinicians recognised the data from Eyre 2016 as being
more relevant to the UK compared to the PIX301 trial when considering pixantrone efficacy, and
particularly noted the strengths of this study as a UK-based, real-world study.1, 2 Clinicians also
believed the Eyre 2016 data to be applicable to expected outcomes with salvage chemotherapy,
given that both salvage chemotherapy and pixantrone are provided with palliative intent only in
the third- and later-line setting, and clinicians expect them to achieve similar outcomes.1, 2 In the
PIX301 subgroup analysis, pixantrone monotherapy had demonstrated similar survival to the trial
comparator arm of investigator’s choice of single-agent chemotherapy (hazard ratio for OS 0.85,
95% CI: 0.48, 1.50), suggesting that an assumption of similar efficacy between pixantrone and
salvage chemotherapy regimens (albeit single-agent chemotherapy in the PIX301 trial) as
palliative treatments in the third- and later-line setting may be plausible.68
Finally, the lower median OS reported in Eyre 2016, when compared to the other efficacy
sources, is more consistent with that of patients who were enrolled in the JULIET trial but did not
receive a tisagenlecleucel infusion (median OS: xxx months; 95% CI: xxxxxxxx; n=xx) from the
time of enrolment.62 Those in the JULIET trial who were unable to receive a tisagenlecleucel
infusion would have been expected to go on to receive the available standard of care in their
local setting and therefore this estimate potentially provides an indication of the outcomes that
patients might achieve on current standard of care.
In contrast, the SCHOLAR-1 study was associated with outcomes that clinicians considered to
be too optimistic for the relevant patient population in clinical practice. As recognised by the
authors of the analysis, the long-term survival observed in the analysis was likely driven by the
high use of subsequent SCT in this study (180/603 patients in the analysis of OS).45 No
subsequent SCT was reported in either PIX301 or Eyre 2016 and
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, and clinicians
consulted as part of this submission do not believe that the rate of subsequent SCT or the longterm OS seen in SCHOLAR-1 are representative of third- or later-line patients receiving salvage
chemotherapy in UK clinical practice.2, 46, 49, 68 In addition, the SCHOLAR-1 study population
included patients who were refractory to first-line therapy only. Taken together, it was therefore
considered a less relevant source for estimating outcomes for patients receiving salvage
chemotherapy in the third- and later-line setting in UK clinical practice.
The use of the PIX301 study was limited by the availability of Kaplan-Meier plots in the relevant
subgroup (which provides challenges for the extrapolation of survival data in a cost-effectiveness
analysis), and the high proportion of patients who had not received prior rituximab in the overall
population (for which Kaplan-Meier curves are available).46, 68 The robustness of the results from
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the relevant subgroup is also limited by the relatively small number of patients in each treatment
arm and the post-hoc nature of these analyses.46 Furthermore, given the data reported in the
Eyre 2016 study, clinicians in the UK do not recognise the survival outcomes from the PIX301
study to be representative of patients treated with pixantrone monotherapy in UK clinical
practice.1, 2
As a source of real-world evidence from patients treated in the UK, which reports outcomes that
are considered to be applicable across all comparators, the Eyre 2016 study was used to inform
comparator efficacy in the base case cost-effectiveness analysis. To fully explore the alternative
sources of evidence for comparator efficacy, survival data from the relevant subgroups of the
PIX301 trial (i.e. patients with histology confirmed by central review who had received prior
rituximab and were being treated in the third- or later-line setting) and the SCHOLAR-1 metaanalysis (i.e. pooled subgroups excluding primary refractory patients) were also utilised as part of
scenario analyses. Full details of the approaches used to derive clinical inputs for the model for
the base case analysis and scenario analyses are provided in Section B.3.3.2.

Uncertainties in the indirect and mixed treatment comparisons
No adjusted indirect treatment comparison has been presented as part of this submission.
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Adverse reactions
Summary of JULIET safety analysis (8th December 2017)

















AEs were reported
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx47, 49
Adverse events were generally manageable by appropriately trained site staff utilising protocol
defined management guidelines, and safety events were reversible in the majority of cases49
Cytokine release syndrome (CRS) was the most frequently reported AE (xxxx% all grades,
13.5% Grade 3 and 8.1% Grade 4); no deaths were due to CRS49, 53
o With the exception of 1 patient in whom the time to onset was 51 days, CRS occurred
1–9 days post-tisagenlecleucel infusion (median: 3 days) and the median duration of
CRS was xxx days (range: xxxx days)49
xxxxxxxxxxxx patients (xxxx% of patients with CRS) were admitted to the intensive care unit
(ICU) for a median duration of xxx days (range: xxxx days). xxxxxxxx patients (xxxx% of
patients with CRS) were treated with systemic anti-cytokine therapy such as tocilizumab or
corticosteroids47, 49Other frequent adverse events (any grade; all causality) (≥25%) included
anaemia (xxxx%), pyrexia (xxxx%), neutrophil count decreased (xxxx%), platelet count
decreased (xxxx%), white blood cell count decreased (xxxx%), diarrhoea (xxxx%), nausea
(xxxx%), hypotension (xxxx%) and fatigue (xxxx%).49
Other frequent Grade 3 adverse events (all causality) (>10%) included anaemia (xxxx%),
hypophosphataemia (xxxx%), white blood cell count decreased (xxxx%) and febrile
neutropaenia (xxxx%), whilst the most frequent Grade 4 adverse events (all causality) (>10%)
included neutrophil count decreased (xxxx%), platelet count decreased (xxxx%), white blood
cell count decreased (xxxx%) and neutropaenia (xxxx%)49
The majority of patients (xxxx%) had AEs suspected to be study drug related and the most
frequent study drug-related AEs (in ≥ 20% of patients) were CRS (xxxx%), pyrexia (xxxx%) and
hypotension (xxxx%)49
Among the 111 patients who had received tisagenlecleucel infusion at the time of the 8th
December 2017 data cut-off, xx (xxxx%) patients had died. Three deaths (2.7%) occurred
within 30 days post-tisagenlecleucel infusion, each due to DLBCL disease progression49, 53
AEs of special interest (AESI), based on the tisagenlecleucel mechanism of action/known
targets and the safety profile observed in completed and ongoing clinical studies with
tisagenlecleucel, included CRS (xxxx%), tumour lysis syndrome (xxx%), febrile neutropaenia
(xxxx%), infections (xxxx%), neurological events (xxxx%) and haematopoietic cytopaenias not
resolved by Day 28 (xxxx%)
Additionally, xxxx% experienced at least one AE during the lymphodepleting period (i.e.
following lymphodepleting chemotherapy and before administration of tisagenlecleucel)49

Summary of Schuster 2017 (NCT02030834) safety analysis







Safety was analysed across all patients in the study (N=28; DLBCL and FL)
CRS was also the most frequently reported AE (57% of patients [any grade])
o Five patients had severe CRS (≥ grade 3). One patient was treated with
tocilizumab, but no patients received glucocorticoids, and no deaths from CRS
occurred48
Eleven patients had neurologic toxic effects related to tisagenlecleucel. Effects ranged from
mild cognitive disturbance to global encephalopathy (grade 3 or higher); three patients had
encephalopathy of grade 3 or higher48
Adverse reactions were consistent with those observed in JULIET trial
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JULIET (NCT02445248)
The safety of tisagenlecleucel was evaluated in the JULIET trial as a secondary objective.
Treatment dosage
For the JULIET trial, the protocol-specified dose of tisagenlecleucel for adult patients consisted of
a single infusion of 5.0×108 viable tisagenlecleucel transduced cells, which were administered via
iv infusion. The acceptable dose range was considered as 1.0×108 to 5.0×108 viable
tisagenlecleucel transduced cells.
All patients who received tisagenlecleucel in the JULIET trial received a single infusion of
tisagenlecleucel on Day 1. At the 8th December 2017 data cut-off date, the median
tisagenlecleucel dose infused was xxxxxxxx cells (range: xxxx to xxxxxxxx).49
Table 17: Tisagenlecleucel dose administration (Safety Set) (8th December 2017)
Description

All patients (N=xxx)

Tisagenlecleucel dose categorised: n (%)a
Below protocol-specified dose range

xxxxxxxx

Within protocol-specified dose range

xxxxxxxxxx

Above protocol-specified dose range

xxxxxxxx

Tisagenlecleucel dose infused (108 cells)
Mean (SD)
Median (range)

xxxxxxxxxxxx
xxxxxxxxxxxxxxxx

Safety Set comprises all patients who received infusion of tisagenlecleucel.
a The protocol-specified target dose range is 1.0 to 5.0×108 tisagenlecleucel cells. b xxxxxxx cells, as reported at
the 8th March 2017 data cut-off date.47 c xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, respectively, as reported at the
8th March 2017 data cut-off date.47
Abbreviations: SD: standard deviation.
Source: JULIET Data on File (8th December 2017)49

Safety analysis
A summary of the principal safety results from the JULIET trial (primary analysis and 8th
December 2017 data cut-off date) is presented in Table 18.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx at the time
of the 8th December 2017 data cut-off date.49
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.47, 49
Among the 111 patients who had received tisagenlecleucel infusion at the time of the 8th
December 2017 data cut-off, xx (xxxx%) patients had died.49 Three deaths (2.7%) occurred
within 30 days post-tisagenlecleucel infusion, each due to DLBCL disease progression.53
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, xxxxxxxxxxxxxxx,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, and
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49
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Table 18: Overall summary of adverse events in the relevant clinical trials (Safety Set)
Number of patients with at least
one AE, n (%)
Deaths
Within 30 days post-infusion
>30 days post-infusion

Primary analysis (N=99)a

8th December 2017
(N=111)

29 (29.3)

xxxxxxxxx

xxxxxxx

3 (2.7)

xxxxxxxxx

xxxxxxxxx

Any grade

Grade 3 or 4

Any grade

Grade 3 or 4

All causality AEs

xxxxxxxxx

85 (85.9)

xxxxxxxxx

xxxxxxxxx

AEs related to study treatment

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

SAEs

xxxxxxxxx

-

xxxxxxxxx

-

Any time post-infusion

Grade 3 or 4

Grade 3 or 4

All causality AEs

xxxxxxxxx

xxxxxxxxx

AEs related to study treatment

xxxxxxxxx

xxxxxxxxx

SAEs

xxxxxxxxx

xxxxxxxxx

b

xxxxxxxxx

xxxxxxxxx

xxxx

xxxx

All causality AEs

xxxxxxxxx

xxxxxxxxx

AEs related to study treatment

xxxxxxxxx

xxxxxxxxx

SAEs

xxxxxxxxx

xxxxxxxxx

Within 8 weeks of infusion

AESI

>8 weeks of infusion

b,c

AESI

-

xxxxxxxxx
a

Safety Set comprises all patients who received infusion of tisagenlecleucel. Data cut-off date: 8th March 2017.
b The selection of AESI was based on tisagenlecleucel mechanism of action/known targets and the safety profile
observed in completed and ongoing clinical studies with tisagenlecleucel. c Data shown for time period >8 weeks
up to 1 year post-tisagenlecleucel infusion
Abbreviations: AE: adverse event; AESI: adverse events of special interest; SAE: serious adverse event.
Source: JULIET Interim Clinical Study Report (10th October 2017) – Table 12-6,47 JULIET Data on File (8th
December 2017)49 and Borchmann et al. (EHA 2018)53

Adverse events during pre-treatment and during the lymphodepleting period
A total of 105 patients received lymphodepleting chemotherapy, and the majority (xxxx%)
presented with at least one AE during the lymphodepleting period, with Grade 3 and 4 AEs
reported by xxxx% and xxxx% of patients, respectively.49 The most frequently reported AEs
(≥10%) during the lymphodepleting period, regardless of relationship to lymphodepleting
chemotherapy, were nausea (xxxx%), anaemia (xxxx%), white blood count decreased (xxxx%),
neutrophil count decreased (xxxx%) and fatigue (xxxx%).49 xxxx patients (xxx%) had AEs during
the lymphodepleting period suspected to be related to lymphodepleting chemotherapy.49 The
AEs and serious adverse events (SAEs) reported during the lymphodepleting period were
consistent with those anticipated due to current and prior antineoplastic treatments and due to
the underlying r/r lymphoma.
Adverse events post-infusion of tisagenlecleucel
At the time of the latest data cut (8th December 2017), cytokine-release syndrome (CRS) was the
most frequent AE, occurring in xxxx% of tisagenlecleucel-infused patients (xxxx% Grade 3 and
xxx% Grade 4).49 Other frequent adverse events (any grade; all causality) (≥25%) included
anaemia (xxxx%), pyrexia (xxxx%), neutrophil count decreased (xxxx%), platelet count
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decreased (xxxx%), white blood cell count decreased (xxxx%), diarrhoea (xxxx%), nausea
(xxxx%), hypotension (xxxx%) and fatigue (xxxx%).49 A summary of all-cause AEs is presented
in Table 19.
AEs were reported
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49 The most frequently (≥ 10%) reported AEs
from 8 weeks to 1 year post tisagenlecleucel infusion were anaemia (xxxx%), neutrophil count
decreased (xxxx%), and fatigue (xxxx%).49 Most frequently reported Grade 3 AEs after 8 weeks
post-tisagenlecleucel were anaemia (xxx%), white blood cell count decreased (xxx%),
hypokalaemia (xxx%), neutropaenia (xxx%) platelet count decreased (xxx%) and
thrombocytopaenia (xxx%), whereas most frequently reported Grade 4 AEs were neutrophil
count decreased (xxx%), neutropaenia (xxx%), platelet count decreased (xxx%), white blood cell
count decreased (xxx%), and thrombocytopaenia (xxx%).49 Other Grade 3 or 4 AEs after 8
weeks post-tisagenlecleucel were reported in xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49
Table 19: Summary of all-cause adverse events in ≥10% patients in the JULIET trial (Safety
Set) at the time of the latest data cut-off (8th December 2017)
Number of patients with at least one AE, n
(%)

All patients (N=111)
All grades
n (%)

Grade 3
n (%)

Grade 4
n (%)

xxxxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Cytokine release syndrome

xxxxxxxxx

xxxxxxxxxx

xxxxxxx

Anaemia

xxxxxxxxx

xxxxxxxxxx

xxxxxxx

Pyrexia

xxxxxxxxx

xxxxxxxx

x

Neutrophil count decreased

xxxxxxxxx

xxxxxxxx

xxxxxxxxxx

Platelet count decreased

xxxxxxxxx

xxxxxxxx

xxxxxxxxxx

White blood cell count decreased

xxxxxxxxx

xxxxxxxxx

xxxxxxxxxx

Diarrhoea

xxxxxxxxx

xxxxxxx

x

Nausea

xxxxxxxxx

xxxxxxx

x

Hypotension

xxxxxxxxx

xxxxxxx

xxxxxxx

Fatigue

xxxxxxxxx

xxxxxxx

x

Headache

xxxxxxxxx

xxxxxxx

x

Hypokalaemia

xxxxxxxxx

xxxxxxx

x

Neutropaenia

xxxxxxxxx

xxxxxxx

xxxxxxxxx

Cough

xxxxxxxxx

x

x

Dyspnoea

xxxxxxxxx

xxxxxxx

x

Hypomagnesaemia

xxxxxxxxx

x

x

Hypophosphataemia

xxxxxxxxx

xxxxxxxxx

x

Constipation

xxxxxxxxx

xxxxxxx

x

Febrile neutropaenia

xxxxxxxxx

xxxxxxxxx

xxxxxxx

Oedema peripheral

xxxxxxxxx

xx

x

Chills

xxxxxxxxx

xx

x

Thrombocytopaenia

xxxxxxxxx

xxxxxxx

xxxxxxxx

Decreased appetite

xxxxxxxxx

xxxxxxx

x

Dizziness

xxxxxxxxx

x

x

All AEs
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Upper respiratory tract infection

xxxxxxxxx

xxxxxxx

x

Anxiety

xxxxxxxxx

xxxxxxx

x

Blood creatinine increased

xxxxxxxxx

xxxxxxx

x

Tachycardia

xxxxxxxxx

xxxxxxx

x

Weight decreased

xxxxxxxxx

xxxxxxx

x

Safety Set comprises all patients who received infusion of tisagenlecleucel.
Abbreviations: AE: adverse event.
Source: JULIET Data on File (8th December 2017)49

The majority of patients (xxxx%) had AEs suspected to be study drug related; a summary of
these events is presented in Table 20. The most frequent study drug-related AEs (in ≥20% of
patients) were CRS (xxxx%), pyrexia (xxxx%) and hypotension (xxxx%).49 The most frequent
study drug-related Grade 4 AEs (≥5% of patients) were neutrophil count decreased (xxxx%),
platelet count decreased (xxxx%), white blood cell count decreased (xxx%) and CRS (xxx%). xxx
patients had infusion-related reactions with tisagenlecleucel.49
Table 20: Summary of adverse events suspected to be study drug related in ≥10% of
patients in the JULIET trial (Safety Set) at the time of the latest data cut-off (8th December
2017)
Number of patients with at least one AE, n
(%)

All patients
N=111
All grades
n (%)

Grade 3
n (%)

Grade 4
n (%)

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Cytokine release syndrome

xxxxxxxxx

xxxxxxxxx

xxxxxxx

Pyrexia

xxxxxxxxx

xxxxxxx

x

Hypotension

xxxxxxxxx

xxxxxxx

xxxxxxx

Neutrophil count decreased

xxxxxxxxx

xxxxxxx

xxxxxxxxx

Anaemia

xxxxxxxxx

xxxxxxxxx

xxxxxxx

Platelet count decreased

xxxxxxxxx

xxxxxxx

xxxxxxxxx

White blood cell count decreased

xxxxxxxxx

xxxxxxx

xxxxxxxx

Fatigue

xxxxxxxxx

xxxxxxx

x

Febrile neutropaenia

xxxxxxxxx

xxxxxxxxx

xxxxxxx

All AEs suspected to be study drug related

Safety Set comprises all patients who received infusion of tisagenlecleucel. A patient with multiple occurrences of
an AE is counted only once in the AE category at the maximum toxicity grade.
Abbreviations: AE: adverse event
Source: JULIET Data on File (8th December 2017)49

Adverse events of special interest
The selection of AEs of special interest (AESI) was based on tisagenlecleucel mechanism of
action/known targets and the safety profile observed in completed and ongoing clinical studies
with tisagenlecleucel.47 The current defined AESI for tisagenlecleucel include CRS, tumour lysis
syndrome, neutropeanic fever, cytopaenia >28 days (that is, cytopaenias not resolving by Day 28
post-tisagenlecleucel infusion), drop in cardiac ejection fraction, neurological events, hepatic
events, and infections.47 Based on current clinical experience, AESI typically occur and resolve
within 8 weeks of tisagenlecleucel infusion.47 AESI after 8 weeks post-tisagenlecleucel infusion
included febrile neutropeania (xxx%), infections (xxxx%) and neurological events (xxx%).49 AESI
reported 1-year post-tisagenlecleucel infusion included infections (xxxx, xxxx%), and neurological
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events (xxxx, xxx%).49 A summary of the AESI reported in the JULIET trial are presented in
Table 21.
Table 21: Summary of adverse events of special interest in the JULIET trial (Safety Set) at
the time of the latest data cut-off (8th December 2017)
Group term

8th December 2017
(N=xxx)
All grades
n (%)

Grade 3
n (%)

Grade 4
n (%)

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xx (13.5)

x (8.1)

xxxxxxx

xxxxxxx

x

Febrile neutropaenia

xxxxxxxxx

xxxxxxxxx

xxxxxxx

Infections

xxxxxxxxx

xxxxxxxxx

xxxxxxx

Neurological events

xxxxxxxxx

xxxxxxxx

xxxxxxx

Haematopoietic cytopaenias not resolved
by Day 28

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Number of patients with at least one AE, n
(%)
Cytokine release syndrome
Tumour lysis syndrome

Safety Set comprises all patients who received infusion of tisagenlecleucel.
Abbreviations: AE: adverse event
Source: JULIET Data on File (8th December 2017)49 and Borchmann et al. (EHA 2018)53

Of the 111 patients infused with tisagenlecleucel at the 8th December 2017 data cut-off, xx
patients (xxxx%) had CRS.49 CRS was mostly Grade 1 or 2 (n=xx), xx patients had Grade 3
(n=xx, 13.5%) or Grade 4 (n=x, 8.1%) CRS and no deaths were due to CRS.49, 53
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxtisagenlecleucel xxxxxxxxxxxxxxxxxxxxxxxxx and was similar in patients with CR
(xxx days), PR (xxx days), SD (xxx days) and progressive disease (xxx days).49
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49
Among the xx patients with CRS, the median duration of CRS was xxx days (range: xxxx days).
49 xxxxxxxxxxxx patients (xxxx% of patients with CRS) were admitted to the intensive care unit
(ICU) for a median duration of xxx days (range: xxxx days).49 xxxxxxxx patients (xxxx% of
patients with CRS) were treated with systemic anti-cytokine therapy such as tocilizumab or
corticosteroids. xxxxxxxxx patients (xxxx%) received tocilizumab (one or two doses in xxx and
xxx patients, respectively) and xxxxxx patients (xxxx%) received corticosteroids.49 Neurological
events within 8 weeks post-tisagenlecleucel infusion were reported in xx patients (xxxx%); Grade
3 events were reported in xxx% of patients and Grade 4 events in xxx%.49 The most frequently
reported events were confusional state (xxx%), encephalopathy (xxx%), and dysphagia (xxx%).49
The majority of neurological events resolved without specific intervention. Further details of CRS
and neurological events at the time of the latest data cut-off (8th December 2017) are presented
in Appendix D.

Schuster (NCT02030834) (DLBCL and FL patients; N=28 infused with
tisagenlecleucel)
The Schuster 2017 (NCT02030834) study also evaluated the safety of tisagenlecleucel. Data
presented below are for all patients treated with tisagenlecleucel, including both DLBCL (N=14)
and FL (N=14) patients.48
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The median tisagenlecleucel dose infused was 5.00 x108 (range: 1.79 x108 to 5.00 x108), and the
median tisagenlecleucel dose per kilogram of body weight was 5.79 x106 (range: 3.08 x106 to
8.87 x106).48
Safety analysis
Five patients had severe cytokine-release syndrome (CRS; defined as grade 3 or higher). One
patient was treated with tocilizumab, had a rapid reversal of symptoms, and had a complete
response to treatment. No patients received glucocorticoids, and no deaths from CRS
occurred.48
Eleven patients had neurologic toxic effects related to tisagenlecleucel. Effects ranged from mild
cognitive disturbance to global encephalopathy (grade 3 or higher); three patients had
encephalopathy of grade 3 or higher. With the exception of those in one patient, the neurologic
symptoms were self-limiting and resolved fully within 1 week. In all patients who underwent brain
imaging and whose spinal fluid was evaluated for neurotoxicity, neither cerebral oedema nor
infection was detected.48
Adverse events of special interest that may at least possibly be related to tisagenlecleucel
therapy are shown in Table 22.48 The details of all adverse events reported in Schuster 2017
(NCT02030834) are presented in Appendix D.
Table 22: Summary of adverse events of special interest that may have been related to
tisagenlecleucel therapy in Schuster 2017 (NCT02030834)
Number of patients (DLBCL and FL) who
experience an adverse event

Grade

Grade 3 or
higher
n (%)

1

2

3

4

5

All grades
n (%)

0

11

4

1

0

16 (57)

5 (18)

4

4

1

1

1

11 (39)

3 (11)

Encephalopathy

0

0

1

1

1

3

-

Delirium

0

2

0

0

0

2

-

Tremor

2

0

0

0

0

2

-

Cognitive disturbance

1

0

0

0

0

1

-

Confusion

0

1

0

0

0

1

-

Involuntary movements

1

0

0

0

0

1

-

Memory impairments

0

1

0

0

0

1

-

Cytokine release syndrome
Neurotoxicity

a

a

Cytokine release syndrome was graded with the use of the Penn scale, which is a 4-point scale
Abbreviations: DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma
Source: Schuster et al. (2017) – Table 248

Conclusions on the safety of tisagenlecleucel
In summary, AEs in the JULIET trial were
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49 In general, adverse
events were manageable by appropriately trained site staff utilising protocol defined
management guidelines, and safety events were reversible in the majority of cases.49
Among the 111 patients who had received tisagenlecleucel infusion at the time of the 8th
December 2017 data cut-off, xx (xxxx%) patients had died, with three deaths occurring within 30
days post-tisagenlecleucel infusion, each due to DLBCL progression.49, 53 In the JULIET trial,
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CRS was the most frequently reported AE (xxxx% at the 8th December 2017 data cut-off date).49
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx and no patients died
due to CRS.49 CRS in tisagenlecleucel patients is manageable with admission to ICU and
treatment with systemic anti-cytokine therapy, such as tocilizumab. In the draft Summary of
Product Characteristics (SmPC), it is recommended that tocilizumab and emergency equipment
must be available prior to infusion for use in the event of CRS.10
CRS was also the most frequently reported AE in the Schuster 2017 (NCT02030834) study (57%
of patients [any grade]). Five patients had severe CRS (≥ grade 3). One patient was treated with
tocilizumab, but no patients received glucocorticoids, and no deaths from CRS occurred.48

Ongoing studies
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxx. Further analyses of the JULIET trial are expected and Novartis can provide updates on
the dates of any later data cuts in due course as these become available.

Innovation
The prognosis for patients with r/r DLBCL who have received two or more lines of therapy is
poor, with median OS as low as 3.4 months for patients treated in the third- and later-line setting
in UK clinical practice.14 A small proportion of these patients may be considered for subsequent
SCT (up to 5% based on clinician feedback), but for the majority of patients there are no curative
treatment options currently available that can offer long-term OS benefits, with treatment mainly
given with palliative intent.1, 2 There is a considerable unmet need for new treatments that can
offer durable responses and improve survival outcomes for patients with r/r DLBCL who have
received two or more lines of systemic therapy. This unmet clinical need is reflected in the
feedback received from UK clinicians at an advisory board and ESMO and BSH treatment
guidelines that recommend that patients enter clinical trials in the absence of effective therapies
for multiply-relapsed disease.12, 15, 17
As a CAR-T therapy, tisagenlecleucel represents a revolution in cancer care and a new era
personalised cancer treatment. It utilises a novel treatment paradigm in which the
immune system is harnessed to combat the disease. Tisagenlecleucel is provided as a
infusion which contrasts to chemotherapy treatment options that require multiple,
treatment cycles. Tisagenlecleucel is a treatment option that could offer a durable
clinically meaningful improvements in HRQoL for patients who would otherwise have very
life expectancy. The sustained clinical benefit of tisagenlecleucel has been demonstrated
JULIET trial, for example, of the xx patients with a CR as BOR in the JULIET trial at the
the 8th December 2017 data cut-off, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (see
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Figure 11).49 Based on the data available from the JULIET trial and the Schuster 2017
(NCT02030834) study, tisagenlecleucel also offers improved survival outcomes, with median OS
of xxxxx months (95% CI: xxxx, xx) estimated from the pooled analysis of the JULIET trial and
the Schuster 2017 (NCT02030834) study (see Section B.2.7).48, 49 This contrasts with the OS
observed from patients in the JULIET trial who were enrolled but did not receive an infusion of
tisagenlecleucel in the JULIET trial (median OS: xxx months; 95% CI: xxxxxxxx, from the time of
enrolment; n=xx).62
Based on the survival data available from the JULIET and Schuster 2017 (NCT02030834)
studies (with a potential plateau in the survival curve emerging in Schuster 2017; maximum
follow-up 37.9 months) and the innovative mechanism of action of CAR-T therapy, it is
anticipated that tisagenlecleucel could offer sustained survival in the long-term for some patients
and thus provide a potentially curative treatment option for patients in the third- and later-line
setting.48 These potential benefits of tisagenlecleucel, as an innovative therapy for a condition
with considerable unmet need, have been recognised by the US Food and Drugs Administration
(FDA) and the EMA: tisagenlecleucel was the first CAR-T therapy to be licensed by the FDA in
any indication (in paediatric and young adult patients with acute lymphoblastic leukaemia) and
has since been awarded Breakthrough Therapy designation and Priority Review for
relapsed/refractory DLBCL by the FDA as well as Accelerated Assessment by the EMA.

Interpretation of clinical effectiveness and safety evidence
Principal findings from the clinical evidence base
Evidence from the tisagenlecleucel trials
Evidence for the efficacy and safety of tisagenlecleucel as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx is provided
from the JULIET trial, which is an ongoing, single-arm, open-label, multicentre, international
Phase II study.47, 49, 51, 52 At the time of the latest data cut-off date (8th December 2017), 111
patients had received an infusion of tisagenlecleucel and median time since the tisagenlecleucel
infusion was xxxxx months (range: xxxxxxxx months).49 Results from the JULIET trial suggest
that tisagenlecleucel may offer long-term survival benefits, sustained responses to treatment and
clinically meaningful improvements in HRQoL. The key principal findings from the latest data cutoff point of the JULIET trial (8th December 2017) are summarised below:


ORR was 51.6% (48/93), with 39.8% of patients achieving a CR and 11.8% achieving a PR.49,
53

o

Median DOR was not reached; of the xx patients with a CR as BOR,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.49, 53



Median OS was 11.7 months (95% CI: 6.6, NE) (median follow-up for OS: xxxx months) and
the estimated probability of survival was xxxx%, xxxx%, xxxx%, and xxxx% at Months 3, 6, 9
and 12, respectively49, 53



Median PFS was xxx months (95% CI: xxxxxxxx), and the estimated probability of progressionfree survival was xxxx%, xxxx%, xxxx%, and xxxx% at Months 3, 6, 9 and 12, respectively49



At the time of the primary analysis, clinically meaningful improvements in HRQoL were
observed at Month 3 in FACT-Lym TOI, FACT-G and SF-36 general health and vitality
subscales, and the majority of the remaining subscale scores trended in the direction of
improvement50
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Supportive evidence for the efficacy of tisagenlecleucel is available from the Schuster 2017
(NCT02030834) case-series study, which provides survival data from a median follow-up of 28.6
months.48 Among the 14 DLBCL patients who received an infusion of tisagenlecleucel in the
study, the ORR at 3 months was 50%, with 43% of patients achieving a CR at 6 months. Of
those patients that achieved a response 86% (95% CI: 33, 98) maintained their response
following median follow up of 28.6 months, demonstrating the sustained efficacy of
tisagenlecleucel.48 Median OS was 22.2 months (95% CI not reported) and median PFS was 3.2
months, with 43% of patients progression-free at median follow-up of 28.6 months.48 Data from
the longer follow-up of the Schuster 2017 (NCT02030834) study therefore supports from the
potential for long-term survival benefits with tisagenlecleucel.
The safety analysis of the JULIET trial, showed that
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, with
CRS being the most frequently reported AE (xxxxxx patients; xxxx% any Grade; xxxx% Grade 3
and xxx% Grade 4).49
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx) and
xxxxxxxxxxxxxxxxxxxxxxxxxxx.47, 49 CRS in tisagenlecleucel patients is manageable with
admission to ICU and treatment with systemic anti-cytokine therapy, such as tocilizumab. CRS
was also the most frequently reported adverse event in the Schuster 2017 (NCT02030834)
study. In the draft SmPC, it is recommended that tocilizumab and emergency equipment must be
available prior to infusion for use in the event of CRS.10
At the time of the latest data cut-off date, 111/165 patients who had enrolled in the JULIET trial
had received an infusion of tisagenlecleucel (8th December 2017).49 Considerable investment
has gone into increasing the manufacturing capacity.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. It is
anticipated that this will reduce the requirements for bridging chemotherapy. Increased
experience and knowledge should also bring efficiencies and reduce resource utilisation. As an
example, for some time it was thought that tocilizumab would reduce the efficacy of
tisagenlecleucel. Anecdotal reports were that investigators were therefore reluctant to administer
tocilizumab unless under life-threatening conditions. As soon as this did not appear to be the
case, investigators were more willing to administer tocilizumab at an earlier stage, thereby
reducing the requirement for ICU. In UK clinical practice it is anticipated that ICU usage would
probably be lower than that seen in JULIET for this reason.
Summary of clinical evidence for comparators
Three sources of clinical evidence were considered for the comparator therapies: 1) the Eyre
2016 UK observational study of patients treated with pixantrone since the NICE recommendation
in TA306, 2) subgroup data from the pivotal PIX301 trial of pixantrone monotherapy, which was
used as the primary source of clinical evidence in TA306, and 3) SCHOLAR-1, a meta-analysis
of patient-level from four clinical studies which was conducted to evaluate efficacy outcomes in
patients with refractory DLBCL treated with salvage chemotherapy (N=636).14, 18, 45, 46 Of these
the outcomes reported from Eyre 2016 study were considered by UK clinicians to be most
representative of patients in the UK treated with current therapies in the third- and later-line
setting.1, 2, 14 The clinicians recognised the data from Eyre 2016 as being more relevant to the UK
compared with the PIX301 trial when considering pixantrone efficacy and also believed the data
to be applicable to salvage chemotherapy (given that both are provided with palliative intent only
and the relevance of the real-world data to routine clinical practice in the UK).1, 2 Median OS and
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PFS from Eyre 2016 was 3.4 months (95% CI: 2.7, 4.5) and 2.0 months (95% CI: 1.5, 2.4),
respectively.14
Strengths and limitations of the clinical evidence base
The clinical evidence presented has been derived from an SLR of clinical trials investigating the
efficacy and safety of treatment options, including tisagenlecleucel, for adult patients with r/r
DLBCL and a comprehensive review for relevant observational studies. The JULIET trial
represents the primary source of evidence for tisagenlecleucel as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, with the
Schuster 2017 (NCT02030834) study providing supportive evidence with longer follow-up for
survival (maximum follow-up of 37.9 months). Given the similarities between the trial designs and
patient characteristics, the survival data from the two studies (IPD for JULIET and pseudo-IPD
for Schuster 2017 (NCT02030834)) have been pooled without adjustment to increase the overall
sample size and utilise the available evidence from the longer Schuster 2017 (NCT02030834)
follow-up. The eligibility criteria for JULIET and Schuster 2017 (NCT02030834) are similar and
are aligned with the decision problem being addressed in this submission (i.e.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx). According to
a UK clinician consulted as part of the submission, the patient baseline characteristics in the
JULIET and Schuster 2017 (NCT02030834) studies are generally consistent with what may be
expected of patients in clinical practice in England.2 No study centres in the JULIET trial were
based in the UK and the Schuster 2017 (NCT02030834) study was carried out at a single centre
in the USA.
A key limitation of the evidence base is the lack of direct evidence identified for tisagenlecleucel
versus relevant comparators to inform relative efficacy estimates, with both the JULIET trial and
Schuster 2017 (NCT02030834) being single-arm studies. The choice of single-arm study design
for the JULIET trial, such that enrolled patients would not be denied the chance of a
tisagenlecleucel infusion, was supported by the absence of effective therapies in the patient
population of interest and also the compelling evidence for the use of tisagenlecleucel from the
Schuster 2017 (NCT02030834) study.47 In the absence of head-to-head trials, inferences of the
causal effect of tisagenlecleucel on trial outcomes are therefore reliant on indirect comparisons
with efficacy data from comparator trials, which are likely to be subject to patient selection bias,
due to the lack of randomisation, and potential differences in patient populations over time.
Therefore, the sources of comparator efficacy data have been carefully considered; a systematic
review of clinical trials and a comprehensive review of observational studies was conducted to
identify relevant evidence for comparator therapies (see Appendix B) and expert UK clinician
feedback was sought to help understand the relevance of the studies to UK practice. Of the
identified studies, the Eyre 2016 observational study of patients who had received pixantrone
monotherapy since the NICE recommendation in TA306 was identified based on feedback from
UK clinicians as providing survival outcomes that are representative of patients in the UK being
treated with currently available therapies.1, 2, 14 However, in addition to potential biases
associated with the use of retrospectively-analysed observational data (e.g. selection biases),
there are also differences between the patient population included in the Eyre 2016 study and
the JULIET trial population, e.g. four patients who were reported to have undergone Richter’s
transformation and two patients who had received prior allogeneic SCT (both of which were
exclusion criteria in the JULIET study) were included in the Eyre 2016 study. Patients were also
older and tended to have higher IPI risk score and higher ECOG performance status compared
with the JULIET trial.14 Despite these differences, the Eyre 2016 study was considered to
represent the most relevant source of efficacy data for the comparators for this submission, given
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that it reports real-world evidence of survival outcomes for patients treated in UK clinical practice
and was therefore used in the base case cost-effectiveness analysis.
To fully explore the different sources of efficacy data for comparator therapies, data from the
PIX301 trial and SCHOLAR-1 meta-analysis were also utilised in scenario analyses.
End-of-life criteria
The evidence available in support of tisagenlecleucel as a treatment for a population meeting the
end-of-life criteria is presented in Table 23. Based on the evidence available from the relevant
studies for tisagenlecleucel (i.e. JULIET and Schuster 2017 [NCT02030834]) and comparator
therapies, as well as feedback from a UK clinician consulted as part of the submission,
tisagenlecleucel can considered as having met the end-of-life criteria:
The treatment is indicated for patients with a short life expectancy, normally less than 24 months:


In the Eyre 2016 study, median OS was reported to be 3.4 months (95% CI: 2.7, 4.5), which
suggests that patients treated in the third- or later-line setting have a life-expectancy of
considerably less than 24 months with currently available therapies (i.e. pixantrone) in the
UK.14 In the relevant patient subgroups of the PIX301 trial (third- or later-line; with prior
rituximab) and SCHOLAR-1 meta-analysis (refractory to second- or later-line therapy or
relapsed ≤12 months after autologous SCT), median OS was less than 7 months (see Section
B.2.8)45, 46



The low median survival reported in Eyre 2016 is consistent with that of patients who had
enrolled in the JULIET trial but had not received a tisagenlecleucel infusion (median OS: xxx
months; 95% CI: xxxxxxxx; n=xx)62



Based on feedback from UK clinicians consulted as part of the submission, the majority of
patients treated in the third- and later-line setting are not expected to be alive after 24 months,
with survival typically estimated in months rather than years1-3

There is sufficient evidence to indicate that the treatment has the prospect of offering an
extension to life, normally of a mean value of at least an additional 3 months, compared with
current NHS treatment:


Median OS was 11.7 months (95% CI: 6.6, NE) for patients treated with tisagenlecleucel in the
JULIET trial (8th December 2017), and was 22.2 months for the 14 DLBCL patients infused
with tisagenlecleucel in the Schuster 2017 (NCT02030834) study.48, 49 After pooling survival
data from the JULIET and Schuster 2017 (NCT02030834) study, the median OS for the pooled
studies was xxxxx months (95% CI: xxxx, xx) (see Section B.2.7)

Therefore, with patients treated in the UK having a life-expectancy of as low as 3.4 months and
tisagenlecleucel having demonstrated median OS of greater than 11 months in clinical trials, it is
highly plausible that tisagenlecleucel would be associated with an extension in life-expectancy of
at least three months when compared to current clinical practice in England.
The estimates of mean OS for tisagenlecleucel and comparators predicted in the base case
analysis of the cost-effectiveness model support the belief that tisagenlecleucel would offer a
considerable extension in life-expectancy versus current clinical practice (over 10 years with
tisagenlecleucel versus 6.30 months when using Eyre et al. [2016] for comparator efficacy – see
Appendix H for clinical outcomes from the model) and that, on average, patients treated with
current therapies in UK clinical practice have a life-expectancy of less than 24 months. That the
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majority of patients treated in the third- and later-line settings (96% according the costeffectiveness model) are not expected to be alive at 24 months is consistent with feedback
obtained from UK clinicians,1-3 and the evidence considered by the Appraisal Committee in
TA306 for a similar patient population:
“The Committee noted the low median and mean overall survival for the various groups in the
PIX301 trial, in particular that median overall survival was less than 12 months for both arms, and
heard from the clinical specialists that life expectancy for patients with multiply relapsed or
refractory aggressive non-Hodgkin’s B-cell lymphoma would typically be less than 2 years”18
Patients in UK clinical practice with
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx are therefore not
typically expected to be alive after two years. Given the potential long-term survival benefits with
tisagenlecleucel and the poor life expectancy for patients with current therapies, the end of life
criteria should apply to the appraisal of tisagenlecleucel as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
x.
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Table 23: End-of-life criteria
Criterion

Data available

Section

The treatment is
indicated for
patients with a
short life
expectancy,
normally less than
24 months



B.2.8
Appendix
H






Median OS in the Eyre 2016 observational study of
patients in the UK treated with pixantrone was 3.4 months
(95% CI: 2.7, 4.5)14
Mean OS predicted in the model based on extrapolations
of Eyre 2016 survival data was 6.30 months (see
Appendix H)
Median OS in SCHOLAR-1 (refractory to second- or laterline of therapy) was 6.1 months (95% CI: 5.5, 6.8) based
on analyses conducted using the published data
Median OS in PIX301 subgroup was 6.0 (pixantrone
monotherapy arm) and 4.6 months (investigator’s choice
of therapy arm)46

According to clinicians in the UK, the survival outcomes from
Eyre can be considered to be representative of r/r DLBCL
patients in the UK receiving treatment in the third- or later-line
setting (pixantrone or salvage chemotherapy).1, 2 The poor
survival for these patients reported in Eyre 2016 is supported
by data from the JULIET trial for patients who enrolled in the
study but had not received a tisagenlecleucel infusion
(median OS: xxx months; 95% CI: xxxxxxxx; n=xx),62 and
also by feedback from clinicians in the UK consulted as part
of this submission and TA306 who suggest that the majority
of patients are not expected to be alive at 24 months:1-3
“The Committee noted the low median and mean overall
survival for the various groups in the PIX301 trial, in particular
that median overall survival was less than 12 months for both
arms, and heard from the clinical specialists that life
expectancy for patients with multiply relapsed or refractory
aggressive non-Hodgkin’s B-cell lymphoma would typically be
less than 2 years”18
There is sufficient
evidence to
indicate that the
treatment offers an
extension to life,
normally of at least
an additional
3 months,
compared with
current NHS
treatment







Median OS in the JULIET trial (8th December 2017;
median follow-up for OS: xxxx months) for patients
treated with tisagenlecleucel was 11.7 months (95% CI:
6.6, NE)
In the Schuster 2017 (NCT02030834) study, median OS
was 22.2 months for the 14 DLBCL patients infused with
tisagenlecleucel
Median OS for pooled JULIET and Schuster 2017
(NCT02030834) was xxxxx months (95% CI: xxxx, xx)
Mean OS predicted in the model based on the mixturecure model using the pooled JULIET and Schuster 2017
(NCT02030834) was 128.57 months

B.2.5,
B.2.7 and
Appendix
H

The evidence from the JULIET and Schuster 2017
(NCT02030834) studies, when compared against the survival
data from Eyre 2016 and clinician expectations of OS,
suggests that tisagenlecleucel would offer an extension in life
of at least 3 months.
Abbreviations: CI: confidence intervals; DLBCL: diffuse large B-cell lymphoma; NE: not estimable; NHS: National
Health Service; OS: overall survival; r/r: relapsed or refractory.
Source: Eyre et al. (2016) 14, JULIET Data on File (8th December 2017)49, Borchmann et al. (EHA 2018)53 and
Schuster et al. (2017)48
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B.3 Cost effectiveness
Summary of cost-effectiveness results
De novo cost-effectiveness model











A de novo cost-utility model was developed to evaluate the cost-effectiveness of
tisagenlecleucel as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The model
adopted a partitioned survival approach with three health states: progression free (PF),
progressed disease (PD), and death. A decision tree was also included to account for patients
who did not receive tisagenlecleucel infusion due to an inability to manufacture
tisagenlecleucel, AEs or death
Tisagenlecleucel was compared to salvage chemotherapy ([R-]Gem-Ox or [R-]GDP) and
pixantrone monotherapy using pooled data from the JULIET and Schuster 2017
(NCT02030834) studies for tisagenlecleucel survival inputs and the Eyre 2016 UK
observational study for comparator therapies14
As a potentially curative therapy, OS and PFS estimates for tisagenlecleucel were extrapolated
using a mixture cure model approach. Standard parametric approaches were used to
extrapolate survival data for the comparator therapies as these are mainly used with palliative
intent in the third- and later-line settings
Utility values for the PF and PD health states were derived from mapping SF-36 data collected
during the JULIET trial using a published mapping algorithm69
Resource use and costs included in the model were based on information from the JULIET
trial, previous technology appraisals (TA306 for pixantrone) and appropriate published sources
including the BNF, the eMIT and NHS reference costs 2016–2017
Feedback from UK clinicians was sought in order to validate assumptions and inputs included
in the model

Base case cost-effectiveness results


Under the base case assumptions, tisagenlecleucel (at list price) was associated with ICERs of
£xxxxxx, £xxxxxx and £xxxxxx per QALY gained versus [R-]Gem-Ox, [R-]GDP and pixantrone
monotherapy, respectively. With the PAS discount applied to tisagenlecleucel, the
corresponding ICERs were £47,684, £47,526 and £44,648 per QALY gained, respectively.

Sensitivity analyses




ICER estimates obtained from probabilistic sensitivity analysis (PSA) to take account of
combined uncertainty in the model were generally similar to the base case deterministic ICERs
Of all parameters explored in deterministic sensitivity analysis (DSA), the utility associated with
PF was found to be the most influential parameter on the ICERs
Scenario analyses were conducted to explore the impact of alternative parametric distributions
for OS and PFS, alternative sources of survival data for comparators, and varying decision tree
inputs amongst other sensitivity analyses. In the majority of scenario analyses the ICERs for
tisagenlecleucel (with PAS) versus each of the comparators were found to be below a costeffectiveness threshold of £50,000 per QALY

Conclusions


Tisagenlecleucel was found to represent a cost-effective use of NHS resources when
considered with a PAS and as an end-of-life medicine, being associated with ICERs below the
£50,000 per QALY threshold versus each of the comparators relevant to UK clinical practice
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Published cost-effectiveness studies
An SLR was conducted to identify any relevant economic evaluations for the treatment of adult
patients with r/r DLBCL who have failed at least two previous treatment regimens. Searches
were performed in November 2017 and full details of the SLR search strategy, study selection
process, results and quality assessment of included studies are reported in Appendix E.
The SLR identified two cost-effectiveness studies, neither of which evaluated the costeffectiveness of tisagenlecleucel. Details of the two included studies are provided in Table 24,
with more details in Appendix E. The published cost-effectiveness model by Muszbek et al.
(2016) utilises the same model structure and similar inputs and assumptions to those used in the
manufacturer’s submission for the NICE appraisal of pixantrone (TA306).18, 70
An assessment of the cost-effectiveness of axicabtagene ciloleucel (another CAR-T therapy)
versus salvage chemotherapy for adult patients with r/r DLBCL after two or more lines of
systemic therapy has also been conducted as part of an appraisal by the Institute for Clinical and
Economic Review (ICER) in the USA (see Table 24).71
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Table 24: Summary list of published cost-effectiveness studies
Study

Muszbek et al.
(2016)70

Prajogo et al.
(2009)72

ICER Evidence
Report71

Summary of model

Patient population (average age
in years)

QALYs (intervention,
comparator)

Costs (currency)
(intervention,
comparator)

ICER (per
QALY
gained)

Semi-Markov
partition model
based on OS and
PFS with lifetime
horizon

Patients with multiple relapsed or
refractory aggressive NHL
receiving third or fourth-line
treatment with pixantrone
(intervention) or CCP
(comparator); average age of
patients entering PIX301 trial68

Pixantrone:
1.76 QALYs
CCP:
1.20 QALYs

Pixantrone:
£79,650
CCP:
£66,209

£33,272
/QALY gained

Cost-consequence
analysis based on
OS with lifetime
horizon

Patients with relapsed lymphoma
receiving salvage chemotherapy
followed by HDC treatment then
PBSC (intervention) or 6 cycles of
ESACH SC (comparator); age
range 21–70

HDC: 4.09 LYs
SC: 3.5 LYs

HDC: A$37,490
SC: A$33,360

A$7,070/ LYG

A two-part model,
consisting of a shortterm decision tree
and long-term semiMarkov partitioned
survival model

Adult patients with r/r DLBCL after
two or more lines of systemic
therapy receiving axicabtagene
ciloleucel or salvage
chemotherapy (R-DHAP); median
age 58.0 years

Axicabtagene
ciloleucel: 5.87 QALYs
Salvage chemotherapy:
2.48 QALYs

Axicabtagene
ciloleucel: $616,927
Salvage
chemotherapy:
$154,884

$136,078/
QALY gained

Abbreviations: A$: Australian dollars; CCP: current clinical practice; DLBCL: diffuse large B-cell lymphoma; HDC: high-dose chemotherapy; ICER: Institute for Clinical and
Economic Review (and incremental cost-effectiveness ratio); ESACH: etoposide, solumedrol, high-dose ara-C and carboplatin; LYG: life-years gained; NHL: Non-Hodgkin’s
lymphoma; NR: not reported; OS: overall survival; PBSC: peripheral blood stem cell; PFS: progression-free survival; QALYs: quality-adjusted life years; R-DHAP: rituximab in
combination with dihydroxyacetone phosphate; r/r: relapsed or refractory; SC: standard dose chemotherapy.
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Economic analysis
Patient population
The patient population for the economic evaluation was
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx This patient
population is in line with the expected licensed indication for tisagenlecleucel (see Section B.1.2)
and to the decision problem addressed in this submission, as outlined in Section B.1. This also
corresponds to the patient population evaluated in the tisagenlecleucel clinical trials in r/r DLBCL:
JULIET and Schuster 2017 (NCT02030834).47, 48

Model structure
As noted in Section B.3.1, no prior health economic evaluations for tisagenlecleucel in patients
with r/r DLBCL who have failed at least two prior treatment regimens were identified by a
systematic literature review for published economic evaluations in this indication.
Therefore, a de novo health economic model was constructed in Microsoft Excel to evaluate the
cost-effectiveness of tisagenlecleucel versus relevant comparators in
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The
developed model is a cohort-based partitioned survival model consisting of three mutually
exclusive health states: (i) progression-free (PF), (ii) progressed disease (PD), and (iii) death.
The health states considered by the model is in line with the clinical pathway of care for the
treatment of r/r DLBCL and is consistent with previous economic evaluations submitted to NICE
in r/r DLBCL (TA306).18 In addition to the partitioned survival model, the model structure includes
a decision tree prior to entry into the partitioned survival model structure for the tisagenlecleucel
arm only. This decision tree element is required in order for the model to capture features of
treatment that are specific to the way that tisagenlecleucel is manufactured and then
administered.
The decision tree element of the model, applied to the tisagenlecleucel arm only, is presented in
Figure 19. A graphical depiction of the partitioned survival model approach is presented in Figure
20.
Figure 19: Decision tree structure for tisagenlecleucel cohort

Abbreviations: QALYs: quality-adjusted life years.
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Figure 20: Partitioned survival modelling approach

Abbreviations: OS: overall survival; PD: progressed disease; PFS: progression-free survival.

Decision tree prior to partitioned survival model entry
The process of treatment with tisagenlecleucel is described in Table 2 of Section B.1.2. In
summary this consists of: (i) initial leukapheresis in hospital to obtain T-cells from the patient; (ii)
cryopreservation of the extracted T-cells, shipping of these to a manufacturing facility and
manufacturing of the anti-CD19 CAR-expressing T-cells; (iii) infusion of the CAR-T cells as a
single-dose of tisagenlecleucel. Whilst the T-cells are being manufactured following
leukapheresis, patients may be administered bridging chemotherapy in order to stabilise disease
whilst patients wait for tisagenlecleucel manufacturing, as done in the JULIET and Schuster 2017
(NCT02030834) studies.47, 48 In addition, tisagenlecleucel patients are expected to receive
lymphodepleting chemotherapy to induce lymphopaenia and thus facilitate the engraftment and
homeostatic expansion of tisagenlecleucel cells (see the draft SmPC in Appendix A).10
The pre-treatment process, from the decision to initiate the patient on the tisagenlecleucel
procedure and arrange for the first step of leukapheresis to the infusion of tisagenlecleucel,
therefore represents a period of time (and a process) during which there is the potential for
events to occur that ultimately lead to the planned infusion of tisagenlecleucel not taking place.
These potential events consist of an inability to manufacture tisagenlecleucel, adverse events
leading to ineligibility for tisagenlecleucel infusion, or patient death. Patients who experience
these events and are hence ultimately unable to receive infusion of tisagenlecleucel would be
associated with different outcomes and costs to those who do proceed to tisagenlecleucel
infusion, and the decision tree model is required to capture this. As indicated in Figure 19:


A proportion of patients (P1) will successfully proceed to infusion of tisagenlecleucel. These
patients therefore enter the partitioned survival model for tisagenlecleucel



A proportion of patients (P2) will not receive the tisagenlecleucel infusion, either due to an
inability to manufacture the tisagenlecleucel product or due to experiencing an adverse event
that renders them unsuitable to continue to tisagenlecleucel infusion. It is assumed that these
patients would revert to treatment with the relevant comparator therapy to tisagenlecleucel.
This is modelled by assigning the total (discounted) per patient quality-adjusted life years
(QALYs) and costs associated with salvage chemotherapy for this proportion of
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tisagenlecleucel patients. There is therefore an implicit assumption that the “failure event”
(inability to manufacture tisagenlecleucel or adverse event) during the period whilst the patient
is awaiting tisagenlecleucel infusion does not impact on the outcomes that would have been
achieved with the comparator had the patient been assigned to this comparator treatment
initially.


A proportion of patients (P3) will not receive the tisagenlecleucel infusion due to death before
the infusion is ready. These patients are associated with no further accrual of costs or QALYs
beyond those assigned during the decision tree.

Details of the specific proportions of patients assigned to each arm of the decision tree and the
costs and outcomes accrued for each arm over the decision tree are provided in Section B.3.2.3,
Section B.3.3 and Section B.3.5, respectively.
The comparator therapies included in the economic evaluation are not associated with the same
process as described above for tisagenlecleucel and they are therefore not associated with the
potential feature of failure to proceed to tisagenlecleucel infusion. As such, the decision tree is
not required for the comparator arms of the model and is only a feature of the tisagenlecleucel
arm of the model.
Partitioned survival model
The partitioned survival model comprises three mutually exclusive health states: (i) PF, (ii) PD,
and (iii) death. A cohort of
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx was modelled
to enter the partitioned survival model in the PF health state and to receive either
tisagenlecleucel or a comparator therapy. The proportion of patients in each heath state at each
monthly model cycle was then determined for each therapy directly from cumulative survival
probabilities from PFS and OS curves as follows:


The proportion of patients occupying the PF state was calculated as the proportion alive and
progression-free (based on PFS curve)



The proportion of patients occupying the PD state was calculated as the proportion alive
(based on OS curve) minus the proportion of patients alive and progression-free (based on
PFS curve)



The proportion of patients occupying the death state was calculated as the proportion who
had died (based on OS curve)

Patients were redistributed among the three health states at each model cycle.
The model structure does not allow for patients to improve their health state, which reflects the
progressive nature of the condition and is consistent with previous economic modelling in r/r
DLBCL.18 The death health state is an absorbing health state.
The partitioned survival approach allows for modelling of OS and PFS based on study-observed
events, which facilitates the replication of within-trial data and means that the model is expected
to accurately reflect disease progression and the observed survival profile of patients treated with
tisagenlecleucel and comparator therapies. Importantly, the PFS and OS curves can be
constructed from summary Kaplan-Meier data in the absence of IPD. Given the reliance on
published summary data rather than IPD for comparator therapies, this was an important benefit
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of this model structure. Finally, as noted above, the partitioned-survival model structure has
previously been used in a NICE appraisal in r/r DLBCL (TA306).18
Features of the de novo analysis
Costs and health-related utilities were allocated to each health state and multiplied by state
occupancy to calculate the weighted costs and QALYs per cycle. Cost components considered
included: pre-treatment costs, treatment costs and associated administration costs,
hospitalisation and ICU costs, AE costs, costs associated with subsequent SCT, other medical
costs, and terminal care costs. Effectiveness measures included life years (LYs) and QALYs.
The incremental cost-effectiveness ratio (ICER) of tisagenlecleucel versus each comparator was
evaluated in terms of the incremental cost per QALY gained.
The analysis was conducted from the perspective of the UK NHS and Personal Social Services
(PSS) in England over a time horizon of 46 years. This was considered to represent a lifetime
horizon given the mean age of patients at the start of the model is 54 years, and was chosen to
comprehensively capture the expected costs and health outcomes of patients over their
remaining lifetime from the initiation of their treatment. A monthly cycle length was considered in
the base case, and both costs and effects were discounted at 3.5% annually.
Table 25: Features of the economic analysis
Factor

Previous
appraisals
TA306

Time horizon

Treatment waning
effect?

Lifetime horizon
(23 years)

OS and PFS were
based on
extrapolations of
OS and PFS data
from the PIX301
trial

Current appraisal
Chosen values

Lifetime horizon
(46 years)

For comparators,
OS and PFS were
based on
extrapolations of
pseudo-IPD for
OS and PFS from
the UK
observational
study reported by
Eyre et al. (2016).
For
tisagenlecleucel,
a mixture cure
model was used
in the base case
to extrapolate OS
and PFS using
pooled data from
JULIET and
Schuster 2017
[NCT02030834].

Justification
The reference case stipulates
that the time should be
sufficiently long to reflect any
differences in costs or
outcomes between the
technologies being compared.
Various parametric and spline
models were explored to
estimate OS and PFS across
the model time horizon, as per
the guidance in NICE DSU TSD
14.73
When extrapolating the pooled
survival data from JULIET and
Schuster 2017 [NCT02030834],
the best fitting parametric and
spline models did not produce
survival curves which
adequately captured the
expected survival profile for
tisagenlecleucel (i.e. long-term
survival for some patients). A
mixture cure model was
therefore used in the base case
analysis to reflect the possibility
that some patients may have
survival outcomes similar to the
general population. Long-term
survival has been demonstrated
in Schuster 2017
[NCT02030834], which has
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Previous
appraisals

Factor

Current appraisal

TA306

Source of utilities

Utility values from
NICE TA178 in
second-line renal
cell carcinoma:

Chosen values

PF state: 0.83
PD state: 0.71

PF state: 0.76
PD state: 0.68


Source of costs




NHS
Reference
Costs
PSSRU
BNF





NHS
Reference
Costs
PSSRU
BNF/eMIT

Justification
longer follow-up than the
JULIET trial, and the
assumption that a proportion of
patients may be ‘cured’ is
consistent with the potential for
CAR-T therapy to offer a
curative treatment option.
The chosen values were
derived from the JULIET SF-36
study via a mapping exercise.
These values were chosen for
the base case analysis as they
represent DLBCL-specific utility
values, whereas the values
used in the pixantrone appraisal
were taken from another
indication in the absence of
utilities for DLBCL patients
specifically.
NHS Reference Costs, PSSRU,
BNF and eMIT are standard
sources of UK-relevant costs
and were used where possible.
Where costs were not reported
in these sources, cost inputs
were sourced from appropriate
literature.

Abbreviations: BNF: British National Formulary; CAR-T: chimeric antigen receptor T-cells; DLBCL: diffuse large
B-cell lymphoma; DSU: Decision Support Unit; eMIT: electronic Market Information Tool; IPD: individual patientlevel data; NHS: National Health Service; NICE: National Institute for Health and Care Excellence; OS: overall
survival; PD: progressed disease; PFS: progression-free survival; PSSRU: Personal Social Services Research
Unit; SF-36: Short Form Health Survey; TSD: Technical Support Document.

Intervention technology and comparators
Intervention - tisagenlecleucel
The intervention in the model was tisagenlecleucel, as described in Section B.1.2.
Tisagenlecleucel is provided as a single, one-time treatment for iv use only. For adult patients
with DLBCL, tisagenlecleucel is recommended at a dose of 0.6 to 6.0×108 CAR-positive viable Tcell (see the draft SmPC in Appendix A).10 With the exception of survival inputs, the assumptions
and inputs in the model related to tisagenlecleucel have largely been derived from the Full
Analysis Set of the JULIET trial, which represents the primary source of evidence for
tisagenlecleucel and included N=111 patients who had received an infusion of tisagenlecleucel.49
In order to utilise all available evidence on tisagenlecleucel survival in the cost-effectiveness
analysis, OS and PFS inputs for tisagenlecleucel were based on the pooled data from the
JULIET and Schuster 2017 (NCT02030834) studies (see Sections B.3.3.2). Other outcomes (e.g.
adverse events) were not however reported separately from the DLBCL population of the
Schuster 2017 (NCT02030834) study and so only the JULIET trial, for which IPD are available,
was used for the other clinical inputs.
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Manufacturing of the CAR-positive viable T cells requires a step-by-step process as outlined in
Figure 21 and begins with the harvesting of cells via leukapheresis.
Figure 21: Summary of the manufacturing and administration process for tisagenlecleucel

Source: Novartis Pharmaceuticals UK Ltd.

Whilst the manufacturing process at the manufacturing facility is taking place, it has been
assumed in the model that the majority of patients would likely receive bridging chemotherapy
(91.9% of patients, based on the proportion of patients who had received bridging chemotherapy
at the time of the 8th December 2017 data cut-off date of the JULIET trial), and based on
feedback from a UK clinician this would likely consist of one cycle of salvage chemotherapy.2, 53
In addition, prior to the administration of the manufactured CAR-T cells, patients were modelled
to receive a lymphodepleting therapy to facilitate the engraftment and expansion of
tisagenlecleucel cells. Based on the proportion of patients who had received a lymphodepleting
therapy in the JULIET study, it has been assumed 92.8% patients would receive lymphodepleting
therapy prior to infusion of tisagenlecleucel, with the type of regimen and proportion of patients
receiving each regimen based on the JULIET trial: (i) fludarabine 25 mg/m2 for 3 doses and
cyclophosphamide 250 mg/m2 for 3 doses (xxxx% of patients); and (ii) bendamustine 90 mg/m2
iv daily for 2 days (xxxx%).49, 53
Considerable investment has gone into increasing the manufacturing capacity.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. It
is anticipated that this will reduce the requirements for bridging chemotherapy and therefore the
proportion of patients who received bridging chemotherapy in the model may be higher than in
clinical practice. The assumption that patients would only receive one cycle of salvage
chemotherapy is however consistent with this expected timeframe.
In the decision tree part of the model, the proportion of patients who were modelled to actually
receive a tisagenlecleucel infusion were as follows;


P1 successfully proceed to tisagenlecleucel infusion = xxxx% based on the proportion of
enrolled patients in the JULIET trial (excluding those pending an infusion) who had
received a tisagenlecleucel infusion at the time of the 8th December 2017 data cut-off
date49
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P2 do not receive tisagenlecleucel infusion, either due to an inability to manufacture the
tisagenlecleucel product or due to experiencing an adverse event that renders them
unsuitable to continue to tisagenlecleucel infusion = xxxx% based on the proportion of
enrolled patients in the JULIET trial (excluding those pending an infusion) who had not
received a tisagenlecleucel infusion at the time of the 8th December 2017 data cut-off date
due to reasons other than death49



P3 death prior to tisagenlecleucel infusion = xxx% based on the proportion of enrolled
patients in the JULIET trial (excluding those pending an infusion) who had not received a
tisagenlecleucel infusion at the time of the 8th December 2017 data cut-off date due to
death49

For tisagenlecleucel patients who do not receive a tisagenlecleucel infusion (i.e. either due to an
inability to manufacture tisagenlecleucel or adverse events, or death), it was assumed that all
patients would receive leukapheresis but only a proportion of patients would receive bridging
chemotherapy (50%) or lymphodepleting chemotherapy (50%). This is considered to reflect what
may happen in UK clinical practice. For example, patients may have been informed that
tisagenlecleucel could not be manufactured or have died prior to receipt of lymphodepleting
chemotherapy. Tisagenlecleucel patients who did not receive a tisagenlecleucel infusion in the
model for reasons other than death were assumed to receive salvage chemotherapy instead,
with an equal proportion of these patients assumed to receive [R-]Gem-Ox or [R-]GDP. The total
cost and QALYs associated with tisagenlecleucel in the model therefore also includes the costs
and QALYs accrued by patients receiving salvage chemotherapy after having discontinued
tisagenlecleucel prior to the tisagenlecleucel infusion. No costs or QALYs (other than
tisagenlecleucel pre-treatment costs) were applied for those patients who died prior to the
tisagenlecleucel infusion.
A scenario was also conducted in which it was assumed that all patients receive an infusion of
tisagenlecleucel.
Comparators – salvage chemotherapy and pixantrone monotherapy
As described in Section B.1.3.2, patients with
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx are expected to
receive either salvage chemotherapy (with or without rituximab), or pixantrone monotherapy, with
both treatment options given with palliative intent in the third- and later-line setting. The costeffectiveness of tisagenlecleucel versus each of these comparators has been assessed, with
descriptions of each comparator provided below:
Salvage chemotherapy
Salvage chemotherapy has been modelled as one of two individual chemotherapy regimens
(Gem-Ox and GDP, with or without rituximab), that are commonly used in clinical practice for the
treatment of DLBCL patients in the third- and fourth-line setting.2 At this stage, treatment with
salvage chemotherapy is largely considered to be palliative with few patients going on to receive
subsequent SCT.1, 2 The inclusion of [R-]Gem-Ox and [R-]GDP specifically was based on
recommendations from treatment guidelines and feedback from a UK clinician on what regimens
would likely be used for the treatment of these patients:


Despite not being specified in the final scope for the appraisal, [R-]Gem-Ox was included as
one of the salvage chemotherapy regimens based on feedback from a UK clinician and
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guidelines from ESMO that this regimen may be used for patients who are less able to tolerate
the more intensive chemotherapy regimens2, 12


[R-]GDP was also identified by the UK clinician as being suitable for patients with lower levels
of fitness and has been recommended in ESMO guidelines and NICE NG52 as a regimen that
is as effective as other salvage chemotherapy regimens but with less toxic effects2, 12, 16

The other salvage chemotherapy regimens specified in the final scope for the appraisal (R-ICE,
R-IVE and R-DHAP) represent more intensive and more costly regimens that would typically be
used in anticipation of the patient receiving subsequent SCT following a response to salvage
chemotherapy. These salvage chemotherapy regimens have therefore not been included in the
cost-effectiveness analysis, as clinician feedback is that few patients at the third-line of therapy
or later would go on to receive a subsequent SCT in UK clinical practice and treatment is
essentially palliative in nature.1, 2 It is worth noting that these regimens are expected to be more
costly in terms of drug acquisition costs and administration costs when compared to [R-]GDP or
[R-]Gem-Ox.
Analyses have been conducted to assess the cost-effectiveness of tisagenlecleucel versus each
salvage chemotherapy regimen separately. The cost of each salvage chemotherapy regimen
was estimated based on dosing schedules described in clinical trials and UK chemotherapy
protocols for NHL patients (see Section B.3.5 for full details).42, 74-76 Based on clinician feedback,
both regimens ([R-]Gem-Ox and [R-]GDP) were assumed to be administered in the outpatient
setting and 50% of patients were assumed to receive rituximab as part of either regimen given
that at least half of patients are expected to receive rituximab in the third- and later-line setting.1-3
A scenario was also conducted in which the proportion of patients receiving rituximab with
salvage chemotherapy (60.8%) was based on published literature.77
As described in Section B.2.8, the Eyre 2016 observational study is considered to represent the
most relevant source of efficacy data for r/r DLBCL patients in the UK treated in the third- and
later-line settings, and has been utilised in the model for both salvage chemotherapy and
pixantrone monotherapy.14 Given that salvage chemotherapy is largely given with palliative intent
at this stage, it has been assumed that no patients treated with salvage chemotherapy in the
model would go on to receive autologous or allogeneic SCT. No subsequent SCT was reported
in Eyre et al. (2016) and so the omission of costs or disutilities related to SCT as a subsequent
therapy (see Sections B.3.4 and B.3.5) is consistent with the efficacy data used in the model,
which may be conservative given that up to 5% of patients are expected to receive subsequent
SCT in current clinical practice.1, 2
Pixantrone monotherapy
Pixantrone monotherapy is recommended by NICE as a treatment in the third- or fourth-line
setting for adults with r/r aggressive NHL who have received prior rituximab.18 In accordance with
the SmPC, pixantrone monotherapy was included in the model at a dose of 50 mg/m2 on days 1,
8 and 15 of a 28-day cycle for a total of two cycles (based on the median number of cycles in the
Eyre et al. [2016] UK observational study), which is less than the maximum of six cycles that is
recommended in the SmPC.14, 78 The survival inputs used in the model for pixantrone have been
derived from the UK observational study by Eyre et al. (2016), which reports outcomes from
patients treated with pixantrone monotherapy in the UK following the TA306 NICE
recommendation.14 As noted in Section B.2.8, the UK clinicians consulted as part of this
appraisal consider the survival outcomes reported in Eyre 2016 to be more reflective of the
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effectiveness of pixantrone in clinical practice compared to the data reported in the post-hoc
subgroup analysis of the pivotal PIX301 trial.1, 2, 46

Clinical parameters and variables
Baseline characteristics
The baseline characteristics for the modelled cohort are provided in Table 26. Mean age and the
percentage female were used alongside UK life tables to calculate the natural mortality of the
general population (see modelling of survival in Section B.3.3.2). Average body surface (BSA)
and weight were used to calculate drug acquisition costs whereby dosage is based on patient
BSA or weight.
These inputs were based on the baseline characteristics of patients who received an infusion of
tisagenlecleucel in the JULIET trial (8th December 2017).49 As noted in Section B.2.12, the
baseline characteristics of the JULIET trial were considered to be representative of patients in
UK clinical practice.2
Table 26: Patient characteristics in the model
Model
parameter

Value

Mean age,
years

xxxx

JULIET trial (8th December 2017)49

Percentage
female

xxxx

JULIET trial (8th December 2017)49

xxxx

The average body surface area is calculated using
weight and height of patients enrolled in the JULIET
trial (8th December 2017) based on the DuBois
formula. Data were available from xxxxxxxxxxxxxx
patients.49

xxxx

JULIET trial (8th December 2017)49

Average BSA
(m2)

Average body
weight (kg)

Source

Abbreviations: BSA: body surface area.

Survival inputs and assumptions
As described in Section B.3.2.2, the proportion of patients in the PF, PD and Death health states
at each cycle in the model were defined by OS and PFS curves. As the follow-up periods for the
relevant studies (pooled JULIET and Schuster 2017 [NCT02030834] for tisagenlecleucel and
Eyre 2016 for comparators – see Sections B.2.7 and B.2.8) were shorter than the model time
horizon, extrapolation from the observed OS and PFS data was required.
In accordance with the NICE Decision Suppurt Unit (DSU) Technical Support Document (TSD)
14 guidance on survival analyses, a range of standard parametric distributions (exponential,
Weibull, log-logistic, lognormal, Gompertz, and generalised gamma) and flexible models (i.e.
spline models) were explored for extrapolation.73 For the spline models, these were developed
based on the algorithm by Royston and Parmar et al. (2002).79 A series of one-, two-, three-, and
four-knot cubic spline models expressed on the proportional hazard scale were considered, with
the knot locations chosen at quantiles of the log uncensored death times in the study, as per the
default settings for the FlexSurv package in R. The goodness-of-fit criteria (including the Akaike
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information criterion [AIC] and the Bayesian information criteria [BIC]) were then estimated for
each parametric function.
In addition to these approaches, the fitting of mixture cure models was also explored. It is wellestablished that standard parametric survival models are limited in their use for modelling hazard
functions that follow more complex patterns.80 Therefore, in cases where there is evidence that
the hazard function of an intervention has important changes over time that cannot be reflected
by standard parametric distributions, it is necessary to explore other approaches. Flexible
parametric models such as spline models represent one tool that can potentially be used to
characterise more complex hazard functions. However, whilst these models may be found to
produce a strong statistical fit to observed Kaplan-Meier data, they may produce clinically
unrealistic extrapolations in the long-term as they represent a purely statistical exercise in model
fitting rather than an attempt to reflect the clinical mechanisms underlying the observed hazard
function.80
Mixture cure models represent another approach to model survival of cancer therapies that can
potentially account for more complex hazard functions in a manner that also reflects an
underlying clinical process. Such models can be used where there is evidence to support that a
proportion of the population treated with the intervention can be considered to be ‘cured’ (the
‘cure fraction’). The cure fraction can be interpreted as a proportion of the population who would
only be subject to background mortality (i.e. natural mortality of general population). This is
reflected in the parameterisation of the mixture cure model, which models the population as a
mixture of two subpopulations: one representing cured patients (the cure fraction), who are at the
same risk of death as the general population, and one representing non-cured patients, who are
at a risk of death as defined by a parametric survival model.
The appropriateness of exploring mixture cure models to model the existence of a subpopulation
of patients treated with tisagenlecleucel who are at the same risk of death as the general
population (i.e. a cure fraction) is supported by observations from the tisagenlecleucel DLBCL
trials and external sources.


Firstly, the OS data from the Schuster 2017 [NCT02030834] study, which provides survival
data from longer follow-up than the JULIET trial (see Section B.2.5.2), suggests that treatment
with tisagenlecleucel is associated with sustained, long-term survival for a proportion of
patients. This is demonstrated by the emergence of a plateau in the survival curve of the pooled
JULIET and Schuster 2017 [NCT02030834] data (see Figure 18). Such a plateau would
represent a clear feature of the hazard function over time and the standard parametric
distributions may not accurately reflect this expected survival profile. The expectation of a
plateau in the OS profile with tisagenlecleucel is consistent with the mechanism of action of
tisagenlecleucel as a potentially curative treatment option.



The expectation of a plateau in OS is supported on a mechanistic level by the observation of
a clear levelling-off of the survival curve for PFS from the pooled JULIET and Schuster 2017
[NCT02030834] data (see Figure 17). Evidence from DLBCL patients treated in the first-line
setting suggests that patients who are still in remission (i.e. disease free) after 24 months have
OS that is not statistically different to the general population.40 Based on clinician feedback, it
may be assumed that patients who achieve sustained remission for two years at later lines of
therapy would also have survival similar to the general population.2 The plateau in the PFS
survival curve from the pooled JULIET and Schuster 2017 [NCT02030834] data, which extends
beyond 24 months, therefore supports the expectation of a similar plateau in OS and the
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attainment of long-term survival similar to the general population for a proportion of patients
treated with tisagenlecleucel.
For the parameterisation of the mixture cure models, the cure fraction was estimated based on a
logistic regression, with the survival of these patients considered to follow the general population
mortality as per the England and Wales life tables (2014–2016; adjusted for age and gender).81
The survival of patients who were not cured was estimated using the standard parametric
survival distributions (exponential, Weibull, log-logistic, lognormal, Gompertz, and generalised
gamma). Spline models were not explored for the mixture cure model approach as there is no
established approach for incorporating these model types. Overall statistical fit of the mixture
cure models was evaluated through the use of the AIC and BIC, as for the standard parametric
survival models and flexible spline models.
For patients who have relapsed or are refractory to first-line therapy, intensive salvage
chemotherapy followed by an autologous SCT represents a potentially curative treatment option.
However, according to clinicians in the UK, the treatments received in the third- and later-line
settings (e.g. second salvage chemotherapy or pixantrone) are considered to be palliative rather
than curative, with up to 5% of patients likely to receive SCT.1, 2 There is therefore a low
expectation of a ‘cure fraction’ with the comparator therapies in this setting which is reflected by
the absence of a clear plateau in the survival profile of Eyre 2016.14 Without the potential for a
‘cure’ with the comparator therapies, and given the adequacy of the standard parametric and
spline models to extrapolate from the Eyre 2016 survival data, the mixture cure model was not
used to derive survival inputs in the model for salvage chemotherapy or pixantrone, with the
standard parametric and spline models considered instead for the extrapolation of OS and PFS.
In the absence of IPD from Eyre 2016, pseudo-IPD were generated using the algorithm
described by Guyot et al. (2012) and the Kaplan-Meier plots presented in the publication.65 This
enabled the OS and PFS data for the comparators to be extrapolated using the full range of
parametric survival distributions and spline models.
In determining the choice of survival model for the base case, consideration was given to the
following, as per the recommendations provided in NICE DSU TSD14:73


AIC and BIC goodness-of-fit statistics



Visual inspection against the observed Kaplan-Meier curves



Clinical plausibility for both short-term and long-term estimates of survival

To ensure that OS extrapolations did not provide implausible estimates of mortality, the mortality
rates used in the model were bound by the age- and gender-specific natural mortality of the
general population as a minimum (calculated using UK life tables). In addition, adjustments were
made in the model traces to ensure that logical inconsistencies, such as the proportion of
patients alive being less than the proportion of patients alive and progression-free, could not
occur (i.e. PFS was bound by OS as a minimum).
Tisagenlecleucel
In order to utilise all available evidence on tisagenlecleucel survival in the cost-effectiveness
analysis, OS and PFS inputs for tisagenlecleucel were based on the pooled data from the
JULIET and Schuster 2017 [NCT02030834] studies (see Sections B.2.7).
Overall survival

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 96 of 162

A variety of parametric and spline models were initially explored to extrapolate the pooled OS
data from JULIET and Schuster 2017 [NCT02030834]. Table 27 summarises the AIC and BIC
values for each survival model, and the extrapolations of OS using each model up to 10 years
are presented in Figure 22.
Table 27: Summary of goodness-of-fit data for tisagenlecleucel overall survival
Distribution

AIC

BIC

Exponential

476.33

479.16

Weibull

477.41

483.07

Gompertz

470.19

475.85

Log-Normal

466.13

471.79

Log-Logistic

470.13

475.79

Generalised gamma

463.52

472.01

Spline with single knot

462.12

470.61

Spline with two knots

464.16

475.47

Spline with three knots

466.08

480.22

Spline with four knots

468.00

484.97

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.

Figure 22: Extrapolations of overall survival using parametric and spline models –
tisagenlecleucel

Of these, the spline model with a single knot provides the best statistical fit. However, it is clear
on visual inspection of the various curves in Figure 22 that none of these models provide an
accurate fit to the tail of the observed survival data for tisagenlecleucel and, with the possible
exception of the Gompertz model, none of the models adequately captured the expected plateau
in the OS curve with tisagenlecleucel.
Given the inability of the standard parametric and spline models to adequately capture the
change in the hazard function associated with the emerging plateau in the tisagenlecleucel
observed data, mixture cure models were explored for the extrapolation of OS from the pooled
JULIET and Schuster 2017 [NCT02030834] data. The AIC and BIC values together with the cure
fraction rates for the various parametric functions explored for the extrapolation of the pooled OS
data for tisagenlecleucel using the mixture cure model approach are summarised in Table 28.
The extrapolations of OS using each model up to 10 years are presented in Figure 23.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 97 of 162

Table 28: Summary of goodness-of-fit data for tisagenlecleucel overall survival – mixture
cure models
Distribution

AIC

BIC

Cure rate

Exponential

469.33

474.99

xxxxx

Weibull

467.53

476.02

xxxxx

Gompertz

470.96

479.45

xxxxx

Log-Normal

462.35

470.83

xxxxx

Log-Logistic

463.44

471.92

xxxxx

Generalised gamma

464.28

475.59

xxxxx

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.

Figure 23: Extrapolations of overall survival using mixture cure models – tisagenlecleucel

In contrast to the standard parametric and spline models, each of mixture cure models were seen
to better reflect the emerging plateau in the observed OS data and the expected continuation of
this plateau in the longer-term. As previously described, there are a number of reasons to
consider it appropriate to reflect the existence of a subpopulation of ‘cured’ patients, as can be
achieved through the mixture cure model approach. Given this, and the fact that the standard
parametric survival models and spline models were seen to be unable to capture the observed
OS with tisagenlecleucel, the mixture cure models were considered most appropriate for
modelling OS with tisagenlecleucel in the long-term, and a mixture cure model was ultimately
selected to model OS with tisagenlecleucel for the base case economic analysis.
The lognormal mixture cure model provided the best statistical fit to the observed data in
AIC and BIC and predicted a cure rate of xxxx% which is towards the lower end of the
cure rates predicted by the other models (xxxx% to xxxx%). The lognormal mixture cure
was therefore selected for the base case analysis, with the use of the second- and thirdranked models in terms of AIC and BIC (loglogistic and generalised gamma, respectively)
explored as part of scenario analyses in order to investigate the impact of using models
different cure rates. The extrapolations of OS using the base case and scenario mixture
models up to 10 years are presented in
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Figure 24.
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Figure 24: Extrapolations of overall survival using the base case (lognormal) and scenario
(loglogistic and generalised gamma) mixture cure models – tisagenlecleucel

Progression-free survival
As for OS, the pooled PFS data from the JULIET and Schuster 2017 [NCT02030834] studies
were extrapolated using various parametric and spline models. Table 29 summarises the AIC
and BIC values for each survival model, and the extrapolations of PFS using each model up to
10 years are presented in Figure 25.
Table 29: Summary of goodness-of-fit data for tisagenlecleucel progression-free survival
Distribution

AIC

BIC

Exponential

496.63

499.46

Weibull

470.82

476.47

Gompertz

419.62

425.27

Log-Normal

443.36

449.02

Log-Logistic

448.29

453.95

Generalised gamma

405.24

413.73

Spline with single knot

392.36

400.85

Spline with two knots

391.86

403.18

Spline with three knots

384.70

398.84

Spline with four knots

387.96

404.93

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.

Figure 25: Extrapolations of progression-free survival using parametric and spline models
– tisagenlecleucel
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Of these, the spline model with three knots provides the best statistical fit and also provides a
reasonable fit to the observed data on visual inspection of the extrapolated survival curves. For
consistency with the base case approach for OS, a mixture cure model for PFS was also
explored. As with OS, the cured fraction was modelled to have the same risk of mortality as the
general population and these patients were therefore assumed to not be at risk of progression or
cancer-related death. The AIC and BIC values together with the cure fraction rates for the
various parametric functions explored for the extrapolation of the pooled PFS data for
tisagenlecleucel using the mixture cure model approach are summarised in Table 30. The
extrapolations of PFS using each model up to 10 years are presented in Figure 26.
Table 30: Summary of goodness-of-fit data for tisagenlecleucel progression-free survival
– mixture cure models
Distribution

AIC

BIC

Cure rate

Exponential

414.84

420.50

xxxxx

Weibull

405.56

414.04

xxxxx

Gompertz

415.53

424.02

xxxxx

Log-Normal

390.06

398.54

xxxxx

Log-Logistic

392.18

400.67

xxxxx

Generalised gamma

390.88

402.19

xxxxx

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.

Figure 26: Extrapolations of progression-free survival using mixture cure models –
tisagenlecleucel

As with OS, each of mixture cure models were seen to adequately capture the plateau in the
observed PFS data and so the use of mixture cure models for PFS in the base case analysis was
also considered. The lognormal mixture cure model provided the best statistical fit to the
observed data in terms of AIC and BIC and predicted a cure rate of xxxx% for tisagenlecleucel.
This is similar to the cure fraction used in the base case for OS, which is consistent with the
expectation that those patients who are ‘cured’ (i.e. have the same mortality as the general
population) would also be progression-free. The lognormal mixture cure model was therefore
selected for the base case analysis, with the use of the second- and third- highest ranked models
in terms of AIC and BIC (loglogistic and generalised gamma, respectively) explored as part of
scenario analyses. As the survival curves from the various mixture cure models for PFS were
very similar, with a narrow range of cure fractions predicted across the different models (xxxx%
to xxxx%), the impact of using these alternative mixture cure models for extrapolating PFS is
expected to be low.
Scenario analyses for the extrapolation of survival with tisagenlecleucel
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Additional scenarios were conducted to explore different sources of evidence and approaches to
modelling tisagenlecleucel OS and PFS:
1. Use of mixture cure models for OS and PFS based on data from the JULIET trial only
The pooled JULIET and Schuster 2017 (NCT02030834) data were used in the base case
analysis to utilise all available evidence on tisagenlecleucel survival in the cost-effectiveness
analysis. As the JULIET trial represents the primary source of evidence for tisagenlecleucel in
this indication (n=111 patients infused with tisagenlecleucel) a scenario analysis was also
conducted in which mixture cure models were based on data from the JULIET trial only.49 As with
the mixture cure model that was used in the base case analysis, the lognormal distribution, which
was associated with a cure rate of xxxx% and xxxx%, was selected for the mixture cure models
for both OS and PFS when using the JULIET trial data only (see Appendix J).
2. Use of alternative approaches to the mixture cure model:


Modelling long-term OS by applying general population mortality after a specific time point in
the model for those patients who are still alive, and,



Extrapolation of PFS data using standard parametric and spline models

As an alternative approach to the mixture cure model for OS, a scenario was conducted in which
general population mortality was applied to those tisagenlecleucel patients who were still alive in
the model after 24 months, with survival up to that point determined by extrapolation of the
pooled JULIET and Schuster 2017 (NCT02030834) OS data. This approach does not therefore
explicitly model a ‘cured fraction’ of patients as the mixture cure model does, but instead
assumes that those patients who are still alive after a particular timepoint are considered to be
effectively ‘cured’ and are modelled to have similar mortality to the general population for the
remainder of the time horizon. This approach to modelling a ‘cure’ with CAR-T therapy was
utilised in the ICER review, with general population mortality applied after a time period of 24
months to r/r DLBCL patients receiving CAR-T therapy.71
The use of the 24 month timepoint in this scenario was based on the evidence presented by
Maurer et al. (2014), which showed that patients with DLBCL who achieve disease-free survival
for 24 months after receiving first-line therapy have a subsequent OS similar to that of the ageand sex-matched general population.40 According to a UK clinician, a patient treated at later lines
of therapy may also be considered ‘cured’ after 24 months of sustained remission.2
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx suggesting that the use of the 24 month timepoint as an
assumed ‘cure’ point would not be unreasonable (Figure 18). Furthermore,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (see Figure 17) and
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The assumption in the model that
tisagenlecleucel patients alive at 24 months would have mortality similar to the general
population, in accordance with Maurer et al. (2014), would be consistent with the observations
from the pooled JULIET and Schuster 2017 (NCT02030834) data, as the majority of these
patients are (and continue to be) progression-free at 24 months.40
In Maurer et al. (2014), standardised mortality rates (SMR) for patients with event-free survival at
24 months versus the age- and gender-matched general population were calculated using a
cohort of American patients (N=767; 71% event-free at 24 months) and also a cohort of French
patients (N=820; 73% event-free at 24 months).40 In both cohorts, the SMR was not significant
Company evidence submission template for ID1166

© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 102 of 162

but did tend to be higher than one (US cohort SMR: 1.18; 95% CI: 0.89, 1.57; p=0.25; French
cohort SMR: 1.09; 95% CI: 0.69, 1.74).40 In these scenario analyses, the mortality rate applied to
patients who were alive at 24 months was based on England and Wales life tables (2014–2016;
adjusted for age and gender), adjusted by an SMR of 1.09 or 1.18 from the two cohorts in Maurer
et al. (2014).40, 81 A scenario analysis was also conducted assuming an SMR of 1 based on the
finding from both cohorts in Maurer et al. (2014) that survival for DLBCL patients who are eventfree at 24 months is not significantly different to the general population.40 Up to 24 months, OS
was modelled using the spline model with a single knot, which represented the best-fitting
parametric or spline model, in terms of AIC and BIC, and provided a reasonable fit to the
observed data on visual inspection up to this point (see Table 27 and Figure 22). The survival
curve resulting from the use of the spline model with a single knot extrapolation up to 24 months,
followed by the application of SMR-adjusted general population mortality for the remainder of the
time horizon is presented in Figure 27 (using SMR of 1.09 from the French cohort).
Figure 27: Extrapolation of overall survival using lognormal up to 24 months followed by
SMR-adjusted general population mortality – tisagenlecleucel

SMR = 1.09 from Maurer et al. (2014) – French cohort40
At 24 months the lognormal distribution overestimated survival compared to the observed data, hence the
extension in overall survival predicted beyond 24 months is shown to be above the plateau in the observed data.
Abbreviations: SMR: standardised mortality rate.

For PFS, the spline model with three knots was the best-fitting parametric or spline model, in
terms of AIC and BIC, and also provided an extrapolation in which the plateau in the observed
data was extended across the model time horizon, as would be expected when assuming a ‘cure’
after 24 months (see Table 29 and Figure 25). The spline model with three knots was therefore
used to model PFS in this scenario.
Comparator therapies: salvage chemotherapy and pixantrone monotherapy
As described in Section B.2.8, the Eyre 2016 observational study, which reports OS and PFS
from patients with r/r DLBCL treated with pixantrone monotherapy in the UK since the NICE
TA306 recommendation, is considered to be the most appropriate source of clinical evidence for
patients treated with current therapies in UK clinical practice.14 This is supported by clinicians in
the UK who considered the Eyre 2016 survival data to be representative of the outcomes that
may be expected for patients treated with palliative intent (using either [R-]Gem-Ox, [R-]GDP or
pixantrone monotherapy) in the third- and later-line settings.1, 2
Survival data from Eyre 2016 (i.e. pseudo-IPD generated from the Kaplan-Meier curves reported
in the publication) were therefore extrapolated to determine OS and PFS across the model time
horizon with the same survival inputs used for both salvage chemotherapy ([R-]Gem-Ox and
[R-]GDP) and pixantrone monotherapy. As with tisagenlecleucel, various standard parametric
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and spline models were explored for the extrapolation of the pseudo OS and PFS IPD from Eyre
2016.
Overall survival
Table 31 summarises the AIC and BIC values for each survival model, and the extrapolations of
OS using each model up to 10 years are presented in Figure 28.
Table 31: Summary of goodness-of-fit data for comparator overall survival – using Eyre
2016
Distribution

AIC

BIC

Exponential

376.73

379.22

Weibull

378.69

383.67

Gompertz

378.01

382.98

Log-Normal

381.48

386.46

Log-Logistic

377.81

382.79

Generalised gamma

379.70

387.17

Spline with single knot

379.88

387.35

Spline with two knots

379.94

389.90

Spline with three knots

381.79

394.23

Spline with four knots

382.50

397.43

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.

Figure 28: Extrapolations of overall survival using parametric and spline models –
comparator therapies using Eyre 2016

Based on AIC and BIC values, the exponential, Gompertz and loglogistic models provided the
best statistical fit. On visual inspection of individual survival curves, each of these models
provided a reasonable fit to the observed data, although towards the tail of the observed data the
loglogistic had begun to overestimate OS. As the model with the best statistical fit, the
exponential curve was selected for the base case analysis, with the Gompertz and loglogistic
models explored as part of scenario analyses. The extrapolations of OS using the base case and
scenario mixture cure models up to 10 years are presented in in Figure 29.
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As the standard parametric models provided a reasonable fit to the observed data, the mixture
cure models were not explored for the extrapolation of survival data from Eyre 2016. The use of
mixture cure models for the comparator therapies is considered to be inappropriate given the use
of these treatments as palliative therapy in the third- and later-line setting and the absence of any
clear plateau in the OS Kaplan-Meier curve reported in Eyre et al. (2016).14
Figure 29: Extrapolations of overall survival using the base case (exponential) and
scenario (Gompertz and loglogistic) parametric models – comparator therapies using Eyre
2016

Progression-free survival
Table 32 summarises the AIC and BIC values for each survival model, and the extrapolations of
PFS using each model up to 5 years are presented in Figure 30.
Table 32: Summary of goodness-of-fit data for comparator progression-free survival –
using Eyre 2016
Distribution

AIC

BIC

Exponential

346.70

349.19

Weibull

348.67

353.65

Gompertz

346.87

351.85

Log-Normal

346.45

351.43

Log-Logistic

344.91

349.89

Generalised gamma

346.64

354.10

Spline with single knot

346.94

354.40

Spline with two knots

348.54

358.50

Spline with three knots

350.09

362.53

Spline with four knots

352.32

367.26

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.
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Figure 30: Extrapolations of progression-free survival using parametric and spline models
– comparator therapies using Eyre 2016

The loglogistic model provided the best statistical fit, in terms of AIC and BIC, followed by the
lognormal, generalised gamma, and exponential distributions. Based on an inspection of visual fit
to the observed data, the lognormal provided a similar shape of curve to the loglogistic, with both
curves characterised by a longer-tail compared to the generalised gamma and exponential
distributions. In the base case analysis, the exponential model was used for the extrapolation of
PFS, for consistency with the shape of the OS curve (for which exponential was the best-fitting
model in terms of statistical fit). The loglogistic was also explored as part of a scenario analysis
to provide a more optimistic extrapolation of PFS in the long-term. The extrapolations of PFS
using the base case and scenario parametric models up to 5 years are presented in in Figure 31.
Figure 31: Extrapolations of progression-free survival using the base case (exponential)
and scenario (loglogistic) parametric models – comparator therapies using Eyre 2016
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Scenario analyses for the extrapolation of survival with comparator therapies
Additional scenarios were conducted to explore different sources of evidence for modelling OS
and PFS with salvage chemotherapy and pixantrone monotherapy:
1. Use of PIX301 survival data (salvage chemotherapy and pixantrone monotherapy)
As noted in Section B.2.8, the PIX301 trial was the primary source of evidence used for the
appraisal of pixantrone monotherapy in TA306 as a treatment for patients with multiply-relapsed
aggressive NHL.18, 68 The comparator arm of the PIX301 trial consisted of the investigator’s
choice of single-agent chemotherapy regimens and was accepted during the TA306 appraisal as
being relevant to UK clinical practice in the third- and fourth-line setting.18 A scenario was
therefore conducted in which survival data from the PIX301 trial were used to model OS and PFS
for salvage chemotherapy (using the PIX301 comparator arm) and pixantrone monotherapy
(using the PIX301 pixantrone arm).
The patient population of the PIX301 trial that is of most relevance to this appraisal is the
subgroup of patients with histology confirmed by central review, who had received prior rituximab
and were being treated in the third- or later-line setting (n=30 for pixantrone monotherapy and
n=26 for IC).46 However, as only median OS and PFS was reported in the publication by
Pettengell et al. (2016) for this subgroup, the use of pseudo-IPD generated from the KaplanMeier curves for the overall population was required.46, 68 In summary, the pseudo-IPD from the
overall population were extrapolated using the best-fitting standard parametric or spline model
and the resultant curve was then adjusted (assuming proportional hazards) to produce a survival
curve that passed through the median value reported in Pettengell et al. (2016) for the relevant
subgroup. Further details are provided in Appendix J.
2. Use of SCHOLAR-1 data for salvage chemotherapy OS – pooled data from the relevant
subgroups (refractory to second- or later-line therapy and relapsed ≤12 months after
autologous SCT) (salvage chemotherapy only)
The SCHOLAR-1 meta-analysis of patient-level data from four clinical studies was identified in
the SLR as being a potentially relevant source of OS data for salvage chemotherapy.45 However,
there are several differences between the SCHOLAR-1 patient population and the patient
population of interest in this appraisal that limits the relevance of the OS data reported from the
analysis for this appraisal; namely, a) only refractory patients were included in the SCHOLAR-1
meta-analysis, b) primary refractory patients were included in the SCHOLAR-1 meta-analysis
following first-line therapy (i.e. some patients had not received two or more lines of therapy), and
c) a relatively high proportion of patients received subsequent SCT (180/603 [29,9%]) in the
overall population when compared to clinical practice in the UK for patients in the third- and
fourth-line setting (approximately 5%).2, 45 With regards to the final point, the authors of the
SCHOLAR-1 noted that the long-term survival observed in the analysis was likely driven by those
patients who received a subsequent SCT and so the mean OS from extrapolations using
SCHOLAR-1 are believed to considerably overestimate the expected survival of patients in the
UK.45
For transparency, a scenario analysis has been conducted using OS data from the SCHOLAR-1
meta-analysis and specifically using the pooled data from the relevant subgroups of the
SCHOLAR-1 population (i.e. refractory to second- or later-line therapy and relapsed ≤12 months
after autologous SCT), thus excluding patients included in SCHOLAR-1 who were primary
refractory only (see Section B.2.8). Extrapolations of OS from these pooled subgroups was
performed using the spline model with two knots, which represented the best-fitting of the
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standard parametric and spline models in terms of AIC and BIC (see Appendix J). Even with the
exclusion of primary refractory patients who had not received two or more therapies, the longterm OS predicted in this scenario analysis is expected to overestimate the life-expectancy of
patients in UK clinical practice due to the high rate of subsequent SCT in the SCHOLAR-1 overall
population compared to UK clinician estimates.
As PFS data were not reported in the SCHOLAR-1 meta-analysis, a PFS curve for this scenario
analysis was generated by applying a HR for PFS versus OS to the extrapolated OS curve, with
the implicit assumption that the cumulative hazard function for PFS would be proportional to
cumulative hazard function for OS. Given the high correlation between PFS and OS in NHL, this
assumption was considered to be reasonable.82 The ratio that was applied (0.65) was based on
the mean cumulative HR from the CORAL study, which was one of the RCTs included in the
SCHOLAR-1 meta-analysis.41
Summary of survival inputs for the base case analysis
The survival inputs for the base case analysis are summarised in Table 33 and the OS and PFS
survival curves for tisagenlecleucel and comparators are presented Figure 32 and Figure 33,
respectively.
Table 33: Summary of survival inputs for the base case analysis
Intervention

Overall survival

Progression-free survival

Tisagenlecleucel

Lognormal mixture cure model
using pooled JULIET and Schuster
2017 (NCT02030834) data

Lognormal mixture cure model
using pooled JULIET and Schuster
2017 (NCT02030834) data

Comparator
therapies

Exponential model using Eyre 2016

Exponential model using Eyre 2016

Figure 32: Extrapolations of overall survival in the base case analysis – tisagenlecleucel
and comparator therapies

Figure 33: Extrapolations of progression-free survival in the base case analysis –
tisagenlecleucel and comparator therapies

The clinical plausibility of the curves selected for the base case analysis was assessed by
validating the predicted outcomes with clinicians in the UK:
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For tisagenlecleucel, feedback from clinicians was that a cure fraction of xxxxx% (i.e. the range
of cure fractions predicted by the tisagenlecleucel OS mixture cure models) would be
reasonable given the data available from the tisagenlecleucel trials, but that in clinical practice
the proportion of patients who might be considered to be ‘cured’ would likely be towards the
lower end of what is seen in clinical trials.1, 2



For comparators, the proportions of patients alive and alive/progression-free predicted by the
base case survival models for OS and PFS at a series of timepoints (6, 12, 24, 36, 48, 60 and
120 months) were considered by the clinicians to be reasonable estimates of survival for r/r
DLBCL patients in the UK receiving treatment in the third- and later-line setting.1, 2 In particular,
clinicians noted that it would be highly unlikely for patients to be alive at 24 months and that no
patients would be expected to be alive after 60 months – the proportion of patients alive
predicted by the model at these timepoints were 4% and <1%, respectively, in the base case
analysis.

Adverse events
AEs included in the model were those of Grade 3 or 4 severity reported at an incidence of ≥5%
for any intervention or comparator (see Table 34). The incidence of AEs was based on the latest
data cut-off date of the JULIET trial (8th December 2017) for tisagenlecleucel and the overall
population of the PIX301 trial for pixantrone monotherapy.49, 68 Of the salvage chemotherapy
trials identified in the clinical SLR, the only [R-]Gem-Ox or [R-]GDP trial that was identified (El
Gnaoui et al. [2007] for [R-]Gem-Ox) did not comprehensively report the incidence of AEs, and
safety outcomes were not reported in the SCHOLAR-1 meta-analysis.45, 83 Therefore, the Phase
II trial conducted by Witzig et al. (2008), which enrolled r/r DLBCL patients between 2000–2003
for treatment with R-DHAP and provided a comprehensive report of Grade 3 and 4 AEs with RDHAP, was used for the incidence of AEs with salvage chemotherapy.84 Despite the limitations of
this trial in terms of prior therapies (i.e. two-thirds of patients had not received prior rituximab)
and the use of R-DHAP, which is one of the more intensive salvage chemotherapy regimens
compared to [R-]Gem-Ox for [R-]GDP, the safety outcomes reported in this trial are considered
to be the most appropriate for patients treated with salvage chemotherapy in the model, in the
absence of other sources of safety data from the SLR.84 Furthermore, adverse events, such as
febrile neutropaenia, and nausea and vomiting, that were highlighted by a UK clinician as being
associated with salvage chemotherapy regimens, were reported by patients included in the
trial.2, 84
In addition to the AEs listed in Table 34, a proportion of patients treated with tisagenlecleucel
(15.3%) were assumed to require treatment with intravenous immunoglobulin (IVIG) for B-cell
aplasia.49, 53 The proportion of patients requiring IVIG replacement therapy was not reported in
the JULIET trial and so it has instead been assumed that all patients with decreased blood
immunoglobulin G, decreased immunoglobulins, hypogammaglobinaemia and immunodeficiency
common variable (any grade, as reported in the JULIET trial) would receive IVIG treatment. The
median duration of IVIG treatment was assumed to be 11.4 months based on the median time of
B-cell recovery reported in a pooled analysis of two trials of tisagenlecleucel in patients with
acute lymphoblastic leukaemia (ALL).85
The costs associated with the management of AEs are presented in Section B.3.5.3. The
disutility of AEs was assumed to be captured as part of a general treatment disutility value, with
CRS being the only AE to have a specific disutility value associated with it (see Section B.3.4.4).
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Table 34: Incidence of Grade 3 or 4 adverse events included in the model
Tisagenlecleucel

Salvage
chemotherapy

Pixantrone

Abdominal Pain

xxxx

0.0%

7.4%

Acute kidney injury

xxxx

3.5%

0.0%

Anaemia

xxxxx

22.8%

5.9%

Anorexia

xxxx

5.3%

2.9%

Blood creatinine
decreased

xxxx

7.0%

0.0%

CRS

xxxxx

0.0%

0.0%

Diarrhoea

xxxx

7.0%

0.0%

Dyspnoea

xxxx

0.0%

5.9%

Fatigue

xxxx

12.3%

2.9%

Febrile neutropeania

xxxxx

22.8%

7.4%

Hypokalaemia

xxxx

22.8%

2.9%

Hypophosphataemia

xxxxx

0.0%

0.0%

Hypotension

xxxx

0.0%

2.9%

Infection

xxxx

5.3%

5.9%

Nausea

xxxx

17.5%

0.0%

Neutropenia

xxxxx

78.9%

41.2%

Neutrophil count
decreased

xxxxx

0.0%

4.4%

Platelet count
decreased

xxxxx

0.0%

2.9%

Pyrexia

xxxx

0.0%

4.4%

Thrombocytopenia

xxxxx

91.2%

11.8%

Vomiting

xxxx

12.3%

0.0%

White blood cell
count decreased

xxxxx

0.0%

23.5%

Adverse event

Decreased appetite with tisagenlecleucel was considered for ‘anorexia’; upper respiratory tract infection
(tisagenlecleucel), infection with or without neutropeania (salvage chemotherapy) and pneumonia (pixantrone)
were all considered for ‘infection’; renal failure with salvage chemotherapy was considered for acute kidney injury.
Abbreviations: AE: adverse event; CRS: cytokine release syndrome.
Source: JULIET Data on File (8th December 2017)49 for tisagenlecleucel; Witzig et al, (2008)84 for salvage
chemotherapy; Pettengell et al (2012)68 for pixantrone monotherapy.

Measurement and valuation of health effects
Health-related quality-of-life data from clinical trials
In the JULIET trial, HRQoL data were collected using the disease-specific FACT-Lym instrument
and also the SF-36.47, 50 Data were collected at screening, Month 3, 6, 12, and xx for xxx, xx, xx,
xx and x patients, respectively. The baseline scores and mean changes from baseline in each of
these HRQoL measures are presented in Section B.2.5.1.
No EQ-5D data were collected from patients in the JULIET trial.
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Mapping
Since EQ-5D were not collected in the JULIET trial, EQ-5D utility values were derived by
mapping SF-36 data collected in the trial to utility values. The use of mapping to derive EQ-5D
utility values in the absence of EQ-5D trial data is recommended in the NICE reference case.
According to the Health Economics Research Centre (HERC) database of mapping studies,
there is no existing mapping algorithm from SF-36 to EQ-5D utility values developed among
lymphoma patients.86 However, a mapping algorithm that was developed by Rowen et al. (2009)
based on a UK hospital database collected from general population in UK, Health Outcomes
Data Repository (HODaR), has been published and was used to map the JULIET trial SF-36
data to EQ-5D.69 HODaR is collected from a prospective survey of inpatients and outpatients at
Cardiff and Vale NHS Hospitals Trust, which is a large University Hospital in South Wales, UK.
The survey includes all subjects aged 18 years or older and excludes individuals who are known
to have died or with a primary diagnosis on admission of a psychological illness or learning
disability.
Based on individual patients' health states at the time of SF-36 evaluation in the JULIET trial,
observed SF-36 values were classified into the following categories corresponding to the health
states in the model:


SF-36 measures for relapsed state before treatment: any SF-36 assessments before the
treatment start date, where patients were in relapsed/refractory state from prior treatments.



SF-36 measures for PFS: any SF-36 assessments when patients are in the PFS state, i.e. on
or after the treatment start date and before the date of the first documented progression or
death due to any cause. PFS definition is consistent with the PFS definition used in the JULIET
trial protocol.



SF-36 measures for Post-PFS: any SF-36 assessment on or after the PFS event or the
censoring date.

EQ-5D utility scores based on UK preference-weights were calculated based on individual
dimension scores of SF-36 based on the mapping algorithm reported in Rowen et al. (2009).69
This analysis did not impute values for missing evaluations. Descriptive statistics on the mapped
EQ-5D utility values and the total sample size by the above health state categories are shown in
Table 35. The utility values associated with each health state were estimated using a generalised
estimating equation (GEE) model with a robust variance estimator to account for correlation
within patients' repeated assessments. The results are presented in Figure 34.
Table 35: Descriptive statistics on EQ-5D utility values in the JULIET trial
Health States

N patientsa

N assessments

Mean

SD

Relapsed state before
treatment

xxx

xxx

xxxx

xxxx

PFS

xx

xx

xxxx

xxxx

Post-PFS

xx

xx

xxxx

xxxx

a

The same patient can have multiple health states at different visits. The statistics presented here reflect the
number of patients with at least one assessment with the specified health state
Abbreviations: EQ-5D: EuroQol 5-Dimensions; PFS: progression-free survival; SD: standard deviation.

Figure 34: Estimated EQ-5D utility score by health states using GEE model
x
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Abbreviations: EQ-5D: EuroQol 5-Dimensions; GEE: generalised estimating equation; PFS: progression-free
survival.

Health-related quality-of-life studies
An SLR was performed to identify any relevant HRQoL data for adult patients with r/r DLBCL
who have failed at least two previous treatment regimens. Searches were performed in
November 2017 and full details of the SLR search strategy and study selection process are
reported in Appendix F. No studies reporting utility data for the population of interest were
identified in the SLR.

Adverse reactions
A decrement in utility of 0.15, based on that reported for salvage chemotherapy in a costeffectiveness analysis of patients being treated for Hodgkin’s disease, was applied to all
treatments and was assumed to capture the utility decrements for all short-term AEs, with the
exception of CRS.87 These treatment disutilities were assumed to apply for the duration of
treatment for comparators and for the duration of the hospitalisation starting from the pretreatment lymphodepleting regimen for tisagenlecleucel. A scenario was also conducted in which
no treatment disutility was applied to any of the interventions.
For tisagenlecleucel, an additional disutility was considered for Grade 3 or 4 CRS and ICU stays
not due to CRS. For both events, patients were assumed to have a utility of 0 (i.e. a disutility of
xxxx based on PFS utility) for the duration of the CRS-related or non-CRS-related ICU stay (xxxx
days for CRS-related stays and xxxx days for non-CRS-related stays, estimated using data on
ICU length of stay the JULIET trial). All tisagenlecleucel patients with Grade 3 or 4 CRS were
assumed to require an ICU stay and thus incurred the utility decrement. Given that xxxx% of
patients were admitted to ICU due to CRS in the JULIET trial, this is considered to be a
conservative assumption.49
Subsequent SCT disutility
For the proportion of patients receiving subsequent SCT (see Section B.3.5.1), patients were
assumed to have additional disutility related to subsequent SCT in order to capture the
detrimental impact of any complications or AEs associated with SCT. A disutility value of 0.3 per
month was applied for those patients who received a subsequent SCT. The same value was
used for both allogeneic SCT and autologous SCT and was derived from the utility value
reported by Guadagnolo et al. (2006).87 As Guadagnolo et al. 2006 did not report any estimate of
duration associated with the reported disutility estimates, the disutility associated with SCT was
assumed to last for 365 days.

Health-related quality-of-life data used in the cost-effectiveness
analysis
A summary of the utility values used in the cost-effectiveness analysis are presented in Table 36.
In the absence of health-state utility values on each individual treatment, these utilities were
assumed to be the same for each intervention in the model. For patients who were still alive in
the model beyond 24 months, it was assumed that utility for these patients would be the same as
those in PF, irrespective of health state. Those alive at this point may be considered to be
potential ‘long-term’ survivors of DLBCL, based on clinician feedback and evidence from Maurer
et al. (2014), and are thus assumed to accrue similar utility to those who are progression-free.2, 40
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As part of scenario analyses, health-state utility values that were used in the appraisal of
pixantrone monotherapy in TA306 have also been applied in the model for PF and PD utility.18
These include the utility values from the manufacturer’s submission and those included in the
revised model following the appraisal consultation stage (see Table 37). None of these values
were derived from r/r DLBCL patients and so given the availability of utility values derived from
HRQoL data collected from patients in the JULIET trial, the health-state utility values used in the
base case analysis are considered to be the most relevant for the patient population of interest.
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Table 36:Summary of utility values for cost-effectiveness analysis
Health State

Utility/Disutility Value

Duration

% of
patients

-

-

-

-

-

-

Reference in
submission

Justification

Section
B.3.4.2

The utility inputs for PF and PD were obtained from SF36 data collected in the JULIET trial which were then
mapped to EQ-5D. The SF-36 data were categorised by
the patient’s health state at the time to estimate
differences in utility between PF and PD.
The use of HRQoL data measured directly from patients
are consistent with the NICE reference case, as is the
use of mapping functions to derive EQ-5D from the
HRQoL trial data.

xxxx

Progression-free

Progressed
disease

xxxx

0

Death

Assumption
-

Long-term survival
(24 months)

Assumption

xxxx

Treatment disutility
-0.15

26 daysa

-

[R-]Gem-Ox

-0.15

42 days

a

-

[R-]GDP

-0.15

63 daysa

Pixantrone
monotherapy

-0.15

112 daysa

Related to CRS

-xxxxb

xxxx daysc

xxxx%

Not related to CRS

-xxxxb

xxxx daysd

-

Tisagenlecleucel

-

Section
B.3.4.4

-

Treatment disutility was assumed to capture disutility
related to AEs (other than CRS). The same disutility
value was applied across all treatments based on the
value used in Guadagnolo et al. (2006)87

Disutility due to ICU stay

Subsequent SCT
disutility
Autologous or
allogenic

Decrement

Duration

Disutility
per month

-0.3

365 days

-0.025

-

Section
B.3.4.4

Section
B.3.4.4
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Based on the JULIET trial (8th December 2017)49
Based on the JULIET trial (8th December 2017)49

Based on Guadagnolo et al. (2006)87

a

The disutility duration for comparators was assumed to be the same as the length of the induction regimens and therefore differs between individual salvage chemotherapy
regimens. The disutility duration for tisagenlecleucel is assumed to be the same as the length of hospital stay starting from lymphodepleting. b For tisagenlecleucel patients only.
Patients were assumed to have 0 utility when they are in ICU. A disutility of -0.83 is estimated based on the progression-free survival utility. The same disutility is considered for
ICU stay due to CRS and ICU stay not due to CRS. c The duration of CRS disutility is assumed to be the same as the mean duration of ICU stay due to CRS. d Average days of
ICU stay not due to CRS are obtained from JULIET trial. The total number of ICU days is calculated and averaged across all patients who received tisagenlecleucel infusion.
Abbreviations: AE: adverse event; CRS: cytokine release syndrome; EQ-5D: EuroQol 5-Dimensions; HRQoL: health-related quality of life; ICU: intensive care unit; PD:
progressed disease; PF: progression free; SCT: stem cell transplant; SF-36: Short Form Health Survey.

Table 37: Health-state utility values from TA306 used in scenario analyses
Progression-free
utility value

Progressed
disease utility
value

Manufacturer’s submission

0.81

0.60

Based on EQ-5D data collected from elderly patients (aged ≥65
years) with aggressive NHL treated with CHOP chemotherapy in
the first-line setting.88

Revised model

0.76

0.68

Used by the Assessment Group in TA178 for patients with renal
cell carcinoma in the second-line setting89

Source

Description

Abbreviations: CHOP: cyclophosphamide, doxorubicin, vincristine and prednisolone; EQ-5D: EuroQol 5-Dimensions; NHL: non-Hodgkin’s lymphoma.
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Cost and healthcare resource use identification,
measurement and valuation
An SLR was performed to identify any relevant cost and healthcare resource use data associated
with the treatment of adult patients with r/r DLBCL who have failed at least two previous
treatment regimens. Searches were performed in November 2017 and full details of the SLR
search strategy and study selection process are reported in Appendix G. The SLR identified 4
eligible studies reported in 5 publications, of which only Wang et al. (2017) was a UK-based
study:90


Maziarz et al. (2016)91 and Maziarz et al. (2018)92 assessed short-term and long-term
healthcare resource utilisation and costs following an allogeneic HSCT in adult patients with
DLBCL in a real-world setting (USA)



Wang et al. (2017)90 predicted the costs and life expectancy of treating DLBCL with a discrete
event based micro-simulation model (UK)



Purdum et al. (2017)93 estimated the costs and healthcare use among DLBCL patients who
progressed beyond first-line therapy, including adult (age ≥18 years) DLBCL patients who
received R-CHOP as first line treatment and received HSCT later due to early relapse, late
relapse or refractory status (USA)



Danese et al. (2017)77 examined the outcomes associated with second-line treatment
regimens provided in the outpatient setting, and estimated the costs associated with relapsed
and refractory second-line therapy in elderly (aged ≥65 years) DLBCL patients (USA)

Costs included in the model
The analysis was conducted from the NHS and PSS perspective and therefore included only
costs that would be incurred by the NHS and PSS. Appropriate sources of unit costs, such as
NHS reference costs 2016–17, British National Formulary (BNF) online (accessed April 2018),
and electronic Marketing Information Tool (eMIT) 2017, were used for cost inputs in the model.
Specifically, the following cost components were considered in the model: pre-treatment
lymphodepleting costs for tisagenlecleucel arm, drug and procedure acquisition costs for
interventions and comparators, associated drug administration costs, associated hospitalisation
and ICU costs, AE costs, subsequent SCT costs, other medical costs (by health state), and
terminal care costs.
In the base case analysis, vial sharing was not considered in the calculation of drug acquisition
costs, with the number of vials per dose rounded up to the nearest vial. A scenario analysis was
conducted in which vial sharing was considered.

Intervention and comparators’ costs and resource use
Tisagenlecleucel
Pre-treatment costs
As described in Section B.3.2.3, tisagenlecleucel is associated with costs for the following
activities prior to receiving a tisagenlecleucel infusion. The costs associated with each of these
pre-treatment activities were applied in the first cycle of the model:
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Leukapheresis: to obtain T-cells from the patient

The cost of leukapheresis was estimated to be £1,020 based on the NHS Reference Cost schedule
2016-2017 (Elective Inpatient, SA43Z Leucopheresis).94 It was assumed that all tisagenlecleucel
patients would receive leukapheresis and so this cost was applied to all patients regardless of
whether they received a tisagenlecleucel infusion or not.


Bridging chemotherapy: to stabilise disease whilst waiting for tisagenlecleucel manufacturing
and infusion

Based on feedback from a UK clinician, it is expected that patients would receive a single round
of salvage chemotherapy as ‘bridging chemotherapy’ whilst they waited for their tisagenlecleucel
infusion.2 The drug acquisition and administration costs of one cycle of either [R-]Gem-Ox or
[R-]GDP was therefore added to the pre-treatment cost associated with tisagenlecleucel in the
base case analysis (see ‘Salvage chemotherapy’ costs for the drug acquisition and
administration costs), with the choice of bridging chemotherapy regimen the same as the salvage
chemotherapy regimen used as a comparator (i.e. for pairwise comparisons vesus [R-]Gem-Ox,
bridging chemotherapy was assumed to consist of one cycle of [R-]Gem-Ox). The proportion of
patients who received bridging chemotherapy in the model (91.9%) was based on the data from
the JULIET trial (8th December 2017 data cut-off date).49 Of those patients who did not receive a
tisagenlecleucel infusion, it was assumed that 50% would have received bridging chemotherapy
prior to discontinuation or death.


Lymphodepleting chemotherapy: to facilitate engraftment and homeostatic expansion of
tisagenlecleucel cells

Based on the JULIET trial protocol and the recommendations in the draft SmPC, patients were
assumed to receive either fludarabine (25 mg/m2 iv daily for 3 doses) and cyclophosphamide
(250 mg/m2 iv daily for 3 doses starting with the first dose of fludarabine) or bendamustine (90
mg/m2 iv daily for 2 days), with the proportion of patients receiving each lymphodepleting
regimen based on the relative use of these regimens by patients in the JULIET trial.10, 49 The cost
of lymphodepleting chemotherapy used in the model is presented in Table 38. The proportion of
patients who received lymphodepleting chemotherapy in the model (92.8%) was based on the
data from the JULIET trial (8th December 2017 data cut-off date).49, 53 Of those patients who did
not receive a tisagenlecleucel infusion, it was assumed that 50% would have received
lymphodepleting chemotherapy prior to discontinuation or death.
Treatment and administration costs
The cost of a single infusion of tisagenlecleucel cells is £282,000 (list price). Based on the data
from the JULIET trial, the majority of patients who received a tisagenlecleucel infusion were
assumed to require hospitalisation at some point from the start of lymphodepleting chemotherapy
(xxxxx%) and the average length of hospitalisation stay (excluding ICU admissions) was xxxxx
days and xxxx days for ICU admissions not related to CRS.49 Patients who did not require
hospitalisation (xxxx%) were modelled to receive tisagenlecleucel in the outpatient setting. The
costs of tisagenlecleucel infusion and hospitalisation stays (not related to CRS) associated with
tisagenlecleucel are summarised in Table 39. Each of these costs were applied in the first cycle
of the model. Tisagenlecleucel patients who were modelled not to receive a tisagenlecleucel
infusion for reasons other than death (see Section B.3.2.3), were instead assumed to receive
salvage chemotherapy, with 50% of patients assumed to receive [R-]Gem-Ox and 50% of
patients assumed to receive [R-]GDP. The cost of tisagenlecleucel infusion was only applied to
those patients who received tisagenlecleucel infusion.
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Table 38: Lymphodepleting chemotherapy costs
Cost of
lymphodepleting
regimen

Defined
dosinga

Price per Number of
pack or vials per
vialb
infusion

Number of
infusions
per cyclea

Drug
cost

Admin cost
per day of
infusionc

Number of
infusion
days per
cycle

Outpatient
administration
costs

% in
outpatient
setting

Proportion
of patientsd

£94.89

£194.73

3

£584.18

xxxx%

xxxxx%

£95.90

£189.54

2

£379.09

xxxx%

xxxxx%

Regimen 1
Fludarabine

25 mg/m²
daily for 3
doses

£23.01

Cyclophosphamide

250 mg/m²
daily for 3
doses

£8.62

1

3

90 mg/m²
daily for 2
days

£6.85

7

2

1

3

Regimen 2
Bendamustine
Total treatment cost

£95.11

£34.08

a

The dosing schedule and number of doses were obtained from the JULIET trial protocol and are consistent with the recommended regimens in the Summary of Product
Characteristics. b Drug acquisition costs were obtained from the eMIT national database, 2018 (fludarabine and cyclophosphamide) and from the BNF online, 2018
(bendamustine). When multiple pack sizes were available for the same drug, the pack size that minimised the total drug cost was selected. c The cost of administration was
obtained from the NHS National Reference Cost schedule 2016–17 (Deliver Simple Parenteral Chemotherapy at First Attendance: SB12Z and Deliver Subsequent Elements of
a Chemotherapy Cycle: SB15Z; Outpatient) and are only considered for the proportion of patients managed in the outpatient setting.94 The admin cost per day of infusion is
calculated as the cost of delivery at first attendance plus the cost of delivery of subsequent elements for the remaining number of infusion days per cycle, divided by the total
number of infusion days per cycle. d The percentage of patients receiving each regimen is based on the relative use of each regimen in the JULIET trial.
Abbreviations: BNF: British National Formulary; eMIT: electronic Marketing Information Tool.
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Table 39: Tisagenlecleucel infusion costs (and other hospitalisation costs)
Cost of tisagenlecleucel
infusion
Tisagenlecleucel
infusion
% in outpatient setting

Input

Source

£282,000

List price

xxxxx

Average cost per
outpatient administrationa

£269.86

Outpatient
administration cost

£17.02

Based on the JULIET trial (8th December 2017)49
NHS National Reference Cost schedule 2016–17
(Deliver Complex Chemotherapy, including Prolonged
Infusional Treatment, at First Attendance: SB14Z;
Outpatient)94

Cost of hospitalisation

Input

Proportion requiring
hospitalisation after
tisagenlecleucel infusionc

xxxxxx

Based on the JULIET trial (8th December 2017)49

Average LOS (not in
intensive care), daysc

xxxxx

Based on the JULIET trial (8th December 2017)49

Average cost per day in
hospital
Total cost (not in
intensive care)
Average LOS in intensive
care not due to CRS, days

£431.28

Source

NHS National Reference Cost schedule 2016–17
(weighted average of Malignant Lymphoma, including
Hodgkin's and Non-Hodgkin's, SA31A to SA31F; excess
bed days)94

£10,690.99
xxxx

Average cost per day in
intensive care

£981.30

Total ICU cost (not due
to CRS)

£843.39

Based on the JULIET trial (8th December 2017)49
NHS National Reference Cost schedule 2016–17
(weighted average of Medical adult patients (unspecified
specialty) XC01Z to XC07Z; Critical Care) 94

a The

costs of administration are only considered for the proportion of patients managed in the outpatient setting. c
All hospitalisation stays starting from lymphodepleting therapy are summarised. ICU stays are estimated separately
and are subtracted from the hospitalisation days.
Abbreviations: CRS: cytokine release syndrome; LOS: length of stay;
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Comparator therapies
Salvage chemotherapy
The drug acquisition and administration costs for [R-]Gem-Ox and [R-]GDP are presented in
Table 40 (drug acquisition costs) and Table 41 (administration costs). The dosing schedules and
treatment cycle lengths for each regimen were based on the treatment protocol in the London
Cancer Guidelines for NHL patients ([R-]Gem-Ox)and the LY.12 trial protocol ([R-]GDP),
respectively.42, 74 For both regimens, it was assumed that patients would receive three cycles of
treatment based on treatment protocols and patient information provided by NHS trusts.75, 76
Based on clinician feedback, both regimens were assumed to be administered in the outpatient
setting and 50% of patients were assumed to receive rituximab as part of either regimen.1-3 A
scenario analysis has also been conducted in which the proportion of salvage chemotherapy
patients receiving rituximab (60.8%) was based on that reported by Danese et al. (2017).77 The
price of rituximab used in the model was based on the biosimilar versions (Rixathon® and
Truxima®), as reported in the BNF online, 2018.
Pixantrone monotherapy
The drug acquisition and administration costs for pixantrone monotherapy (50 mg/m2 on days 1,
8 and 15 of a 28-day cycle) are presented in Table 42.68, 78 It was assumed that patients would
receive two cycles of pixantrone monotherapy based on the median number of cycles reported in
Eyre et al. (2016).14 This is lower than the median number of cycles reported in PIX301 (four
cycles) and the maximum number of cycles recommended in the SmPC (six cycles).68, 78 In the
scenario in which the PIX301 subgroup data are used for pixantrone survival inputs (see Section
B.3.3.2), the median number of cycles was increased to four for consistency with the source of
efficacy data used in the model. As part of the administration cost for the first cycle of pixantrone
monotherapy, the cost of pre-treatment monitoring (consisting of two biochemistry tests, a blood
count and an echocardiogram) was included, as described in the manufacturer’s submission for
TA306.18
Pixantrone monotherapy is only recommended for use in the NHS in England when it is provided
with a Patient Access Scheme (PAS) discount.18 However, as the level of this discount is not
publicly available, analyses have been presented using the list price of pixantrone monotherapy
only.
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Table 40: Salvage chemotherapy regimen drug costs
Defined
dosinga

Price per
pack or vialb

Number of
vials per
infusion

Number of
infusions per
cycleb

1000 mg/m²
on day 2

£7.75

2

1

Oxaliplatin

100 mg/m² on
day 2

£3.81

4

1

Rituximab

375 mg/m² on
day 1

£314.33

4

1

Gemcitabine

1000 mg/m²
on days 1
and 8

£7.75

2

2

Dexamethasone

40 mg daily
on days 1-4

£14.46

1

4

Cisplatin

75 mg/m² on
day 1

£4.48

2

1

Rituximab

375 mg/m² on
day 1

£314.33

4

1

Drug cost per
cycle

Average
number of
cyclesa

Total drug cost

£659.40

3

£1,978.20

£726.46

3

£2,179.38

[R-]Gem-Ox
Gemcitabine

[R-]GDP

a

The dosing schedules and treatment cycle lengths for each regimen were based on the treatment protocol in the London Cancer Guidelines for NHL patients ([R-]Gem-Ox)and
the LY.12 trial protocol ([R-]GDP), respectively.42, 74 For both regimens, it was assumed that patients would receive three cycles of treatment based on treatment protocols and
patient information provided by NHS trusts.75, 76 b Drug acquisition costs were obtained from the eMIT national database, 2017 (gemcitabine, oxaliplatin, dexamethasone, cisplatin)
and from the BNF online, 2018 (rituximab). When multiple pack sizes were available for the same drug, the pack size that minimised the total drug cost was selected. The price
of rituximab was based on the price of biosimilar versions.
Abbreviations: BNF: British National Formulary; eMIT: electronic Marketing Information Tool.
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Table 41: Salvage chemotherapy outpatient administration costs
Average
number of
cycles

Cycle
length
(days)

[R-]Gem-Ox

3

14

[R-]GDP

3

21

Admin cost per
day of infusiona

Number of
infusion days per
cycle

Outpatient admin cost
per cycle

2

£189.54

Total outpatient admin
cost
£1,137.26

£379.09

2

£1,137.26

a

Patients were assumed to receive salvage chemotherapy regimens in the outpatient setting and the cost of administration was obtained from NHS National Reference Cost
schedule 2016–17 (Deliver Simple Parenteral Chemotherapy at First Attendance: SB12Z and Deliver Subsequent Elements of a Chemotherapy Cycle: SB15Z; Outpatient).94
The admin cost per day of infusion is calculated as the cost of delivery at first attendance plus the cost of delivery of subsequent elements for the remaining number of infusion
days per cycle, divided by the total number of infusion days per cycle.

Table 42: Pixantrone monotherapy costs

First administration
Subsequent administrations

Defined dosinga

Price per pack
or vialb

Number of vials
per infusion

50 mg/m² on days 1, 8 and 15

£553.50

4

Number of infusions
per cyclea

Admin cost per day
of infusionc

1

£173.99

2

£205.09
Cycle length (days)

Drug cost per cycle

Outpatient admin cost per cycle

Average number of
cyclesa

First cycle

£6,642.00

£659.84d

1

Subsequent cycles

£6,642.00

£584.18

1

Total

£13,284.00

£1,244.01

a

28

Dosing schedule, number of infusions per cycle and cycle length were obtained from the Summary of Product Characteristics and Pettengell et al. (2012).68, 78 The average
number of cycles was based on Eyre 2016.14 b Drug unit cost for pixantrone was obtained from the BNF online, 2018. c The cost of administration was derived from the NHS
National Reference Cost schedule 2016–17 (Deliver Simple Parenteral Chemotherapy at First Attendance SB12Z; Outpatient and Deliver Subsequent Elements of a
Chemotherapy Cycle SB15Z; Outpatient).94 d The first cycle outpatient admin cost includes the cost of pre-treatment monitoring = £75.66 (two biochemistry tests [NHS National
Reference Cost schedule 2016–17, DAPS04], blood count [NHS National Reference Cost schedule 2016–17 DAPS08], and echocardiogram [NHS National Reference Cost
schedule 2016–17, weighted average of IMAGDA, IMAGOP, IMAGOTH], conducted prior to patients receiving pixantrone), as described in TA306.18, 94
Abbreviations: BNF: British National Formulary.
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Subsequent therapy: stem cell transplantation
As described in Section B.1.3.2, patients treated with salvage chemotherapy in the second-line
setting may be considered for subsequent SCT if they are fit enough and have achieved a
complete or partial remission with salvage chemotherapy.12, 15, 16 However, at the third- and laterline setting, salvage chemotherapy is typically given with palliative intent rather than as an
induction therapy for SCT, with few patients going on to receive a subsequent SCT
(approximately 5% according to one UK clinician).1, 2 Given the potential for patients to receive
transplantation and the high cost associated with this procedure, the option to apply a cost for
subsequent SCT to a proportion of patients has been included in the model (a disutility for
subsequent SCT is described in Section B.3.4.4).
Subsequent SCT rates were not reported in Eyre et al. (2016) and so for consistency with the
source of efficacy data used in the model for the comparator therapies, it was assumed that no
patients treated with salvage chemotherapy or pixantrone monotherapy would receive
subsequent SCT in the base case analysis.14 In the scenario analysis in which the SCHOLAR-1
efficacy data were used for salvage chemotherapy, 29.9% patients were assumed to receive
subsequent SCT, based on the number of patients receiving transplantation after refractory
status was determined, as reported in Crump et al. (2017), with the proportion of patients
receiving autologous and allogeneic SCT based on the extension studies of the CORAL trial.45, 95,
96i For tisagenlecleucel, the proportion of patients who receive SCT in the model (allogeneic or
autologous) was based on the JULIET trial (see Table 43). At the time of the latest data cut-off
date (8th December 2017; N=111), xxx patients had received an allogeneic SCT and xxx patient
had also received an autologous SCT following a tisagenlecleucel infusion.49
Table 43: Proportion of patients receiving subsequent SCT
Subsequent
allogeneic SCT
(%)

Subsequent
autologous
SCT (%)

Source

Tisagenlecleucel

xxxxx

xxxxx

JULIET trial (8th December 2017)49

Salvage
Chemotherapy

0.00%

0.00%

Assumption

Pixantrone

0.00%

0.00%

Assumption

Abbreviations: SCT: stem cell transplantation.

The cost of autologous and allogeneic SCT included three components: (i) stem cell harvesting,
(ii) the SCT procedure, and (iii) follow-up costs up to 24 months. In the base case analysis, the
cost of stem cell harvesting and the cost of the procedure were based on NHS National
Reference cost schedule 2016–17.94 The cost of follow-up was based on that reported in the UK
Stem Cell Strategy Oversight Committee Report (2004).97 These sources for SCT costs were
i

As autologous and allogeneic SCT were not reported separately in the SCHOLAR-1 meta-analysis, the proportion
of subsequent SCT patients receiving each type of transplantation was based on the relative use of each SCT type
in the two extension studies of the CORAL trial. The CORAL extension studies reported outcomes for patients
treated in the third-line setting who had either relapsed after autologous SCT or who had failed to receive an
autologous SCT in the second-line setting (as per the CORAL trial protocol). The proportion of patients receiving
each type of SCT in the model was derived from the average of the results from the two extension studies, weighted
by the proportion of patients with prior SCT in the JULIET trial, with these proportions then applied to the total
proportion of patients receiving subsequent SCT, as given by the SCHOLAR-1 meta-analysis to give the proportion
of patients receiving subsequent allogeneic SCT (11.75%) and autologous SCT (18.10%) in the salvage
chemotherapy arm.
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preferred in the model developed as part of the NICE ‘mock’ appraisal of CAR-T therapy for
paediatric ALL.98 As the costs for follow-up refer to allogeneic SCT, specifically, the follow-up
cost for autologous SCT was calculated as a proportion of allogeneic SCT costs based on the
relative cost of allogeneic SCT compared to autologous SCT, as reported in Blommestein et al.
(2012).99 Alternative sources of SCT costs based on those reported in the NICE NG52 guidelines
Appendix A (inflated to 2017 using the hospital & community health services index) [total cost:
£38,672.55 for autologous SCT and £88,622.30 for allogeneic SCT], and those used by the
manufacturer in the appraisal of brentuximab (TA478) [total cost: £53,790 for autologous SCT
and £108,502 for allogeneic SCT], were explored in scenario analyses.16, 100
Table 44: Subsequent SCT cost inputs
Stem cell
harvesting
cost

Procedure and
follow-up cost

Total cost

Autologous
SCT

£3,291.49

£25,106.58

£28,398.07

Allogeneic
SCT

£3,291.49

£78,426.95

£81,718.44

SCT

Source
Stem cell harvesting cost and
procedure cost: NHS National
Reference Cost schedule
2016–1794a,b
Follow-up cost (24 months):
UK Stem Cell Strategy
Oversight Committee (2004)97c

a Weighted average of elective inpatient SA18Z Bone Marrow Harvest and SA34Z Peripheral Blood Stem Cell
Harvest. b Weighted average of elective inpatient adult autograft transplant (SA19A, SA26A) and elective inpatient
adult allogeneic transplant (SA20A, SA21A, SA22A, SA23A, SA38A, SA39A, SA40Z). c For autologous SCT followup costs, these were calculated as a proportion of allogeneic SCT costs based on the relative cost of allogeneic
SCT compared to autologous SCT, as reported in Blommestein et al. (2012).99
Abbreviations: SCT, stem cell transplantation.

Health-state unit costs and resource use
The model included medical costs for monthly follow-up in the PF and PD health states. The preprogression follow-up costs consisted of physical check-ups and routine monitoring activities, as
shown in Table 45. The frequency of follow-up activities for tisagenlecleucel and comparators
were obtained from the JULIET trial protocol and the NICE NG52 guidelines, respectively.16, 49
Regardless of treatment, the frequency of follow-up for patients in PF decreased with time as
may be expected for patients who remain in long-term remission.15, 16
A monthly post-progression cost was applied at each cycle in the model following disease
progression up to and including the penultimate cycle before death. In the base-case, the
monthly post-progression cost was obtained from Muszbek et al. (2016), and included
professional and social services cost, health care professional costs, treatment follow-up costs
and hospitalisation costs for r/r DLBCL patients in PD (see Table 46).70 The costs were assumed
to be the same for tisagenlecleucel and comparators. In the last month before death, a separate
terminal care cost (£2,653.73), based on that reported in Georghiou et al. (2014) for the last
three months of life, was applied in the model for tisagenlecleucel and comparators.101
For patients who were still alive in the model beyond 24 months, it was assumed that monthly
follow-up costs would be the same as those in PF, irrespective of health state. Those alive at this
point may be considered to be potential ‘long-term’ survivors of DLBCL, based on clinician
feedback and evidence from Maurer et al. (2014), and are thus assumed to accrue similar costs
to those who are progression-free.2, 40
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Table 45: Follow-up costs for patients who are progression-free
Unit
cost

Follow-up
Bone marrow
biopsy and/or
aspirate

£288.46

Source
NHS Reference Costs 2016-2017: SA33Z
(303)94

Tisagenlecleucela

Comparatorsb

1

2

3–5

5+

1

2

3–5

5+

2

0

0

0

0

0

0

0

15

2

2

0

4

4

2

2

£1.13

NHS Reference Costs 2016-2017: DAPS0494

Coagulation
panel

£1.69

NHS Reference Costs 2016-2017: DAPS0394

3

0

0

0

4

4

2

2

Comprehensive
metabolic
panel

£6.92

NICE Guideline NG52: Appendix A (assume
same as complete blood count) inflated to
201716

15

2

2

0

4

4

2

2

Consultant visit

£172.67

NHS National Reference Cost schedule 2016–
17: WF01A (370)94

12

2

2

1

4

4

2

2

PET/CT scan

£484.17

NHS Reference Costs 2016-2017: RN03A94

4

2

1

0

0

0

0

0

Haematology
panel

£3.06

NHS Reference Costs 2016-2017: DAPS0594

15

2

2

1

4

4

2

2

Serum lactate
dehydrogenase

£13.99

NICE Guideline NG52 inflated to 201716

15

2

2

0

4

4

2

2

Serum test

£1.69

NHS Reference Costs 2016-2017: DAPS0394

6

0

0

0

0

0

0

0

Uric acid

£6.92

NICE Guideline NG52: Appendix A (assume
same as complete blood count) inflated to
201716

0

0

0

1

4

4

2

2

£415.60

£113.77

£72.79

£15.24

£69.08

£69.08

£34.54

£34.54

Chemistry
panel

Total monthly cost
a

Based on healthcare resource utilisation in the JULIET trial (8th December 2017). b Based on resource use reported in Appendix A of NICE NG52 guidelines (inflated to 2017
using the hospital & community health services index).
Abbreviations: CT: computerised tomography; PET: positron emission tomography.
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Table 46: Follow-up costs for patients with progressed disease
Follow-up

Unit cost

Professional and social
services

£2,133.64

Health care professional
costs

£1,060.18

Costing period in Muszbek et
al. (2016)
Per 4 weeks
Per 4 weeks

£19.73

Per 4 weeks

Hospital costs

£2,120.95

Annual

Total monthly cost

£3,390.30

Treatment follow-up costs

Source: Muszbek et al. (2016)70 inflated to 2017 using the hospital & community health services index.

Adverse reaction unit costs and resource use
The unit costs associated with the management of AEs included in the model are presented in
presented in Table 47. In addition to the AEs listed below, tisagenlecleucel patients in the model
may also experience CRS or B-cell aplasia (see Section B.3.3):


The cost of treating CRS was estimated as the sum of the costs associated with ICU
admission and tocilizumab acquisition and administration (see Table 48), with the tocilizumab
dosing regimen and length of stay in ICU related to CRS was based on the experience of
patients with CRS in the JULIET trial.49 In the draft SmPC, it is recommended
thatxtocilizumab and emergency equipment must be available prior to infusion for use in the
event of CRS.10 Tocilizumab has been recommended by NICE with a PAS discount for use in
the NHS in England.102 However, as the level of this discount is not publicly available, the list
price of tocilizumab was used in the base case analysis. A scenario analysis has also been
conducted in which a hypothetical 20% discount has been applied to the price of tocilizumab.



The cost of treating B-cell aplasia was estimated as the cost of receiving IVIG for duration of
11.4 months (see Table 49). It has been assumed that patients with decreased blood
immunoglobulin G, decreased immunoglobulins, hypogammaglobinaemia and
immunodeficiency common variable (any grade) would receive IVIG.

The cost of AEs (including CRS) and B-cell aplasia were applied as one-off costs in the first cycle
of the model.
Table 47: Unit costs of the AEs included in the economic model
Adverse event

Unit cost

Source/Assumption

Abdominal Pain

£388.13

NHS Reference Costs 2016-2017: FD05B; Day Case

Acute kidney injury

£366.74

NHS Reference Costs 2016-2017: weighted average of
LA07M-P; Day Case

Anaemia

£315.50

NHS Reference Costs 2016-2017: weighted average of
SA01G-K, SA03G-H, SA04G-H, SA04J-L, SA05G-H,
SA05J; Day Case

Anorexia

£381.32

NHS Reference Costs 2016-2017: weighted average of
FD04C, FD04D, FD04A; Day Case

Blood creatinine
increased

£440.94

NHS Reference Costs 2016-2017: weighted average of
LA09M, LA09N, LA09P, LA09Q; Day Case
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Diarrhoea

£392.26

NHS Reference Costs 2016-2017: weighted average of
FD10J, FD10K, FD10L, FD10M; Day Case

Dyspnoea

£437.12

NHS Reference Costs 2016-2017: weighted average of
DZ19L, DZ19M, DZ19N; Day Case

Fatigue

£91.77

As per TA306 pixantrone; inflated to 2017 using the
hospital & community health services index 18

£1,777.53

As per TA306 pixantrone; inflated to 2017 using the
hospital & community health services index 18

Febrile neutropaenia
Hypokalaemia

£331.92

NHS Reference Costs 2016-2017: weighted average of
KC05G, KC05H, KC05J-N; Day Case

Hypophosphataemia

£331.92

Assumed equal to hypokalaemia

Hypotension

£413.09

NHS Reference Costs 2016-2017: EB04Z; Day Case

Infection

£422.27

NHS Reference Costs 2016-2017: weighted average of
WH07B-G; Day Case

Nausea

£609.63

As per TA306 pixantrone; inflated to 201718

Neutropaenia

£329.68

NHS Reference Costs 2016-2017: weighted average of
SA35A-SA35E; Day Case

Neutrophil count
decreased

£329.68

Assumed to be the same as Neutropaenia

Platelet count
decreased

£307.53

Assumed to be the same as Thrombocytopaenia

Pyrexia

£444.39

NHS Reference Costs 2016-2017: weighted average of
WJ07A, WJ07B, WJ07C, WJ07D; Non-elective short stay

Thrombocytopaenia

£307.53

NHS Reference Costs 2016-2017: weighted average of
SA12G-SA12K; Day Case

Vomiting

£609.63

As per TA306 pixantrone; inflated to 2017 using the
hospital & community health services index 18

White blood cell count
decreased

£329.68

Assumed to be the same as Neutropaenia

Abbreviations: ERG: Evidence Review Group.

Table 48: Cost of treating CRS
Price per vial

Number of
vials per
infusion

Daily cost/unit
cost per
infusion

Duration
(days) /# of
doses

Total cost
per CRS
event

ICU
admissiona

-

-

£981.30

xxxxxxxxx

£9,036.14

Tocilizumab
treatmentb

£102.40

8

£819.20

xxxxxxxxxx

£921.60

Total CRS cost per event

£9,957.74

a

ICU admission cost is calculated based the NHS National Reference Cost schedule 2016–17 (weighted average
of Medical adult patients (unspecified specialty) XC01Z to XC07Z; Critical Care);94 the average duration of ICU
stay due to CRS was calculated based on the JULIET trial data by averaging total number of days for ICU stay due
to CRS over the entire patient cohort with Grade 3 or 4 CRS event.49 b Tocilizumab treatment costs were calculated
based on the dosing schedule suggested in the JULIET trial protocol (8 mg/kg); the average number of tocilizumab
doses administered was calculated based on the JULIET trial data by averaging total number of administered
doses over the entire patient cohort with Grade 3 or 4 CRS event.49 In the base case analysis, the list price of
tocilizumab (80 mg vial) was used.
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Table 49: Cost of treating B-cell aplasia

400 mg/kg every
4 weeks

20,000

£1,200.00

500

£30.00

Percentage of
patients
receiving IVIGd

Total
monthly
drug cost

Total
monthly
admin cost

Median
treatment
duration
(months)e

Total IVIG
cost

xxxx%

£1,710.00

£173.99

11.4

£3,286.06

IVIG pack 1

IVIG cost for B-cell aplasia
a

Number of
vials per
infusion

Price per
vial or packb

Defined dosinga

IVIG pack 2

Average dose
per infusion
(mg)

Pack size
(mg)

IVIG drug cost

31,497

(2014).103 b

1
23

Number of
infusions per
cycle

Administration
cost per infusionc

1

£173.99

The defined dosing for IVIG is based on Compagno et al.
Drug unit cost is obtained from the BNF online, 2018. Pack sizes were selected to minimise the total drug
cost per cycle. c The cost of administration is obtained from NHS Reference Cost schedule (Deliver Complex Chemotherapy, including Prolonged Infusional Treatment, at First
Attendance SB14Z; Outpatient.94 d The percentage of patients with IVIG is based on the proportion of patients in the JULIET trial who experienced decreased blood
immunoglobulin G, decreased immunoglobulins, hypogammaglobinemia and immunodeficiency common variable (any grade).49 e The median treatment duration of IVIG is
assumed to be the same as the median time to B-cell recovery based on Maude et al (2017), a safety analysis from two multicentre trials of tisagenlecleucel in paediatric and
young adult patients with r/r ALL.85
Abbreviations: ALL: acute lymphoblastic leukaemia; BNF: British National Formulary; IVIG: intravenous immunoglobulin; r/r: relapsed or refractory.
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Miscellaneous unit costs and resource use
No additional costs were included in the model.

Summary of base-case analysis inputs and assumptions
Summary of base-case analysis inputs
A summary of inputs for the base case analysis are presented in Table 50.
Table 50: Summary of variables applied in the economic model
Variable

Value

Reference to section
in submission

Model settings
Discount rate (costs)

3.50

Discount rate (benefits)

3.50

Time horizon (years)

Section B.3.2.2

46.0 (lifetime)

Patient characteristics
Starting age (years)

xx

Percent female

xxxx%

Mean BSA

xxxx

Mean weight (kg)

xxxx

Section B.3.3.1

Decision-tree inputs
Proportion receiving tisagenlecleucel infusion

xxxx%

Proportion discontinuing prior to tisagenlecleucel
infusion

xxxx%

Proportion died prior to tisagenlecleucel infusion

xxx%

Proportion receiving leukapheresis

All branches: 100.0%

Proportion receiving bridging chemotherapy

Receive
tisagenlecleucel
infusion: 91.9%
Do not receive
tisagenleclecuel
infusion: 50%

Proportion receiving lymphodepleting
chemotherapy

Receive
tisagenlecleucel
infusion: 92.8%
Do not receive
tisagenlecleucel
infusion: 50%

Section B.3.2.3

Clinical inputs
OS (tisagenlecleucel)

Lognormal mixture cure
model

PFS (tisagenlecleucel)

Lognormal mixture cure
model

OS (comparators)

Exponential model

PFS (comparators)

Exponential model

Adverse events, incidence

Various

Section B.3.3.2

Section B.3.3.3
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Proportion subsequent SCT (tisagenlecleucel)
Proportion subsequent SCT (comparators)

Allogeneic: xxxx%
Autologous: xxxx%
Allogeneic: 0%
Autologous: 0%

Section B.3.5.1

Utility inputs
Utility for PF

xxxx

Utility for PD

xxxx

Utility for long-term survival

xxxx

Treatment disutility per cycle x1
(tisagenlecleucel)

-0.011

Treatment disutility per cycle x1 ([R-]Gem-Ox)

-0.017

Treatment disutility per cycle x2 ([R-]GDP)

-0.013

Treatment disutility per cycle x2 (pixantrone
monotherapy)

-0.012

Disutility for ICU stay (tisagenlecleucel)

Section B.3.4.2

Section B.3.4.4

-0.005 (CRS related)
-0.002 (CRS unrelated)

Subsequent SCT disutility per cycle (allogeneic
and autologous)

-0.025

Cost inputs
Leukapheresis cost (tisagenlecleucel)
Bridging chemotherapy cost [1x cycle [R-]GemOx or 1x cycle [R-]GDP] (tisagenlecleucel)
Lymphodepleting chemotherapy cost
(tisagenlecleucel)

£1,020.08
Drug cost: £659.40 or
£726.46
Admin cost: £379.09
Drug cost: £95.11
Admin cost: £34.08

Tisagenlecleucel infusion cost

£282,000

Administration cost (tisagenlecleucel)

£17.02

Hospitalisation cost (tisagenlecleucel)

£10,690.99

ICU cost (not due to CRS)

£843.39

Drug acquisition cost ([R-]Gem-Ox)

£1,978.20

Administration cost ([R-]Gem-Ox)

£1,137.26

Drug acquisition cost ([R-]GDP)

£2,179.38

Administration cost ([R-]GDP)

£1,137.26

Drug acquisition cost (pixantrone monotherapy)

£13,284.00

Administration cost (pixantrone monotherapy)

£1,244.01

Subsequent SCT cost – stem cell harvesting

£3,291.49

Subsequent SCT cost – procedure and follow-up

PF cost per cycle (tisagenlecleucel)

PF cost per cycle (comparators)

Section B.3.5.1

Allogeneic: £78,426.95
Autologous:
£25,106.58
Year 1: £415.60
Year 2: £113.77
Years 3-5: £72.79
Year 5+: £15.24

Section B.3.5.2

Year 1: £69.08
Year 2: £69.08
Years 3-5: £34.54
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Year 5+: £34.54
PD cost per cycle

£3,390.30

Long-term survival cost per cycle
(tisagenlecleucel)

£15.24

Long-term survivor cost per cycle (comparators)

£34.54

Terminal care cost (one-off)
Adverse events, unit costs

£2,653.73
Various

Section B.3.5.3

Abbreviations: BSA: body surface area; CRS: cytokine release syndrome; ICU: intensive care unit; OS: overall
survival; PD: progressed disease; PF: progression-free; PFS: progression-free survival; SCT: stem cell
transplantation.
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Assumptions
A list of the key assumptions used in the base case analysis is provided in Table 51 alongside a description of scenarios conducted to explore the
impact of these assumptions on the cost-effectiveness results. The results of these scenario analyses are presented in Section B.3.8.3.
In addition, scenario analyses have been conducted to explore the use of alternative health-state utility values and cost input sources, as well as
varying the time horizon used for the analysis.
Table 51: Assumptions used in the cost-effectiveness model
Parameter

Assumption

Justification

Addressed in scenario analysis

Extrapolations of
OS and PFS –
tisagenlecleucel

To model the potential for some patients
treated with tisagenlecleucel to achieve
long-term survival similar to the general
population, the extrapolation of OS and
PFS was carried out using a mixture cure
modelling approach:

OS data from the JULIET and Schuster
2017 [NCT02030834] study suggests that
treatment with tisagenlecleucel is
associated with sustained, long-term
survival for a proportion of patients, as
shown by the emergence of a plateau in
the survival curve (see Figure 18).
Standard parametric and spline models
did not adequately capture the change in
the hazard function associated with the
emerging plateau (see Section B.3.3.2),
and so mixture cure models were
explored in the base case analysis. The
expectation of a plateau in OS and a
potential ‘cure’ for a proportion of patients
is supported by the more established
plateau in the PFS curve (see Figure 17),
and the belief, supported by clinicians and
published literature, that patients who are
alive and progression-free after a certain
time would have survival outcomes
similar to the general population.2, 40

Alternative mixture cure models were
used in scenario analyses:

According to clinicians in the UK, salvage
chemotherapy and pixantrone
monotherapy are both mainly used with
palliative intent for patients at the third-

Alternative parametric models for the
extrapolation of Eyre 2016 data were
used in scenario analyses:



Lognormal mixture cure models for
OS and PFS

The pooled JULIET and Schuster 2017
[NCT02030834] data were used in the
mixture cure models in order to utilise all
available evidence on the survival of
patients treated with tisagenlecleucel.
As the comparator therapies are used
with palliative intent in the third- and laterline setting, and in the absence of a clear
plateau in the survival curves of Eyre
2016, mixture cure models were not
considered for the comparators.1, 2, 14
Extrapolations of
OS and PFS –
comparator
therapies

Survival data from the Eyre 2016 UK
observational study were used for both
salvage chemotherapy and pixantrone
monotherapy. The Eyre 2016 data were
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Loglogistic and generalised gamma
mixture cure models for OS and PFS

The cure fractions predicted by these
different models were generally similar to
those used in the base case analysis. A
scenario was also conducted in which
mixture cure models were based on the
JULIET trial data only.
As an alternative to the mixture cure
approach for modelling the expected
long-term survival with tisagenlecleucel, a
scenario was conducted in which it was
assumed that those patients who were
still alive at 24 months would have
survival similar to the general population
for the remainder of the time horizon (see
Section B.3.3.2).



Gompertz or loglogistic for OS

extrapolated using standard parametric
models which were chosen on the basis
of statistical fit to the observed data,
visual inspection of the survival curves
and clinical plausibility (which was
validated with clinicians in the UK):


Exponential for OS and PFS

and later-line setting.1, 2 The survival
outcomes reported in the Eyre 2016
study, which provides evidence from r/r
DLBCL patients treated with pixantrone
since the NICE recommendation in
TA306, were considered by clinicians to
be representative of UK patients treated
with current therapies (i.e. salvage
chemotherapy and pixantrone) in the
third- and later-line setting.1, 2
The survival outcomes predicted by the
model using the Eyre 2016 data were
consistent with the clinicians’
expectations of survival for these patients
in clinical practice. 1, 2



Loglogistic for PFS

Alternative sources of survival data for
pixantrone monotherapy and salvage
chemotherapy were also explored in
scenario analyses (see Section B.3.3.2):



PIX301 subgroup (using the
comparator arm for salvage
chemotherapy)
SCHOLAR-1 meta-analysis for
salvage chemotherapy (using pooled
data from the relevant subgroups). As
part of this scenario analysis, the cost
and disutility of subsequent SCT was
applied to the proportion of patients in
the SCHOLAR-1 overall population
who were reported to receive SCT

SCT rates for
comparator
therapies

No subsequent SCT was assumed for
patients treated with comparator
therapies.

Feedback from clinicians in the UK was
that treatment in the third- and later-line
setting is currently given with palliative
intent rather than as an induction therapy
for subsequent SCT.1, 2
Furthermore, subsequent SCT was not
reported in Eyre et al. (2016) and so for
consistency with the source of efficacy
data used in the model, no subsequent
SCT (cost or disutility) has been applied
in the model.14

As noted above, in the scenario in which
the SCHOLAR-1 meta-analysis was used
for salvage chemotherapy efficacy, a
proportion of patients were assumed to
receive subsequent SCT.

Utility inputs

Health-state utility values were assumed
to be independent of treatment received.

In the absence of utility data by individual
treatment, no differences in health-state
utility values by treatment were assumed.
Improvements in EQ-5D utility with
tisagenlecleucel was predicted by the
utility model for before treatment to PF
(see Figure 34), and clinically meaningful
improvements in HRQoL were reported
by patients in the JULIET trial (see

Scenario analyses were not conducted in
which treatments were assumed not to
have the same health-state utility values.

The disutility of adverse events
associated with treatments were not
accounted for separately in the model.
Instead, a treatment disutility value was
applied to each intervention for the
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Given the uncertainty in the potential
detrimental effects of treatment of utility
(e.g. due to adverse events), a scenario

Patients in the
tisagenlecleucel
arm who do not
receive
tisagenlecleucel
infusion are
assumed to receive
comparator
therapies

Patients who do not
receive
tisagenlecleucel
infusion accrue the
costs associated
with leukapheresis,
bridging
chemotherapy and
lymphodepleting
chemotherapy but
do not accrue
QALYs for the preinfusion period

duration of the treatment course (or
hospitalisation period for tisagenlecleucel)
to account for the possible detrimental
effects of treatment on patient HRQoL.

Section B.2.5.1), but comparative data
versus for the comparators were not
available.

was conducted in which no treatment
disutility was applied for any intervention.

A proportion of patients enrolled in the
JULIET trial did not go on to receive an
infusion of tisagenlecleucel.
In the model it was assumed that these
patients would therefore instead receive
some other form of treatment and accrue
the costs and QALYs associated with this
alternative therapy. In the base case
analysis, it was assumed that patients
would receive salvage chemotherapy and
a 50/50 weighting of [R-]Gem-Ox and
[R-]GDP was used.

The use of salvage chemotherapy as an
alternative to tisagenlecleucel for those
patients who discontinued prior to
tisagenlecleucel infusion was considered
a realistic representation of what would
happen in clinical practice.

Scenarios were conducted in which all
patients who discontinued prior to
tisagenlecleucel infusion were assumed
to receive either [R-]Gem-Ox or [R-]GDP.
A scenario was not conducted in which
patients were assumed to receive
pixantrone monotherapy as this is less
routinely used in UK clinical practice.43

It was assumed that 50% of patients who
did not ultimately receive a
tisagenlecleucel infusion (due to inability
to manufacturer tisagenlecleucel,
withdrawal due to adverse events or
death), had received a full course of
bridging chemotherapy and
lymphodepleting chemotherapy, hence
the application of pre-treatment costs for
these patients in the model.
QALYs for this period were not assigned.

This is considered to reflect what may
happen to patients in clinical practice. For
example, patients may have been
informed that tisagenlecleucel could not
be manufactured or patients may have
died prior to receipt of lymphodepleting
chemotherapy.
As a simplifying assumption QALYs were
not applied during the decision tree period
of the model. This omits a small number
of QALYs for the tisagenlecleucel arm
and therefore represents a conservative
assumption.

A scenario was also conducted in which
all tisagenlecleucel patients were
assumed to receive a tisagenlecleucel
infusion.
The assumption of zero QALYs assigned
to this time period was not addressed in a
scenario analysis.

Abbreviations: DLBCL: diffuse large B-cell lymphoma; EQ-5D: EuroQol 5-Dimensions; HRQoL: health-related quality of life; OS: overall survival; PD: progressed disease; PF:
progression-free; PFS: progression-free survival; QALY: quality-adjusted life year; r/r: relapsed or refractory; SCT: stem cell transplantation.
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Base-case results
Base-case incremental cost-effectiveness analysis results
The deterministic base case results are presented in Table 52 (list price for tisagenlecleucel) and
Table 53 (with PAS for tisagenlecleucel) for pairwise comparisons of tisagenlecleucel versus
[R-]Gem-Ox, [R-]GDP and pixantrone monotherapy. For comparisons versus pixantrone
monotherapy results have been presented (here and throughout) for analyses in which
tisagenlecleucel patients are assumed to receive [R-]GDP as bridging chemotherapy. The
tisagenlecleucel costs presented in Table 52 and Table 53 also refer to analyses in which
[R-]GDP has been chosen as the bridging chemotherapy.
As the same source of efficacy data were used for salvage chemotherapy and pixantrone
monotherapy survival inputs in the base case analysis, tisagenlecleucel was associated with the
same incremental life-years gain versus each of the comparator therapies (xxxx). The
incremental QALYs for tisagenlecleucel versus each of the comparator therapies were therefore
similar (xxxxxxxxxxxx), with total QALYs only differing due to the varying duration of treatment
disutility. As well as higher QALYs, tisagenlecleucel (at list price and with the PAS applied) was
associated with higher total costs over the model time horizon compared to each comparator
therapy: [R-]Gem-Ox, [R-]GDP and pixantrone monotherapy (see Table 52 and Table 53). In the
base case analysis, tisagenlecleucel (at list price) was associated with an incremental cost per
QALY of £xxxxxx, £xxxxxx and £xxxxxx per QALY gained versus [R-]Gem-Ox, [R-]GDP and
pixantrone monotherapy, respectively. With the PAS discount applied to tisagenlecleucel, the
ICERs were £47,684, £47,526 and £44,648 per QALY gained versus [R-]Gem-Ox, [R-]GDP and
pixantrone monotherapy, respectively.
Clinical outcomes predicted by the model are presented in Appendix H. Mean OS predicted by
the model is consistent with the belief that tisagenlecleucel is a potentially curative therapy and
would provide considerable improvements in survival in the long term (mean OS 128.57 months)
compared to current treatments, which are only palliative in nature (mean OS 6.30 months). The
distribution of patients amongst health states is consistent with how the potential for a ‘cure’ with
tisagenlecleucel has been modelled: the initial decline in occupancy of the PF health state and
the presence of individuals in the PD health state during these first few years reflects the
progression and cancer-related death associated with those patients who are not captured in the
‘cure fraction’ of the mixture cure model. Those patients who are still alive after two to five years
(i.e. the ‘cure fraction’) remain in the PF health state until death, with few patients occupying the
PD health state during the latter period of the time horizon.
As a consequence, the differences between tisagenlecleucel and comparator therapies in
disaggregated costs and QALYs (by health state) are largely attributed to those related to the PF
state. With regards to individual cost categories, the difference in costs is largely driven by the
difference in treatment costs. Disaggregated costs and QALYs by cost category (costs only) and
health state are presented in full in Appendix H.
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Table 52: Base-case deterministic results – list price for tisagenlecleucel
Intervention

Incremental
costs (£)

Incremental
LYG

Incremental
QALYs

ICER
(£/QALY)

xxxx

xxxxxxxx

xxxx

xxxx

xxxxxxx

xxxx

xxxx

xxxxxxxx

xxxx

xxxx

xxxxxxx

xxxx

xxxx

xxxxxxxx

xxxx

xxxx

xxxxxxx

Total costs (£)

Total LYG

Total QALYs

Tisagenlecleucel

xxxxxxxx

xxxx

xxxx

[R-]Gem-Ox

xxxxxxx

xxxx

[R-]GDP

xxxxxxx

Pixantrone
monotherapy

xxxxxxx

Total costs with tisagenlecleucel and incremental results for comparisons versus pixantrone monotherapy were from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Table 53: Base-case deterministic results – with PAS for tisagenlecleucel
Intervention

Incremental
costs (£)

Incremental
LYG

Incremental
QALYs

ICER
(£/QALY)

xxxx

xxxxxxxx

xxxx

xxxx

£47,684

xxxx

xxxx

xxxxxxxx

xxxx

xxxx

£47,526

xxxx

xxxx

xxxxxxxx

xxxx

xxxx

£44,648

Total costs (£)

Total LYG

Total QALYs

Tisagenlecleucel

xxxxxxxx

xxxx

xxxx

[R-]Gem-Ox

xxxxxxx

xxxx

[R-]GDP

xxxxxxx

Pixantrone
monotherapy

xxxxxxx

Total costs with tisagenlecleucel and incremental results for comparisons versus pixantrone monotherapy were from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; PAS: Patient Access Scheme; QALYs, quality-adjusted life years.
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Sensitivity analyses
Probabilistic sensitivity analysis
Probabilistic sensitivity analysis (PSA) was conducted using a Monte-Carlo simulation with 2,000
iterations. In each iteration, the model inputs were randomly drawn from the specified
distributions, as summarised in Table 54. The efficacy inputs were modelled using parametric
estimates of bootstrapped samples of the original IPD or pseudo-IPD data used for the OS and
(where available) PFS estimation in the base case. For each PSA iteration, the base case
parametric function parameters for each arm were estimated based on one bootstrapped
sample.
Whenever available, the standard error of the selected distribution was obtained directly from the
same data source that informed the mean value. In the absence of data on the variability around
health state cost values, the standard error for each cost parameter was assumed to be equal to
the mean value divided by four. For the utility values, it was assumed that the utility of the PD
health state should not exceed the utility of the PFS health state, with the ordering preserved
using the difference method for sampling ordered parameters (Ren et al. [2018]).104
Table 54: PSA inputs (with [R-]GDP as salvage chemotherapy)
Parameter

Distribution

Mean

SE

Alpha

Beta

Bootstrapping

-

-

-

-

Proportion of patients assigned to
tisagenlecleucel who continue to
tisagenlecleucel infusion

Dirichlet

xxxx

-

-

-

Proportion of patients assigned to
tisagenlecleucel who discontinue prior to
tisagenlecleucel infusion

Dirichlet

xxxx

-

-

-

Proportion of patients assigned to
tisagenlecleucel who die prior to
tisagenlecleucel infusion

Dirichlet

xxxx

-

-

-

Proportion of patients continuing to
tisagenlecleucel infusion who receive
leukapheresis costs

Beta

1.00

0.25

-1

0

Proportion of patients continuing to
tisagenlecleucel infusion who receive
bridging chemotherapy costs

Beta

xxxx

0.23

0

0.03

Proportion of patients continuing to
tisagenlecleucel infusion who receive
lymphodepleting chemotherapy costs

Beta

xxxx

0.23

0

0.02

Proportion of patients discontinuing prior
to tisagenlecleucel infusion who receive
leukapheresis and cryopreservation
costs

Beta

1.00

0.25

-1

0

Proportion of patients discontinuing prior
to tisagenlecleucel infusion who receive
bridging chemotherapy costs

Beta

0.50

0.13

8

7.5

Survival inputs
Parametric estimates for OS and PFS
Decision tree inputs
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Proportion of patients discontinuing prior
to tisagenlecleucel infusion who receive
lymphodepleting chemotherapy costs

Beta

0.50

0.13

8

7.5

Proportion of patients who die prior to
tisagenlecleucel infusion who receive
leukapheresis and cryopreservation
costs

Beta

1.00

0.25

-1

0

Proportion of patients who die prior to
tisagenlecleucel infusion who receive
bridging chemotherapy costs

Beta

0.50

0.13

8

7.5

Proportion of patients who die prior to
tisagenlecleucel infusion who receive
lymphodepleting chemotherapy costs

Beta

0.50

0.13

8

7.5

Lymphodepleting chemotherapy admin
cost

Gamma

£95

23.78

16

6

Lymphodepleting chemotherapy drug
cost

Gamma

£34

8.52

16

2

Bridging chemotherapy admin cost

Gamma

£726

181.62

16

45

Bridging chemotherapy drug cost

Gamma

£379

94.77

16

24

Leukapheresis cost

Gamma

£1,020

255.02

16

64

Tisagenlecleucel administration cost

Gamma

£17

4.25

16

1

Tisagenlecleucel hospitalisation cost

Gamma

£10,691

2672.75

16

668

Tisagenlecleucel ICU cost

Gamma

£843

210.85

16

53

Salvage chemotherapy drug cost for
tisagenlecleucel arm

Gamma

£2,079

519.70

16

130

Salvage chemotherapy admin cost for
tisagenlecleucel arm

Gamma

£1,137

284.31

16

71

[R-]GDP drug cost

Gamma

£2,179

544.85

16

136

[R-]GDP admin cost

Gamma

£1,137

284.31

16

71

Pixantrone drug cost

Gamma

£13,284

3321.00

16

830

Pixantrone admin cost

Gamma

£1,244

311.00

16

78

Tisagenlecleucel follow-up cost - year 1

Gamma

£416

103.90

16

26

Tisagenlecleucel follow-up cost - year 2

Gamma

£114

28.44

16

7

Tisagenlecleucel follow-up cost - years
3-5

Gamma

£73

18.20

16

5

Tisagenlecleucel follow-up cost - years
5+

Gamma

£15

3.81

16

1

Salvage chemo follow-up cost - year 1

Gamma

£69

17.27

16

4

Salvage chemo follow-up cost - year 2

Gamma

£69

17.27

16

4

Salvage chemo follow-up cost - years 35

Gamma

£35

8.64

16

2

Salvage chemo follow-up cost - years 5+

Gamma

£35

8.64

16

2

Pixantrone follow-up cost - year 1

Gamma

£69

17.27

16

4

Pixantrone follow-up cost - year 2

Gamma

£69

17.27

16

4

Pixantrone follow-up cost - years 3-5

Gamma

£35

8.64

16

2

Pre-treatment costs

Treatment cost

Follow-up and other medical costs
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Pixantrone follow-up cost - years 5+

Gamma

£35

8.64

16

2

Monthly post-progression cost

Gamma

£3,390

847.57

16

212

Terminal care cost

Gamma

£2,654

663.43

16

166

Tisagenlecleucel subsequent autoSCT
rate

Beta

xxxxx

0.90%

1

109.01

Tisagenlecleucel subsequent alloSCT
rate

Beta

xxxxx

2.15%

6

104.05

Salvage chemo subsequent autoSCT
rate

Beta

0.00%

0.00

0

0

Salvage chemo subsequent alloSCT rate

Beta

0.00%

0.00

0

0

Pixantrone subsequent autoSCT rate

Beta

0.00%

0.00

0

0

Pixantrone subsequent alloSCT rate

Beta

0.00%

0.00

0

0

Subsequent autoSCT cost

Gamma

£28,398

7099.52

16

1,775

Subsequent alloSCT cost

Gamma

£81,718

20429.61

16

5,107

Subsequent SCT disutility

Beta

0.03

0.01

16

607.43

Tisagenlecleucel AE cost

Gamma

£3,166

791.60

16

198

Tisagenlecleucel IVIG cost

Gamma

£3,286

821.52

16

205

Tisagenlecleucel CRS cost

Gamma

£9,958

2489.43

16

622

Salvage chemotherapy AE cost

Gamma

£1,401

350.15

16

88

Pixantrone AE cost

Gamma

£557

139.37

16

35

PF utility

Beta

xxxx

xxxx

-

-

PD disease utility

Beta

xxxx

xxxx

-

-

Tisagenlecleucel CRS disutility

Beta

0.00

0.00

16

3504.61

Tisagenlecleucel ICU disutility

Beta

0.00

0.00

16

8153.74

Tisagenlecleucel treatment disutility

Beta

0.01

0.00

16

1438.72

Salvage chemotherapy treatment
disutility for tisagenlecleucel arm

Beta

0.01

0.00

16

1450.36

[R-]GDP treatment disutility

Beta

0.01

0.00

16

1203.20

Pixantrone treatment disutility

Beta

0.01

0.00

16

1357.67

Age

Normal

xxxxx

xxxxx

-

-

Weight

Normal

xxxxx

xxxxx

-

-

Gender

Beta

xxx

xx

43

67.39

Normal

xxxx

xxxx

-

-

Subsequent SCT

Adverse event costs

Utility

Patient characteristics

Body surface area

Abbreviations: AE: adverse event; CRS: cytokine release syndrome; ICU: intensive care unit; IVIG: intravenous
immunoglobulin; OS: overall survival; PD: progressed disease; PF: progression free; PFS: progression-free
survival; PSA: probabilistic sensitivity analysis; SE: standard error; SCT: stem cell transplantation.

The results of the PSA (2,000 iterations) are presented in Table 55 (with tisagenlecleucel at list
price) and Table 56 (with the PAS applied for tisagenlecleucel). As only one salvage
chemotherapy regimen can be selected during a given analysis, the PSA results have been
presented below using [R-]GDP as the salvage chemotherapy comparator (see Appendix K for
results versus [R-]Gem-Ox from a separate run).The probabilistic results (that take into account
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the combined uncertainty across model parameters) are generally similar, though slightly higher,
compared to those estimated in the deterministic base case analysis. The results suggest that
there exists some degree of uncertainty in both the incremental costs and QALYs in the analysis.
Table 55: Mean probabilistic results – list price for tisagenlecleucel (with [R-]GDP as
salvage chemotherapy)
Incremental costs
(£)

Incremental QALYs

ICER
(£/QALY)

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

Pixantrone monotherapy

xxxxxxxx

xxxx

xxxxxxx

Intervention

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life
years.

Table 56: Mean probabilistic results – with PAS for tisagenlecleucel (with [R-]GDP as
salvage chemotherapy)
Incremental costs
(£)

Incremental QALYs

ICER
(£/QALY)

[R-]GDP

xxxxxxxx

xxxx

£50,793

Pixantrone monotherapy

xxxxxxxx

xxxx

£47,861

Intervention

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; PAS: Patient Access Scheme;
QALYs, quality-adjusted life years.

Scatter plots showing the incremental costs and QALYs for tisagenlecleucel (list price)
salvage chemotherapy ([R-]GDP) and pixantrone monotherapy are presented in Error!
Reference source not found. and
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Figure 36, respectively (with tisagenlecleucel at list price); and in Figure 37 and Figure 38,
respectively (with the PAS applied for tisagenlecleucel).
When one QALY is valued at £50,000, the probability of tisagenlecleucel being the most
effective treatment option compared to [R-]GDP and pixantrone monotherapy, was
be xxx% (with tisagenlecleucel at list price) and 50.3% (with the PAS applied for
tisagenlecleucel). Cost-effectiveness acceptability curves are presented in

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 141 of 162

Figure 39 (with tisagenlecleucel at list price); and in Figure 40 (with the PAS applied for
tisagenlecleucel).
Figure 35: Cost-effectiveness plane for tisagenlecleucel (list price) versus [R-]GDP

Abbreviations: QALY: quality-adjusted life years.
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Figure 36: Cost-effectiveness plane for tisagenlecleucel (list price) versus pixantrone
monotherapy

Abbreviations: QALY: quality-adjusted life years.

Figure 37: Cost-effectiveness plane for tisagenlecleucel (with PAS) versus [R-]GDP

Abbreviations: PAS: Patient Access Scheme; QALY: quality-adjusted life years.

Figure 38: Cost-effectiveness plane for tisagenlecleucel (with PAS) versus pixantrone
monotherapy

Abbreviations: PAS: Patient Access Scheme; QALY: quality-adjusted life years.
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Figure 39: Cost-effectiveness acceptability curve for tisagenlecleucel (list price) versus
[R-]GDP and pixantrone monotherapy

Abbreviations: WTP: willingness-to-pay.

Figure 40: Cost-effectiveness acceptability curve for tisagenlecleucel (with PAS) versus
[R-]GDP and pixantrone monotherapy

Abbreviations: PAS: Patient Access Scheme; WTP: willingness-to-pay.

Deterministic sensitivity analysis
Deterministic sensitivity analysis (DSA) was conducted by varying all parameters for which there
were single input values in the model by the upper and lower bounds of the 95% CI, or by ±25%
of their mean value (where 95% CIs were not available). The DSA inputs are summarised in
Table 57 below.
Table 57: DSA inputs
Parameter

Base case
input

One-way SA inputs
Lower value

Upper
value

Subsequent SCT
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Subsequent SCT rate - tisagenlecleucel
(95% CI)
Allogeneic SCT

xxxxx

1.20%

9.61%

Autologous SCT

xxxxx

0.00%

2.66%

0.00%

0.00%

0.00%

Health state utility - PFS (95% CI)

xxxx

xxxx

xxxx

Health state utility - PD (95% CI)

xxxx

xxxx

xxxx

Treatment disutility

-0.02

-0.01

-0.02

Tisagenlecleucel treatment disutility

-0.011

-0.008

-0.014

Tisagenlecleucel disutility for ICU (unrelated
to CRS)

-0.005

-0.003

-0.006

Tisagenlecleucel disutility for ICU (related to
CRS)

-0.002

-0.001

-0.002

Treatment disutility for patients who
discontinue prior to tisagenlecleucel
infusion (salvage chemotherapy)

-0.011

-0.008

-0.013

[R-]GDP treatment disutility

-0.013

-0.010

-0.016

Pixantrone monotherapy treatment disutility

-0.012

-0.009

-0.014

-0.03

-0.02

-0.03

£1,020.08

£765.06

£1,275.09

Bridging chemotherapy drug cost ([R-]GDP)

£726.46

£544.85

£908.08

Bridging chemotherapy drug cost ([R-]GemOx)

£659.40

£494.55

£824.25

Bridging chemotherapy admin cost

£379.09

£284.31

£473.86

Lymphodepleting chemotherapy drug cost

£95.11

£71.33

£118.88

Lymphodepleting chemotherapy admin cost

£34.08

£25.56

£42.60

£17.02

£12.76

£21.27

£10,690.99

£8,018.24

£13,363.73

£843.39

£632.54

£1,054.23

£1,137.26

£852.94

£1,421.57

[R-]Gem-Ox drug cost

£1,978.20

£1,483.65

£2,472.75

[R-]Gem-Ox administration cost

£1,137.26

£852.94

£1,421.57

[R-]GDP drug cost

£2,179.38

£1,634.54

£2,724.23

[R-]GDP administration cost

£1,137.26

£852.94

£1,421.57

Pixantrone monotherapy drug cost

£13,284.00

£9,963.00

£16,605.00

Pixantrone monotherapy administration cost

£1,244.01

£933

£1,555.02

Subsequent SCT rate - Comparators
Utility

[R-]Gem-Ox treatment disutility

Subsequent SCT disutility ± 25%
Cost

a

Pre-treatment costs - tisagenlecleucel ±
25%
Leukapheresis

Treatment cost - tisagenlecleucel ± 25%
Administration (outpatient) cost
Hospitalisation cost
ICU (unrelated to CRS) costs
Administration cost for patients who
discontinue prior to tisagenlecleucel
infusion (salvage chemotherapy)
Treatment cost - Comparators ± 25%

AE costs - tisagenlecleucel ± 25%

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 145 of 162

Tisagenlecleucel AE costs

£3,166.40

£2,374.80

£3,958.00

Tisagenlecleucel IVIG costs

£3,286.06

£2,464.55

£4,107.58

[R-]Gem-Ox AE costs

£1,400.60

£1,050.45

£1,750.75

[R-]GDP AE costs

£1,400.60

£1,050.45

£1,750.75

£557.47

£418.10

£696.83

£9,957.74

£7,468.30

£12,447.17

Year 1

£415.60

£311.70

£519.49

Year 2

£113.77

£85.32

£142.21

Year 3–5

£72.79

£54.59

£90.99

Year 5+

£15.24

£11.43

£19.05

Year 1

£69.08

£51.81

£86.35

Year 2

£69.08

£51.81

£86.35

Year 3–5

£34.54

£25.91

£43.18

Year 5+

£34.54

£25.91

£43.18

Terminal care costs ± 25%

£2,653.73

£1,990.30

£3,317.16

Post-progression cost ± 25%

£3,390.30

£2,542.72

£4,237.87

Allogeneic SCT

£81,718.44

£61,288.83

£102,148.05

Autologous SCT

£28,398.07

£21,298.55

£35,497.58

Body surface area (95% CI)

xxxx

1.87

1.96

Proportion female (95% CI)

xxxx

0.38

0.40

Weight (95% CI)

xxxxx

74.96

82.52

xxxxx

xxxxx

xxxxx

Discount rate for cost (1.5% - 6%)

3.5%

1.5%

6%

Discount rate for effectiveness (1.5% - 6%)

3.5%

1.5%

6%

Discount rate for cost and effectiveness
(1.5% - 6%)

3.5%

1.5%

6%

AE costs - Comparators ± 25%

Pixantrone monotherapy AE costs
CRS cost - tisagenlecleucel ± 25%
Pre-progression costs - tisagenlecleucel ±
25%

Pre-progression costs - Comparators ±
25%

Subsequent SCT cost ± 25%

Patient characteristics

b

Starting age

Discount rate

a For cost parameters, multiple inputs are varied in the DSA for each cost category (e.g. pre-treatment cost tisagenlecleucel, treatment cost - tisagenlecleucel) at the same time.
b For starting age, the minimum and maximum age of patients that were enrolled in the JULIET trials were used as
the lower and upper bounds for the sensitivity analysis
Abbreviations: AE: adverse event; CI: confidence intervals; CRS: cytokine release syndrome; DSA: deterministic
sensitivity analysis; ICU: intensive care unit; IVIG: intravenous immunoglobulin; PD: progressed disease; PF:
progression free; SCT: stem cell transplantation.

Tornado diagrams showing the top ten drivers of cost-effectiveness in the comparison of
tisagenlecleucel versus [R-]Gem-Ox, [R-]GDP and pixantrone monotherapy are presented in
Figure 41, Figure 42 and Figure 43, respectively, when tisagenlecleucel is provided at list price
and Figure 44, Figure 45 and Figure 46, respectively, when tisagenlecleucel is provided with the
PAS. Across these plots it can be seen that versus each comparator the parameters included in
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the DSA that were seen to be the most influential drivers in the model were the utility assigned to
the PF health state, the starting age of patients in the model, and subsequent SCT rate for
tisagenlecleucel. For all parameters the ICERs did not vary considerably when compared to the
base case ICER. For example, health-state utility values for PF, which represents the most
influential parameter resulted in a change in the ICER of less than £3,000 per QALY in either
direction (with the PAS applied for tisagenlecleucel). Survival inputs were not varied as part of
the deterministic sensitivity analyses but alternative survival inputs and approaches have been
explored extensively as part of scenario analyses.
Figure 41: Deterministic sensitivity analysis – tornado diagram of the top twenty most
influential parameters versus [R-]Gem-Ox (list price for tisagenlecleucel)

Abbreviations: AE: adverse events; CRS: cytokine release syndrome; PD: progressed disease; PFS: progressionfree survival; SCT: stem cell transplantation.

Figure 42: Deterministic sensitivity analysis – tornado diagram of the top twenty most
influential parameters versus [R-]GDP (list price for tisagenlecleucel)

Abbreviations: AE: adverse events; CRS: cytokine release syndrome; PD: progressed disease; PFS: progressionfree survival; SCT: stem cell transplantation.

Figure 43: Deterministic sensitivity analysis – tornado diagram of the top twenty most
influential parameters versus pixantrone monotherapy (list price for tisagenlecleucel)
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Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: AE: adverse events; CRS: cytokine release syndrome; PD: progressed disease; PFS: progressionfree survival; SCT: stem cell transplantation.

Figure 44: Deterministic sensitivity analysis – tornado diagram of the top twenty most
influential parameters versus [R-]Gem-Ox (with PAS applied for tisagenlecleucel)

Abbreviations: AE: adverse events; CRS: cytokine release syndrome; PAS: Patient Access Scheme; PD:
progressed disease; PFS: progression-free survival; SCT: stem cell transplantation.

Figure 45: Deterministic sensitivity analysis – tornado diagram of the top twenty most
influential parameters versus [R-]GDP (with PAS applied for tisagenlecleucel)
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Abbreviations: AE: adverse events; CRS: cytokine release syndrome; PAS: Patient Access Scheme; PD:
progressed disease; PFS: progression-free survival; SCT: stem cell transplantation.

Figure 46: Deterministic sensitivity analysis – tornado diagram of the top twenty most
influential parameters versus pixantrone monotherapy (with PAS applied for
tisagenlecleucel)

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: AE: adverse events; CRS: cytokine release syndrome; PAS: Patient Access Scheme; PD:
progressed disease; PFS: progression-free survival; SCT: stem cell transplantation.

Scenario analysis
Various scenario analyses were conducted to explore the impact of assumptions that were
included in the base case analysis and the results of these scenarios are presented from Table
58 to Table 64, with tisagenlecleucel at both list price and with the PAS applied.
Across the majority of scenarios conducted, the changes made to the modelling approach did not
result in material changes to the ICERs and in the vast majority of cases tisagenlecleucel was
associated with an ICER of less than £50,000 per QALY gained (with the PAS applied for
tisagenlecleucel). This included using the alternative approach to modelling the expected longterm survival with tisagenlecleucel (i.e. applying SMR-adjusted mortality after a specific
timepoint) and also the use of different survival models using the Eyre 2016 study for
comparators and the mixture models for tisagenlecleucel (see Table 58, Table 59 and Table 60).
The largest change in ICER can be observed in the time horizon ICERs (the ICERs increase as
the time horizon decreases), though this is to be expected given the large upfront costs for
tisagenlecleucel. The other scenarios that were associated with increased ICERs were those
exploring the use of alternative sources of survival data for comparator therapies (PIX301
subgroups and SCHOLAR-1; see Table 60) and the scenarios in which a lower PF utility value
was used (TA306 revised model; see Table 61) or higher PF cost was used (TA306/Muszbek et
al. [2016]; see Table 62).
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The choice of survival data for the comparator therapies was made after consultation with UK
clinicians on what they considered to be most representative of patients treated in the third- or
later-line setting in UK clinical.1, 2 As noted in Section B.2.8, the clinicians recognise the Eyre
2016 study (rather than PIX301 trial) as providing more realistic estimates of survival with
pixantrone monotherapy in the patient population recommended by NICE and similar outcomes
to those reported in Eyre 2016 are also expected for salvage chemotherapy regimens at the
third- or later-line setting.1, 2 The alternative sources of evidence for the comparator therapies are
associated with several limitations and also produced considerably higher estimates of OS than
those considered to be realistic by UK clinicians. For example, the scenario using SCHOLAR-1
predicted 17.4% and 12.5% of patients to be alive and 24 months and 60 months, respectively,
whereas clinician feedback was that it would be highly unlikely for patients to be alive after two
years and that no patients would be expected to be alive after five years.1, 2 The survival
outcomes predicted in the scenario using the PIX301 subgroup data also overestimated survival
for pixantrone monotherapy compared to clinician expectations (7.5% and 1.6% alive and 24
months and 60 months, respectively, for the comparator arm/chemotherapy, and 18.8% and
8.4% for pixantrone monotherapy). It should be noted that the modelling approach used in this
scenario required assumptions to be made on the shape of the survival curve in the absence of
data other than the median values from the relevant patient subgroup, and so there is a
considerable degree of uncertainty associated with the estimates of survival at all other
timepoints.
Given that TA306 represents the only other NICE appraisal for multiply relapsed NHL, the use of
alternative utility values and cost inputs for PF from TA306 were explored in scenario analyses.
However, these inputs are considered to be less appropriate than those used in the base case
analysis. As noted in Section B.3.4.5, the alternative utility values from TA306 were not based on
the HRQoL data from patients with r/r DLBCL and are therefore considered to be less preferable
to the EQ-5D health-state utility values mapped from the SF-36 data collected during the JULIET
trial (in accordance with the NICE reference case).18 The PF costs from TA306/Muszbek et al.
(2016) were not considered to be appropriate for the base case analysis as these costs are only
provided for on/off treatment stages and do not reflect any further changes in resource use over
time. However, for patients who are alive and progression-free a reduction in resource use would
be expected after a period of time, as described in the NICE NG52 guidelines.16 The change in
PF costs over time is particularly pertinent for this cost-effectiveness analysis given the modelling
of a ‘cured fraction’ (alive and progression-free) in the tisagenlecleucel arm. The PD cost inputs
from TA306/Muszbek et al. (2016) were however used in the base case analysis in the absence
of any alternative source of information for resource use in this health state. As patients are not
expected to remain in the PD state for long, these health-state costs are not subject to the same
concerns regarding changes in resource use over time.
Table 58: Survival input scenarios – alternative mixture cure models for tisagenlecleucel
List price
Intervention

With PAS

Incr.
costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr. QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: loglogistic mixture model for OS
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[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,673

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,520

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,725

Scenario: generalised gamma mixture model for OS
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,822

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,656

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,664

Scenario: loglogistic mixture model for PFS
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,049

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,891

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,010

Scenario: generalised gamma mixture model for PFS
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,167

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,008

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,127

Scenario: JULIET data only for mixture cure model
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£49,102

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,941

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£46,058

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; OS: overall survival; PAS: Patient Access Scheme;
PFS: progression-free survival; QALY: quality-adjusted life year.

Table 59: Survival input scenarios – alternative approaches for the extrapolation of
tisagenlecleucel survival
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality
after 24 months – SMR = 1.09 (tisagenlecleucel)
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£49,148

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£49,000

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£46,361

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality
after 24 months – SMR = 1.18 (tisagenlecleucel)
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£49,596
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[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£49,445

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£46,768

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality
after 24 months – SMR = 1 (tisagenlecleucel)
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,691

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,546

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,947

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALY: quality-adjusted
life year; SMR: standardised mortality rate.

Table 60: Survival input scenarios – alternative approaches for the extrapolation of
comparator survival
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: Gompertz model for extrapolation of OS from Eyre 2016
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,615

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,455

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,527

Scenario: loglogistic model for extrapolation of OS from Eyre 2016
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,387

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,224

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,223

Scenario: loglogistic model for extrapolation of PFS from Eyre 2016
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,077

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,918

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,037

Scenario: PIX301 subgroup efficacy for comparator therapies (salvage chemotherapy and
pixantrone monotherapy)
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,082

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,916

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,937

Scenario: SCHOLAR-1 efficacy for salvage chemotherapy OS, using pooled data from the
relevant subgroups (salvage chemotherapy)a
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£53,742
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List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£53,475

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£43,959

a

For consistency with the source of efficacy data used in this scenario, the cost and disutility of subsequent SCT
was applied to the proportion of patients in the SCHOLAR-1 overall population who were reported to receive SCT.
Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; OS: overall survival; PAS: Patient Access Scheme;
PFS: progression-free survival; QALY: quality-adjusted life year.

Table 61: Utility input scenarios
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: health-state utility values from TA306 – manufacturer’s submission
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£49,053

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,887

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,928

Scenario: health-state utility values from TA306 – revised model
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£52,018

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£51,835

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,699

Scenario: no treatment disutility
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,754

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,712

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,786

Scenario: no long-term survival utility or costs (based on health state only)a
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,858

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,700

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,821

a Month at which long-term survival is applied was set to 600.
Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALY: quality-adjusted
life year.
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Table 62: Cost input scenarios
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: all tisagenlecleucel patients require hospitalisation (i.e. 0% tisagenleclecuel
infusions delivered in the outpatient setting)
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,820

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,663

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,784

Scenario: rituximab use based on Danese et al. (2017)77 (60.8%)
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,624

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,466

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,702

Scenario: 20% discount applied to the cost of tocilizumab
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,676

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,519

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,641

Scenario: TA306/Muszbek et al. (2016) used as a source of PF costs18, 70a
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£53,244

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£53,073

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£50,200

Scenario: subsequent SCT costs based on NICE NG52 Appendix A16
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,774

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,617

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,739

Scenario: subsequent SCT costs based on TA478 brentuximab vedotin for treating relapsed
or refractory systemic anaplastic large cell lymphoma100
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£48,050

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,892

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,014

Scenario: with vial sharing
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,673

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,539

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,225

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 154 of 162

a

To avoid the double counting of costs, the cost items related to hospitalisation and adverse events which were
included in TA306/Muszbek et al. (2016) were not included as part of this scenario analysis, as these costs are
already captured elsewhere in the model.
Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; PF: progression-free;
QALY: quality-adjusted life year; SCT: stem cell transplantation.

Table 63: Time horizon scenarios
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: 10-year time horizon
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxxx

xxxxxxxx

xxxx

£102,075

[R-]GDP

xxxxxxxx

xxxx

xxxxxxxx

xxxxxxxx

xxxx

£101,451

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxxx

xxxxxxxx

xxxx

£95,335

Scenario: 20-year time horizon
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£61,667

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£61,419

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£57,703

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALY: quality-adjusted
life year.
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Table 64: Decision tree input scenarios
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,684

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,526

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,648

Base case

Scenario: all tisagenlecleucel patients are assumed to receive a tisagenleclecuel infusion
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,503

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,397

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£45,432

Scenario: all tisagenlecleucel patients who discontinue prior to tisagenleclecuel infusion are
assumed to receive [R-]Gem-Ox
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,666

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,508

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,631

Scenario: all tisagenlecleucel patients who discontinue prior to tisagenleclecuel infusion are
assumed to receive [R-]GDP
[R-]Gem-Ox

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,702

[R-]GDP

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£47,545

Pixantrone
monotherapy

xxxxxxxx

xxxx

xxxxxxx

xxxxxxxx

xxxx

£44,666

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALY: quality-adjusted
life year.

Summary of sensitivity analyses results
Results of the sensitivity analyses demonstrate the base case cost-effectiveness results to be
generally robust to the combined distributional uncertainty across model parameters (PSA) and
to the majority of changes to the modelling approach that were explored in scenario analyses.
Deterministic sensitivity analysis demonstrated that, versus both comparators, the utility value for
the PF health state was an influential parameter but generally the ICERs did not alter
considerably compared to the base case ICERs when varying any one of the parameters
included in the DSA. When provided with the confidential PAS discount, tisagenlecleucel was
estimated to be the most cost-effective treatment option (versus [R-]GDP and pixantrone
monotherapy) with a probability of 50.3%, under the context of the £50,000 per QALY threshold
considered by NICE for end-of-life therapies.

Subgroup analysis
No economic subgroup analyses were conducted as part of this appraisal.
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Validation
Validation of cost-effectiveness analysis
Clinician input was sought during the development of the UK cost-effectiveness model to ensure
that the inputs and assumptions used in the analysis were relevant to UK clinical practice to
validate the clinical plausibility of the outcomes predicted by the model.1-3
In particular, clinician feedback was used to guide the choice of salvage chemotherapy
comparators (Gem-Ox and GDP, and the use of rituximab) and also the source of comparator
efficacy data (Eyre 2016).1-3 Clinicians were also asked for feedback on what they expect lifeexpectancy to be for the patient population of interest and were asked to validate the survival
outcomes predicted in the base case analysis (i.e. the proportion of patients alive at specific
timepoints).1-3 Expert clinical opinion was also sought to validate other inputs and assumptions
such as the incidence of adverse events included in the model and the use of subsequent SCT in
the third- and later-line setting.1, 2

Interpretation and conclusions of economic evidence
Tisagenlecleucel was found to represent a cost-effective use of NHS resources when considered
with a PAS and as an end-of-life medicine, being associated with ICERs below the £50,000 per
QALY threshold versus each of the comparators.
A de novo economic analysis was conducted to evaluate the cost-effectiveness of
tisagenlecleucel versus the relevant comparators in the UK as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The
comparators included within the economic analysis were [R-]Gem-Ox, [R-]GDP and pixantrone
monotherapy. As treatment in the third- and later-line setting is palliative in nature, comparisons
were made versus Gem-Ox and GDP, with or without rituximab, as opposed to the more
intensive and costly chemotherapy regimens listed in the final scope, such as ICE, IVE and
DHAP which are more routinely used prior to SCT. The economic analysis was conducted from
the perspective of the UK NHS and PSS, and can therefore be considered directly applicable to
clinical practice in England and Wales. Costs included in the analysis were derived from UK
sources (e.g. NHS Reference Costs, the BNF or the eMIT) where possible.
Whilst there were no UK centres involved in tisagenlecleucel clinical trials, the patient
populations enrolled can be considered reflective of the relevant patient population in the UK,
based on feedback from UK clinicians.2 The economic model is underpinned by patient-level
data from the JULIET trial, which represents the primary source of evidence for tisagenlecleucel
in this indication.47, 49 Survival data from the Schuster 2017 (NCT02030834) case-series study,
which reports data from a longer follow-up period than the JULIET trial, has also been
incorporated in the model to utilise all available evidence on tisagenlecleucel survival in the costeffectiveness analysis.48 Extrapolation of survival data were required to quantify the survival
benefit beyond the trial period and a robust and comprehensive approach was followed during
the survival extrapolation to ensure the methods were statistically sound, but also clinically
plausible. With standard parametric and spline models unable to adequately capture the
expected long-term survival benefit of tisagenlecleucel as a potentially curative therapy,
alternative approaches to modelling survival with tisagenlecleucel were explored (e.g. mixture
cure models). Clinical expert opinion was that the survival outcomes predicted by the model for

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 157 of 162

comparator therapies were consistent with what is expected of r/r DLBCL patients treated at the
third- and later-line setting in UK clinical practice.1, 2
A limitation of the cost-effectiveness analysis is the absence of evidence from randomisedcontrolled trials for the efficacy of tisagenlecleucel versus each of the comparator therapies.
Careful consideration was therefore given to the choice of efficacy data used in the model for
comparators and, based on clinician feedback, the Eyre 2016 UK observational study was used
as the source of comparator survival data in the base case analysis.1, 2, 14 The ‘real-world’
evidence on survival outcomes reported from this study are considered by clinicians to be most
representative of patients treated with pixantrone in UK clinical practice and are also considered
to be applicable to salvage chemotherapy regimens used in the third- and later-line setting.1, 2
Finally, extensive scenario analyses were performed and showed the model to be robust to the
majority of assumptions employed in the base case analysis. Probabilistic sensitivity analysis
indicated some degree of uncertainty in model results, with combined uncertainty having a
greater impact on incremental effectiveness than incremental costs. Life expectancy for patients
treated in real-world UK practice is as low as 3.4 months and the use of current therapies in
practice is with palliative intent only.1, 2, 14 Tisagenlecleucel offers patients treated in the third- or
later-line setting a potentially curative treatment option, and the ICERs estimated from this
economic evaluation fall below the £50,000 per QALY gained threshold considered by NICE for
end-of-life medicines. CAR-T therapy is being described as a revolution in cancer treatment and
tisagenlecleucel represents a paradigm-shift in the approach to a disease which has few
treatment options and a dismal prognosis.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 158 of 162

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.

19.

Novartis. Personal Communication with Dr Nick Morley, Sheffield Teaching
Hospitals NHS Foundation Trust.
Novartis. Personal Communication with Dr Ram Malladi, University Hospitals
Birmingham NHS Foundation Trust.
Novartis. Personal Communication with a UK clinician.
Porter DL, Kalos M, Zheng Z, et al. Chimeric Antigen Receptor Therapy for Bcell Malignancies. J Cancer 2011;2:331-2.
Kochenderfer JN, Wilson WH, Janik JE, et al. Eradication of B-lineage cells
and regression of lymphoma in a patient treated with autologous T cells
genetically engineered to recognize CD19. Blood 2010;116:4099-102.
Wang K, Wei G, Liu D. CD19: a biomarker for B cell development, lymphoma
diagnosis and therapy. Exp Hematol Oncol 2012;1:36.
Kimura M, Yamaguchi M, Nakamura S, et al. Clinicopathologic significance of
loss of CD19 expression in diffuse large B-cell lymphoma. Int J Hematol
2007;85:41-8.
Smith AJ, Oertle J, Warren D, et al. Chimeric antigen receptor (CAR) T cell
therapy for malignant cancers: Summary and perspective. Journal of Cellular
Immunotherapy 2016;2:59-68.
A Cure for Cancer? How CAR-T Therapy is Revolutionizing Oncology.
Available at https://labiotech.eu/car-t-therapy-cancer-review/ [Last accessed
24 Nov 2017].
Novartis. Data on File. Kymriah - Draft Summary of Product Characteristics.
Smith A, Howell D, Patmore R, et al. Incidence of haematological malignancy
by sub-type: a report from the Haematological Malignancy Research Network.
British journal of cancer 2011;105:1684-1692.
Tilly H, Gomes da Silva M, Vitolo U, et al. Diffuse large B-cell lymphoma
(DLBCL): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Annals of Oncology 2015;26:v116-v125.
Friedberg JW. Relapsed/refractory diffuse large B-cell lymphoma. ASH
Education Program Book 2011;2011:498-505.
Eyre TA, Linton KM, Rohman P, et al. Results of a multicentre UK-wide
retrospective study evaluating the efficacy of pixantrone in relapsed, refractory
diffuse large B cell lymphoma. Br J Haematol 2016;173:896-904.
Chaganti S, Illidge T, Barrington S, et al. Guidelines for the management of
diffuse large B‐cell lymphoma. British journal of haematology 2016;174:43-56.
National Institute for Health and Care Excellence. NG52: Non-Hodgkin’s
lymphoma: diagnosis and management. Available at:
https://www.nice.org.uk/guidance/NG52/chapter/Recommendations#manage
ment-of-diffuse-large-bcell-lymphoma. [Last accessed: 14 November 2017].
Novartis. Data on File: Diffuse Large B-Cell Lymphoma (DLBCL) Advisory
Board (16th November 2017). Meeting Report.
National Institute for Health and Care Excellence. TA306: Pixantrone
monotherapy for treating multiply relapsed or refractory aggressive nonHodgkin's B‐cell lymphoma. Available at:
https://www.nice.org.uk/guidance/ta306. [Last accessed: 16 November 2017].
Cancer Research UK. Non Hodgkin Lymphoma. Available at:
http://www.cancerresearchuk.org/about-cancer/non-hodgkin-lymphoma/about
[Last accessed: 14 November 2017].

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 159 of 162

20.

21.
22.
23.
24.

25.
26.

27.

28.
29.
30.
31.

32.

33.

Cancer Research UK. Non Hodgkin lymphoma incidence statistics. Available
at: http://www.cancerresearchuk.org/health-professional/cancerstatistics/statistics-by-cancer-type/non-hodgkin-lymphoma/incidence. [Last
accessed: 14 November 2017].
Cancer Research UK. How doctors group non Hodgkin lymphomas. Available
at: http://www.cancerresearchuk.org/about-cancer/non-hodgkinlymphoma/types/group [Last accessed: 23 January 2018].
Cancer Research UK. High grade NHL. Available at:
http://www.cancerresearchuk.org/about-cancer/non-hodgkinlymphoma/types/high-grade [Last accessed: 15 December 2017].
Gouveia GR, Siqueira SAC, Pereira J. Pathophysiology and molecular
aspects of diffuse large B-cell lymphoma. Revista brasileira de hematologia e
hemoterapia 2012;34:447-451.
Lymphoma Association. Diffuse large B-cell lymphoma. Available at:
https://www.lymphomas.org.uk/about-lymphoma/types/non-Hodgkinlymphoma/diffuse-large-b-cell-lymphoma [Last accessed: 27 November
2017].
Haematological Malignancy Research Network. Diffuse large B-cell
lymphoma. Available at: https://www.hmrn.org/statistics/disorders/28. [Last
accessed: 18 Apr 2018].
Office for National Statistics. Cancer Registration Statistics (2016), England.
Available at:
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/
conditionsanddiseases/datasets/cancerregistrationstatisticscancerregistration
statisticsengland [Last Accessed: 28 April 2018].
Lymphoma Research Foundation. Diffuse Large B-Cell Lymphoma (DLBCL).
Available at:
www.lymphoma.org/site/pp.asp?c=bkLTKaOQLmK8E&b=6300153 [Last
accessed: 27 November 2017].
ACS (2017) Non-Hodgkin Lymphoma: Early detection, diagnosis, and staging.
Available at: https://www.cancer.org/cancer/non-hodgkin-lymphoma/detectiondiagnosis-staging/signs-symptoms.html. .
Tholstrup D, Brown PDN, Jurlander J, et al. Quality of life in patients with
diffuse large B-cell lymphoma treated with dose-dense chemotherapy is only
affected temporarily. Leukemia & lymphoma 2011;52:400-408.
Kelly JL, Pandya C, Friedberg JW, et al. Health-Related Quality of Life in
Older Patients Following Diffuse Large B-Cell Lymphoma (DLBCL) Diagnosis:
Am Soc Hematology, 2012.
Oerlemans S, Issa DE, van den Broek EC, et al. Health-related quality of life
and persistent symptoms in relation to (R-) CHOP14,(R-) CHOP21, and other
therapies among patients with diffuse large B-cell lymphoma: results of the
population-based PHAROS-registry. Annals of hematology 2014;93:17051715.
van der Poel M, Oerlemans S, Schouten H, et al. Quality of life more impaired
in younger than in older diffuse large B cell lymphoma survivors compared to
a normative population: a study from the population-based PROFILES
registry. Annals of hematology 2014;93:811-819.
Janssen‐Heijnen ML, Spronsen DJ, Lemmens VE, et al. A population‐based
study of severity of comorbidity among patients with non‐Hodgkin's

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 160 of 162

34.

35.
36.

37.

38.
39.

40.
41.
42.

43.
44.

45.
46.

47.

lymphoma: prognostic impact independent of International Prognostic Index.
British journal of haematology 2005;129:597-606.
Wieringa A, Boslooper K, Hoogendoorn M, et al. Comorbidity is an
independent prognostic factor in patients with advanced-stage diffuse large Bcell lymphoma treated with R-CHOP: a population-based cohort study. Br J
Haematol 2014;165:489-96.
Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial
evaluation, staging, and response assessment of Hodgkin and non-Hodgkin
lymphoma: the Lugano classification. J Clin Oncol 2014;32:3059-68.
Martín A, Conde E, Arnan M, et al. R-ESHAP as salvage therapy for patients
with relapsed or refractory diffuse large B-cell lymphoma: the influence of prior
exposure to rituximab on outcome. A GEL/TAMO study. Haematologica
2008;93:1829-1836.
Sehn LH, Donaldson J, Chhanabhai M, et al. Introduction of combined CHOP
plus rituximab therapy dramatically improved outcome of diffuse large B-cell
lymphoma in British Columbia. Journal of Clinical Oncology 2005;23:50275033.
Coiffier B, Lepage E, Brière J, et al. CHOP chemotherapy plus rituximab
compared with CHOP alone in elderly patients with diffuse large-B-cell
lymphoma. New England Journal of Medicine 2002;346:235-242.
Récher C, Coiffier B, Haioun C, et al. Intensified chemotherapy with ACVBP
plus rituximab versus standard CHOP plus rituximab for the treatment of
diffuse large B-cell lymphoma (LNH03-2B): an open-label randomised phase
3 trial. The Lancet 2011;378:1858-1867.
Maurer MJ, Ghesquieres H, Jais JP, et al. Event-free survival at 24 months is
a robust end point for disease-related outcome in diffuse large B-cell
lymphoma treated with immunochemotherapy. J Clin Oncol 2014;32:1066-73.
Gisselbrecht C, Glass B, Mounier N, et al. Salvage regimens with autologous
transplantation for relapsed large B-cell lymphoma in the rituximab era.
Journal of Clinical Oncology 2010;28:4184-4190.
Crump M, Kuruvilla J, Couban S, et al. Randomized comparison of
gemcitabine, dexamethasone, and cisplatin versus dexamethasone,
cytarabine, and cisplatin chemotherapy before autologous stem-cell
transplantation for relapsed and refractory aggressive lymphomas: NCIC-CTG
LY.12. J Clin Oncol 2014;32:3490-6.
Novartis. Data on File: Kymriah in DLBCL Patient Pathway - Quantitative
Market Research.
British Society of Blood and Marrow Transplantation. BSBMT Indications for
BMT. Version 3 (October 2013). Available at: http://bsbmt.org/wpcontent/uploads/2013/10/BSBMT-Indications-Table-Updated-October20131.pdf. [Last accessed: 11 January 2018].
Crump M, Neelapu SS, Farooq U, et al. Outcomes in refractory diffuse large
B-cell lymphoma: results from the international SCHOLAR-1 study. Blood
2017:blood-2017-03-769620.
Pettengell R, Sebban C, Zinzani PL, et al. Monotherapy with pixantrone in
histologically confirmed relapsed or refractory aggressive B-cell non-Hodgkin
lymphoma: post-hoc analyses from a phase III trial. Br J Haematol
2016;174:692-9.
Novartis. CTL019C2201: A phase II, single arm, multicenter trial to determine
the efficacy and safety of CTL019 in adult patients with relapsed or refractory

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 161 of 162

48.
49.
50.
51.
52.

53.

54.
55.

56.

57.

58.

59.

60.

diffuse large B-cell lymphoma (DLBCL). Interim Clinical Study Report. (10th
October 2017).
Schuster SJ, Svoboda J, Chong EA, et al. Chimeric Antigen Receptor T Cells
in Refractory B-Cell Lymphomas. N Engl J Med 2017;377:2545-2554.
Novartis. Data on File: JULIET 8th December 2017 cut-off date.
Maziarz RT, Bishop MR, Tam CS, et al. Patient-Reported Quality of Life (QoL)
Following CTL019 Infusion in Adult Patients (pts) with Relapsed/Refractory
(r/r) Diffuse Large B-Cell Lymphoma (DLBCL): Am Soc Hematology, 2017.
Schuster SJ, Bishop MR, Tam CS, et al. Primary Analysis of Juliet: A Global,
Pivotal, Phase 2 Trial of CTL019 in Adult Patients with Relapsed or Refractory
Diffuse Large B-Cell Lymphoma: Am Soc Hematology, 2017.
Schuster SJ, Bishop MR, Tam C, et al. Global Trial of the Efficacy and Safety
of CTL019 in Adult Patients with Relapsed or Refractory Diffuse Large B-cell
Lymphoma: An Interim Analysis of the JULIET Study. (Oral Presentation).
Presented at the European Hematology Association 22nd Congress, Madrid
2017.
Borchmann P, Tam CS, Jäger U, et al. An updated analysis of JULIET, a
global pivotal phase 2 trial of tisagenlecleucel in adult patients with relapsed
or refractory (r/r) diffuse large B-cell lymphoma (DLBCL). EHA Learning
Center 2018.
Levine B, Svoboda J, Nasta SD, et al. Chimeric antigen receptor modified T
cells directed against CD19 (CTL019) induce clinical responses in patients
with relapsed or refractory CD19+ lymphomas. Cytotherapy 2015;17:S13.
Schuster SJ, Svoboda J, Nasta SD, et al. Phase II Trial Of Chimeric Antigen
Receptor Modified T Cells Directed Against CD19 In Relapsed/refractory
Diffuse Large B Cell, Follicular, And Mantle Cell Lymphomas. Hematological
Oncology 2015;33:175-176.
Schuster SJ, Svoboda J, Nasta S, et al. Phase IIa trial of chimeric antigen
receptor modified T cells directed against CD19 (CTL019) in patients with
relapsed or refractory CD19+ lymphomas: American Society of Clinical
Oncology, 2015.
Schuster SJ, Svoboda J, Nasta S, et al. Recovery of humoral immunity in
patients with durable complete responses following chimeric antigen receptor
modified t cells directed against CD19 (CTL019): American Society of Clinical
Oncology, 2016.
Schuster SJ, Svoboda J, Nasta SD, et al. Treatment with Chimeric Antigen
Receptor Modified T Cells Directed Against CD19 (CTL019) Results in
Durable Remissions in Patients with Relapsed or Refractory Diffuse Large B
Cell Lymphomas of Germinal Center and Non-Germinal Center Origin,"
Double Hit" Diffuse Large B Cell Lymphomas, and Transformed Follicular to
Diffuse Large B Cell Lymphomas. Volume 128: American Society of
Hematology, 2016:3026.
Seshadri T, Stakiw J, Pintilie M, et al. Utility of subsequent conventional dose
chemotherapy in relapsed/refractory transplant-eligible patients with diffuse
large B-cell lymphoma failing platinum-based salvage chemotherapy.
Hematology 2008;13:261-6.
Elstrom RL, Martin P, Ostrow K, et al. Response to second-line therapy
defines the potential for cure in patients with recurrent diffuse large B-cell
lymphoma: implications for the development of novel therapeutic strategies.
Clin Lymphoma Myeloma Leuk 2010;10:192-6.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 162 of 162

61.
62.
63.
64.
65.
66.

67.
68.

69.
70.
71.

72.
73.

74.

75.

Downs SH, Black N. The feasibility of creating a checklist for the assessment
of the methodological quality both of randomised and non-randomised studies
of health care interventions. J Epidemiol Community Health 1998;52:377-84.
Novartis. Data on File. Response to supplemental information request.
Harrison CN, Mesa RA, Kiladjian JJ, et al. Health-related quality of life and
symptoms in patients with myelofibrosis treated with ruxolitinib versus best
available therapy. Br J Haematol 2013;162:229-39.
Swigris JJ, Brown KK, Behr J, et al. The SF-36 and SGRQ: validity and first
look at minimum important differences in IPF. Respir Med 2010;104:296-304.
Guyot P, Ades A, Ouwens MJ, et al. Enhanced secondary analysis of survival
data: reconstructing the data from published Kaplan-Meier survival curves.
BMC medical research methodology 2012;12:9.
Neelapu SS, Locke FL, Bartlett NL, et al. 1161P A standardized comparison
of outcomes in patients (pts) with refractory, aggressive non-hodgkin
Lymphoma (rNHL) from the SCHOLAR-1 analysis and the ZUMA-1 study of
axicabtagene ciloleucel (axi-cel). Annals of Oncology 2017;28:mdx376.026mdx376.026.
Cheson BD, Horning SJ, Coiffier B, et al. Report of an international workshop
to standardize response criteria for non-Hodgkin's lymphomas. Journal of
clinical oncology 1999;17:1244-1244.
Pettengell R, Coiffier B, Narayanan G, et al. Pixantrone dimaleate versus
other chemotherapeutic agents as a single-agent salvage treatment in
patients with relapsed or refractory aggressive non-Hodgkin lymphoma: a
phase 3, multicentre, open-label, randomised trial. Lancet Oncol 2012;13:696706.
Rowen D, Brazier J, Roberts J. Mapping SF-36 onto the EQ-5D index: how
reliable is the relationship? Health Qual Life Outcomes 2009;7:27.
Muszbek N, Kadambi A, Lanitis T, et al. The Cost-effectiveness of Pixantrone
for Third/Fourth-line Treatment of Aggressive Non-Hodgkin's Lymphoma. Clin
Ther 2016;38:503-15.
Institute for Clinical and Economic Review. Chimeric Antigen Receptor T-Cell
Therapy for B Cell Cancers: Effectiveness and Value Final Evidence Report
(March 23, 2018). Available at: https://icer-review.org/material/car-t-finalreport/. [Last accessed: 30 March 2017].
Prajogo J, Neil A, Duke J, et al. Modelling cost-effectiveness of high-dose
chemotherapy as treatment for relapsed aggressive non-Hodgkin lymphoma
in an Australian setting. Intern Med J 2009;39:519-26.
Latimer N. NICE DSU Technical Support Document 14: Undertaking survival
analysis for economic evaluations alongside clinical trials - extrapolation with
patient-level data. 2011. Available at: http://nicedsu.org.uk/wpcontent/uploads/2016/03/NICE-DSU-TSD-Survival-analysis.updated-March2013.v2.pdf. [Last Accessed: 08 February 2018].
London Cancer. Guidelines for the management of non-Hodgkin's and
Hodgkin's lymphoma in adults (24.11.15). Available at:
http://www.londoncancer.org/media/134135/Lymphoma-_London-CancerGuidelines-2015.pdf. [Last accessed: 19th April 2017].
South East London Cancer Network. Gem-Ox +/-R (gemcitabine, oxaliplatin
+/- rituximab) for relapsed /refractory lymphoma. Available at:
http://www.londoncanceralliance.nhs.uk/media/36689/NHL_GEMOXplusorR_protocol_v1.0.pdf [Last accessed: 16th May 2018].

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 163 of 163

76.
77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.
88.

The Christie NHS Foundation Trust. GDP gemcitabine, dexamethasone,
cisplatin. Available at: http://www.christie.nhs.uk/media/4505/1166.pdf [Last
accessed: 16th May 2018].
Danese MD, Griffiths RI, Gleeson ML, et al. Second-line therapy in diffuse
large B-cell lymphoma (DLBCL): treatment patterns and outcomes in older
patients receiving outpatient chemotherapy. Leuk Lymphoma 2017;58:10941104.
European Medicines Agency. Pixuri: EPAR - Product Information. Available
at:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medi
cines/002055/human_med_001549.jsp&mid=WC0b01ac058001d124. [Last
accessed: 19th May 2017].
Royston P, Parmar MK. Flexible parametric proportional-hazards and
proportional-odds models for censored survival data, with application to
prognostic modelling and estimation of treatment effects. Stat Med
2002;21:2175-97.
Huang M, Latimer N, Zhang Y, et al. Estimating the long-term outcomes
associated with immuno-oncology therapies: challenges and approaches for
overall survival extrapolations. ISPOR Value and Outcomes Spotlight
2018;January/February.
Office for National Statistics. Interim Life Tables, England & Wales. Period
expectation of life based on data for the years 2014-2016. Available at:
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarri
ages/lifeexpectancies. [Last accessed: March 2018].
Lee L, Wang L, Crump M. Identification of potential surrogate end points in
randomized clinical trials of aggressive and indolent non-Hodgkin's
lymphoma: correlation of complete response, time-to-event and overall
survival end points. Ann Oncol 2011;22:1392-403.
El Gnaoui T, Dupuis J, Belhadj K, et al. Rituximab, gemcitabine and
oxaliplatin: an effective salvage regimen for patients with relapsed or
refractory B-cell lymphoma not candidates for high-dose therapy. Ann Oncol
2007;18:1363-8.
Witzig TE, Geyer SM, Kurtin PJ, et al. Salvage chemotherapy with rituximab
DHAP for relapsed non-Hodgkin lymphoma: a phase II trial in the North
Central Cancer Treatment Group. Leuk Lymphoma 2008;49:1074-80.
Maude SL, Grupp SA, Pulsipher MA, et al. Analysis of Safety Data from 2
Multicenter Trials of CTL019 in Pediatric and Young Adult Patients with
Relapsed/Refractory (R/R) B-Cell Acute Lymphoblastic Leukemia (B-ALL)
[Abs P517]. European Hematology Association, 2017.
Dakin H, Abel L, Burns R, et al. Review and critical appraisal of studies
mapping from quality of life or clinical measures to EQ-5D: an online database
and application of the MAPS statement. Health and Quality of Life Outcomes
2018;16:31.
Guadagnolo BA, Punglia RS, Kuntz KM, et al. Cost-effectiveness analysis of
computerized tomography in the routine follow-up of patients after primary
treatment for Hodgkin's disease. J Clin Oncol 2006;24:4116-22.
Doorduijn J, Buijt I, Holt B, et al. Self-reported quality of life in elderly patients
with aggressive non-Hodgkin's lymphoma treated with CHOP chemotherapy.
Eur J Haematol 2005;75:116-23.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 164 of 164

89.

90.
91.

92.
93.
94.
95.

96.

97.
98.

99.
100.

101.
102.
103.

National Institute for Health and Care Excellence. TA178: Bevacizumab (firstline), sorafenib (first- and second-line), sunitinib (second-line) and
temsirolimus (first-line) for the treatment of advanced and/or metastatic renal
cell carcinoma. Available at: https://www.nice.org.uk/guidance/ta178/ [Last
accessed: 13 May 2018].
Wang HI, Smith A, Aas E, et al. Treatment cost and life expectancy of diffuse
large B-cell lymphoma (DLBCL): a discrete event simulation model on a UK
population-based observational cohort. Eur J Health Econ 2017;18:255-267.
Maziarz RT, Hao Y, Guerin A, et al. Short-Term and Long-Term Economic
Burden Following Allogeneic Hematopoietic Stem Cell Transplant (HSCT) in
Adult Patients with Diffuse Large B-Cell Lymphoma (DLBCL). Blood
2016;128.
Maziarz RT, Hao Y, Guerin A, et al. Economic burden following allogeneic
hematopoietic stem cell transplant in patients with diffuse large B-cell
lymphoma. Leuk Lymphoma 2018;59:1133-1142.
Purdum A, Tieu R, Reddy SR, et al. Total 1-year cost of diffuse large B-cell
lymphoma (DLBCL) beyond first line (1L) therapy: A retrospective cohort
analysis. Journal of Clinical Oncology 2017;35:e18333-e18333.
NHS Improvement. NHS Reference Cost Schedule. 2016-17. Available at:
https://improvement.nhs.uk/resources/reference-costs/. [Last accessed: 20th
April 2017].
Van Den Neste E, Schmitz N, Mounier N, et al. Outcome of patients with
relapsed diffuse large B-cell lymphoma who fail second-line salvage regimens
in the International CORAL study. Bone marrow transplantation 2016;51:5157.
Van Den Neste E, Schmitz N, Mounier N, et al. Outcomes of diffuse large Bcell lymphoma patients relapsing after autologous stem cell transplantation:
an analysis of patients included in the CORAL study. Bone marrow
transplantation 2017;52:216-221.
NHS Blood and Transplant. Unrelated donor stem cell transplantation in the
UK: effective, affordable, sustainable. A report from the UK Stem Cell
Oversight Committee (November 2014).
Hettle R, Corbett M, Hinde S, et al. The assessment and appraisal of
regenerative medicines and cell therapy products: an exploration of methods
for review, economic evaluation and appraisal. Health Technol Assess
2017;21:1-204.
Blommestein HM, Verelst SG, Huijgens PC, et al. Real-world costs of
autologous and allogeneic stem cell transplantations for haematological
diseases: a multicentre study. Ann Hematol 2012;91:1945-52.
National Institute for Health and Care Excellence. TA478: Brentuximab
vedotin for treating relapsed or refractory systemic anaplastic large cell
lymphoma. Available at: https://www.nice.org.uk/guidance/ta478. [Last
accessed: 03 March 2018].
Georghiou T, Bardsley M. Exploring the cost of care at the end of life. London:
Nuffield Trust, 2014.
National Institute for Health and Care Excellence. TA518: Tocilizumab for
treating giant cell arteritis. Available at:
https://www.nice.org.uk/guidance/ta518. [Last accessed: 2nd May 2018].
Compagno N, Malipiero G, Cinetto F, et al. Immunoglobulin replacement
therapy in secondary hypogammaglobulinemia. Front Immunol 2014;5:626.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 165 of 165

104.

Ren S, Minton J, Whyte S, et al. A New Approach for Sampling Ordered
Parameters in Probabilistic Sensitivity Analysis. Pharmacoeconomics
2018;36:341-347.

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 166 of 166

List of appendices
Appendix A: Summary of Product Characteristics
Appendix B: Identification, selection and synthesis of clinical evidence
Appendix C: Subgroup analysis
Appendix D: Adverse reactions
Appendix E: Published cost-effectiveness studies
Appendix F: Health-related quality-of-life studies
Appendix G: Cost and healthcare resource identification, measurement and valuation
Appendix H: Clinical outcomes and disaggregated results from the model
Appendix I: Checklist of confidential information
Appendix J: Survival inputs and assumptions used in scenario analyses
Appendix K: Probabilistic sensitivity analysis results with [R-]Gem-Ox as salvage chemotherapy

Company evidence submission template for ID1166
© Novartis Pharmaceuticals Ltd. 2018. All rights reserved

Page 167 of 167

Level 1A
City Tower
Manchester
M1 4BT
United Kingdom
+44 (0)300 323 0140
Single technology appraisal
Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Dear Novartis,
The Evidence Review Group, Centre for Reviews and Dissemination and Centre for Health
Economics – York, and the technical team at NICE have looked at the submission received
on 22nd May 2018 from Novartis. In general they felt that it is well presented and clear.
However, the ERG and the NICE technical team would like further clarification on the clinical
and cost effectiveness data (see questions listed at end of letter).
The ERG and the technical team at NICE will be addressing these issues in their reports.
Please provide your written response to the clarification questions by 5pm on Friday 29th
June 2018. Your response and any supporting documents should be uploaded to NICE
Docs/Appraisals
Two versions of your written response should be submitted; one with academic/commercialin-confidence information clearly marked and one with this information removed.
Please underline all confidential information, and separately highlight information that is
submitted as commercial in confidence in turquoise, and all information submitted as
academic in confidence in yellow.
If you present data that are not already referenced in the main body of your submission and
that are academic/commercial in confidence, please complete the attached checklist for
confidential information.
Please do not embed documents (PDFs or spreadsheets) in your response because this
may result in them being lost or unreadable.
If you have any queries on the technical issues raised in this letter, please contact Lorna
Dunning, Technical Lead (lorna.dunning@nice.org.uk). Any procedural questions should be
addressed to Stephanie Callaghan, Project Manager (Stephanie.callaghan@nice.org.uk).
Yours sincerely
Dr. Frances Sutcliffe
Associate Director – Appraisals
Centre for Health Technology Evaluation

www.nice.org.uk

Level 1A
City Tower
Manchester
M1 4BT
United Kingdom
+44 (0)300 323 0140
Encl. checklist for confidential information

Section A: Clarification on effectiveness data
A1.

Priority question: Please provide the following references.
 Novartis. CTL019C2201: A phase II, single arm, multicenter trial to determine
the efficacy and safety of CTL019 in adult patients with relapsed or refractory
diffuse large B-cell lymphoma (DLBCL). Interim Clinical Study Report. (10th
October 2017). NB: Please provide the full clinical study report (CSR) which
includes the data and tables which are referred to but not included in the main
body of the CSR previously submitted.
 Novartis. Data on File: Diffuse Large B-Cell Lymphoma (DLBCL) Advisory
Board (16th November 2017). Meeting Report.
 Novartis. Data on file. Response to supplemental information request.

A2.

Priority question: Please provide an additional Kaplan-Meier plot for progressionfree survival (PFS) without censoring for SCT (Full Analysis Set at the 8th December
cut-off) based on the local investigator assessment.

A3.

Priority question: Please provide the Kaplan-Meier curves (with the number of
patients at risk at each time point) for PFS, and overall survival (OS) (Efficacy
Analysis Set at the 8th December cut-off) by response status (ORR at 3 months [Yes,
No] and CR at 3 months [Yes, No]).

A4.

Priority question: Please confirm that for both curves in Figure 8 time zero is time of
enrolment? (If this is not the case, please provide curves beginning from time from
enrolment). Please add a Kaplan-Meier curve to Figure 8 for the full ITT population
(infused and non-infused together).

A5.

Priority question: Please replicate the three Kaplan-Meier curves in Figure 8,
(infused, non-infused and full ITT population) for Figure 9 (PFS). Please include
censoring for SCT, and start at enrolment date, rather than date of infusion, including
all events occurring prior to infusion.

A6.

Priority question: Please provide, if available, the Kaplan-Meier curves (with the
number of patients at risk at each time point) for PFS, and OS for the SCHOLAR-1,
PIX301 and Eyre trials. If possible, please provide Kaplan-Meier curves for each of
the subgroups of these trials as set out in Table 16 (e.g. for both pixantrone
monotherapy and investigators choice in PIX310)

A7.

Page 20 of the company submission refers to patients being ineligible for stem cell
transplant (SCT) and unfit for SCT (Figure 5). Please define these classifications (in
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terms of patient characteristics). Please provide details of the number of patients in
the JULIET trial who received Tisagenlecleucel who were ‘unfit’ for SCT?
A8.

Please provide details of the number of patients (if any) who were re-treated with
tisagenlecleucel?

A9.

On page 47 it is stated that for the event free survival (EFS) analysis ** patients were
censored for subsequent SCT for the latest data cut-off. On page 43 and page 121 it
is stated that ** patients received subsequent SCT.
a. Please clarify this discrepancy.
b. Please replicate Figure 12 (EFS) with censoring for SCT (as per the study
protocol).

A10.

Please replicate Figure 7 and Figure 9 in the main submission for the following
subgroups (including number of patients still at risk):
 Age (<40 years, >=40 years to <65 years, >= 65 years)
 Prior response status (refractory to last line, relapsed to last line)
 IPI at enrolment (<2 risk factors, ≥2 risk factors)
 ECOG performance status (0,1)
 Prior HSCT (No, Yes)
 Number of prior lines of anti-neoplastic therapy (≤2 lines, >2 lines)

A11.

The clinical effectiveness section does not report on incidence of B cell aplasia –
please provide these data for the latest data cut-off date (full analysis set).

Section B: Clarification on cost-effectiveness data
Previously published studies
B1.
The Institute for Clinical and Economic Review (ICER) evidence report was identified
separately from the SLR and hence is not included in Appendix G (Published costeffectiveness studies). Please provide a short summary and critique of the costeffectiveness model, highlighting any important similarities and differences in
approaches.
Effectiveness inputs
B2.
Priority question: The decision-problem document provided by the company stated
that “An indirect treatment comparison (ITC), in the form of an unanchored matchingadjusted indirect comparison (MAIC), has therefore been conducted using individual
patient-level data from the JULIET trial and summary data from the SCHOLAR-1
meta-analysis for salvage chemotherapy, with consideration given to the guidance
published in the NICE Decision Support Unit Technical Support Document 18. MAICs
have been conducted for response rates and OS (progression-free survival [PFS]
was not reported in the SCHOLAR-1 meta-analysis).”
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Please provide the results of the MAIC for response rates and OS.
If feasible please provide MAIC analyses for the indirect comparison between
JULIET and PIX310 and JULIET and Eyre 2016. If these are not feasible
please describe why this was the case.
Please provide an additional scenario in the cost-effectiveness analysis for
the extrapolation of OS based on the MAIC analysis. Please report a
summary of goodness of fit data and a graphical comparison of the
extrapolation using parametric and spline models. Please provide an
additional Excel spreadsheet for this scenario for the purposes of validation.
Please ensure that this scenario can be run probabilistically, as with the
current decision model setup this is only possible for the base-case OS and
PFS data sources. Please include the bootstrapped samples of the
effectiveness data for this scenario data sources.

B3.

Please clarify where the numbers of patients at risk were sourced for Figure 18
(Appendix L, page 177). The numbers at risk do not appear to be reported in Crump
et al (2017).

B4.

As an alternative approach to the base-case mixture cure model for OS, a scenario
was conducted in which general population mortality was applied to those
tisagenlecleucel patients who were still alive in the model after 24 months, with
survival up to that point determined by extrapolation of the pooled JULIET and
Schuster 2017 (NCT02030834) OS data. This approach was stated to have been
utilised in the ICER approach. However, the ICER approach applied general
population mortality after 60 months. Please provide an additional scenario in the
cost-effectiveness analysis which applies general population mortality after 60
months. Please also report results using both PIX301 survival data and SCHOLAR-1
data. Similarly to the scenario requested in question B2, please ensure that the
model can also be run probabilistically using the alternative survival data (OS and
PFS) for these scenarios.

B5.

The company submission (page 85) includes reasons of why patients in the JULIET
trial (8th December 2017 cut-off date) who were assigned tisagenlecleucel may not
receive the cell infusion. Please report for patients in the JULIET trial (8th December
2017 cut-off date) assigned to tisagenlecleucel who do not receive the cell infusion
the proportion/number of patients who did not receive the intervention due to i)
adverse events and ii) cell product. If possible please replicate Table 10-1 (pages 9697) of the CSR dated October 2017 for the Full analysis set from JULIET (8th
December 2017 cut-off date).

Health related Quality of Life
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B6.

Priority question: Please present an additional scenario which incorporates an
adjustment for ageing in the model for health utilities.

Resource use and costs
B7.
Priority question: Please confirm which analysis set (e.g. Full Analysis Set or
Efficacy Analysis Set) was used to estimate the proportion of patients who receive
SCT in the model (allogeneic or autologous). If the estimates are based on the Full
Analysis Set, please provide equivalent estimates for the Efficacy Analysis Set
population.
B8.

Priority question: Please provide further details on the process of administration,
tracking and shipping of apheresis products and the management of severe toxicity.
In response to this question please refer to the recent article by Perica et al and
summarise whether similar processes are likely to be required within the NHS,
highlighting any additional resource/cost implications that have not been formally
quantified (e.g. training costs, additional administration costs associated with
ensuring the chain of custody of the cell product, whether ITU beds may need to be
made available even if not used etc).
Reference: Karlo Perica, Kevin J. Curran, Renier J. Brentjens, Sergio A. Giralt,
Building a CAR Garage: Preparing for the Delivery of Commercial CAR T Products at
Memorial Sloan Kettering Cancer Center, Biology of Blood and Marrow
Transplantation (2018), https://doi.org/10.1016/j.bbmt.2018.02.018).

B9.

Priority question: Please confirm that the payment for tisagenlecleucel is only made
for patients who are successfully infused.

B10.

Please provide further information concerning process for obtaining the separate
certification and batch release appropriate to the European regulations governing
genetically modified advanced therapy medicinal products.

B11.

Please provide additional evidence to support the expected turnaround time for
European patients.

Adverse events
B12. Given the uncertainty surrounding the potential duration of IVIG treatment, please
present additional scenario results assuming a duration of 0 months and a lifetime.
B13.

Please report additional descriptive statistics on the duration of ICU stay due to
cytokine release syndrome (CRS) e.g. median (IQR and range), mean (SD, SE).
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B14.

Please report the proportion of patients in the JULIET trial (8th December 2017 cutoff date) who were treated for adverse events of any grade with tocilizumab and the
average number of doses of tocilizumab received by these patients.

Section C: Textual clarifications and additional points
C1.

Please provide the following references:
 Maude SL, Grupp SA, Pulsipher MA, et al. Analysis of Safety Data from 2
Multicenter Trials of CTL019 in Pediatric and Young Adult Patients with
Relapsed/Refractory (R/R) B-Cell Acute Lymphoblastic Leukemia (B-ALL)
[Abs P517]. European Hematology Association, 2017.
 Supplementary Appendix of: Schuster SJ, Svoboda J, Chong EA, et al.
Chimeric Antigen Receptor T Cells in Refractory B-Cell Lymphomas. N Engl J
Med 2017;377:2545-2554.

C2.

On Table 49, the unit cost for administration of IVIG (£173.99) is stated to correspond
to the NHS reference cost HRG code “Deliver Complex Chemotherapy, including
Prolonged Infusional Treatment, at First Attendance SB14Z; Outpatient”. However,
the unit cost value reported on the table does not correspond to the value reported
for this code on NHS reference costs (£269.86). Please clarify?

C3.

On Table 2 (Excel cost-effectiveness model, AE cost input (UK) sheet) the average
duration of ICU stay is corrected by a factor of 1.08 (26/24). Please clarify the
rationale for this adjustment?
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Single technology appraisal
Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Dear Frances,
Thank you for the opportunity to respond to the clarification questions from the Evidence
Review Group. We thank the team for their comments on the submission and hope that our
responses to the individual questions in turn below provide clarity for our approach in the
submission and the necessary additional information where this has been possible.
As requested, we have uploaded to NICE Docs two versions of this response letter: one with
academic/commercial-in-confidence information clearly marked and one with this information
removed. Accompanying these response letters is also a zipped folder data package,
containing the references referred to within this response.
Please do not hesitate to get in touch should you have any questions regarding our
response.
Kind regards,
xxxxxxxxxxxx
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Section A: Clarification on effectiveness data
A1.

Priority question: Please provide the following references.
 Novartis. CTL019C2201: A phase II, single arm, multicenter trial to determine
the efficacy and safety of CTL019 in adult patients with relapsed or refractory
diffuse large B-cell lymphoma (DLBCL). Interim Clinical Study Report. (10th
October 2017). NB: Please provide the full clinical study report (CSR) which
includes the data and tables which are referred to but not included in the main
body of the CSR previously submitted.

A zip folder containing all of the relevant data tables referred to but not included in Document
B of the submission has been provided alongside this document.


Novartis. Data on File: Diffuse Large B-Cell Lymphoma (DLBCL) Advisory
Board (16th November 2017). Meeting Report.

The Advisory Board Meeting Report referenced in the submission have been provided in the
zip folder alongside this document.
It should be noted that this Advisory Board took place several months prior to the
submission, before the comprehensive review of observational studies and subsequent
identification of the Eyre 2016 study, and before the licence wording for tisagenlecleucel in
this indication had been finalised. Since then Novartis have undertaken several focussed
discussions with UK clinical experts, and the minutes from these discussions have been
provided in the reference pack alongside this document.


Novartis. Data on file. Response to supplemental information request.

The referenced figure from the supplemental information request was already provided
within the submission and also as Figure 7 in this document as the response to Question A9.
A2.

Priority question: Please provide an additional Kaplan-Meier plot for progressionfree survival (PFS) without censoring for SCT (Full Analysis Set at the 8th December
cut-off) based on the local investigator assessment.

The Kaplan-Meier plot for PFS without censoring for SCT by local investigator assessment
(Full Analysis Set at the 8th December cut-off) is provided in Figure 1.
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Figure 1: Kaplan-Meier plot of PFS without censoring for SCT by local investigator
assessment (Full Analysis Set) at the 8th December 2017 data cut-off

Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: PFS: progression-free survival; SCT: stem cell transplantation.
Source: JULIET Data on File (8th December 2017).1

A3.

Priority question: Please provide the Kaplan-Meier curves (with the number of
patients at risk at each time point) for PFS, and overall survival (OS) (Efficacy
Analysis Set at the 8th December cut-off) by response status (ORR at 3 months [Yes,
No] and CR at 3 months [Yes, No]).

Due to time constraints, the Kaplan-Meier plots of PFS and overall survival (OS) for patients
who achieved a response at 3 months (i.e. ORR at 3 months [Yes]) were not available at this
time and have therefore not been provided here. As agreed with NICE, these data will be
provided in due course.
The Kaplan-Meier plots of PFS and OS for patients who did not achieve a response at 3
months (i.e. ORR at 3 months [No]) are shown in Figure 2 and Figure 3, respectively.
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Figure 2: Kaplan-Meier plot of PFS without censoring for SCT for patients who did not
achieve a response based on IRC assessment at the at the 8th December 2017 data cut-off
(Full Analysis Set)

Patients who did not achieve a response include those with stable disease, progressed disease and those with
unknown response status. Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is
relative to first tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017).1

Figure 3: Kaplan-Meier plot of OS for patients who did not achieve a response based on
IRC assessment at the at the 8th December 2017 data cut-off (Full Analysis Set)

Patients who did not achieve a response include those with stable disease, progressed disease and those with
unknown response status. Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is
relative to first tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: IRC: independent review committee; OS: overall survival
Source: JULIET Data on File (8th December 2017).1

The Kaplan-Meier plots of PFS and OS for patients who achieved a complete response (CR)
(i.e. CR at 3 months [Yes]) are shown in Figure 4 and Figure 5 respectively.
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Figure 4: Kaplan-Meier plot of PFS without censoring for SCT for patients who achieved a
CR based on IRC assessment at the at the 8th December 2017 data cut-off (Full Analysis
Set)

Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017).1

Figure 5: Kaplan-Meier plot of OS for patients who achieved a CR based on IRC
assessment at the at the 8th December 2017 data cut-off (Full Analysis Set)

Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: IRC: independent review committee; OS: overall survival
Source: JULIET Data on File (8th December 2017).1

Due to time constraints, the Kaplan-Meier plots of PFS and OS for patients who did not
achieve a complete response (CR) (i.e. CR at 3 months [No]) were not available at this time
and are therefore not presented here. As agreed with NICE, these data will be provided in
due course.

A4.

Priority question: Please confirm that for both curves in Figure 8 time zero is time of
enrolment? (If this is not the case, please provide curves beginning from time from
enrolment). Please add a Kaplan-Meier curve to Figure 8 for the full ITT population
(infused and non-infused together).

5

Novartis can confirm that for both curves in Figure 8 of Document B (page 43), time zero
corresponds to the time of enrolment. The Kaplan-Meier plot of OS for the full ITT
population of JULIET (all enrolled patients) is provided in Figure 6 below, alongside the
OS curve for the infused patients (equivalent to the curve presented in Figure 8 of
Document B). In addition, the Kaplan-Meier plot of OS from enrolment for
tisagenlecleucel-infused and non-infused patients is presented in

Figure 7 below (equivalent to Figure 8 of Document B).
Figure 6: Kaplan-Meier plot of OS from enrolment (All enrolled versus tisagenlecleucelinfused patients)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017).1
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Figure 7: Kaplan-Meier plot of OS from enrolment (Tisagenlecleucel-infused versus NonInfused Patients)

Abbreviations: OS: overall survival
Source: Novartis Data on File.2

A5.

Priority question: Please replicate the three Kaplan-Meier curves in Figure 8,
(infused, non-infused and full ITT population) for Figure 9 (PFS). Please include
censoring for SCT, and start at enrolment date, rather than date of infusion, including
all events occurring prior to infusion.

PFS was not assessed for patients who did not receive an infusion of tisagenlecleucel and
therefore Kaplan-Meier curves of PFS for non-infused patients and the full ITT population
cannot be generated here.
A6.

Priority question: Please provide, if available, the Kaplan-Meier curves (with the
number of patients at risk at each time point) for PFS, and OS for the SCHOLAR-1,
PIX301 and Eyre trials. If possible, please provide Kaplan-Meier curves for each of
the subgroups of these trials as set out in Table 16 (e.g. for both pixantrone
monotherapy and investigators choice in PIX310)

SCHOLAR-1
Kaplan-Meier plots of PFS for patients in the SCHOLAR-1 trial (overall population and
refractory subgroups) were not available. Kaplan-Meier plots of OS for patients in the
SCHOLAR-1 trial were available from Crump et al. (2017).3 The Kaplan-Meier plots of OS for
the overall population and refractory subgroups (primary refractory, refractory to second- or
later-line of therapy and relapsed ≤12 months after autologous SCT) are presented in Figure
7

8 and Figure 9, respectively. The number of patients at risk at each timepoint were not
reported.
Figure 8: Kaplan-Meier plot of OS for the SCHOLAR-1 full population

Abbreviations: OS: overall survival
Source: Crump et al. (2017)3 – Figure 3A

Figure 9: Kaplan-Meier plot of OS for the SCHOLAR-1 refractory subgroups

Abbreviations: ASCT: autologous stem cell transplant; OS: overall survival
Source: Crump et al. (2017)3 – Figure 3B

PIX301
Kaplan-Meier plots of PFS and OS (including number of patients at risk) were available from
Pettengell et al. (2012) for the PIX301 overall population, and are displayed in Figure 10 and
Figure 11, respectively.4 The Kaplan-Meier plot of OS for the subgroup of patients receiving
pixantrone in the 3rd or later line, with prior rituximab, was not available. The Kaplan-Meier
plot of PFS for this subgroup was reported in Pettengell et al. (2016) and is displayed in
Figure 12.5
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Figure 10: Kaplan-Meier plot of PFS for the PIX301 full population (pixantrone and IC)

Abbreviations: IC: investigators choice; PFS: progression-free survival
Source: Pettengell et al. (2012)4 – Figure 2A

Figure 11: Kaplan-Meier plot of OS for the PIX301 full population (pixantrone and IC)

These figures are screenshots from Pettengell et al. (2012) – the legend in Figure 10 applies here too.
Abbreviations: IC: investigators choice; OS: overall survival
Source: Pettengell et al. (2012)4 – Figure 2B
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Figure 12: Kaplan-Meier plot of PFS for the subgroup of patients in the PIX301 trial
receiving pixantrone of IC in the 3rd or later line, with prior rituximab

Abbreviations: IC: investigators choice; PFS: progression-free survival
Source: Pettengell et al. (2016)5 – Figure 2A

Eyre 2016
Kaplan-Meier plots of PFS and OS (including number of patients at risk) were available from
Eyre et al. (2016) and are displayed in Figure 13 and Figure 14, respectively.6
Figure 13: Kaplan-Meier plot of PFS for patients in the Eyre 2016 UK observational study

Abbreviations: PFS: progression-free survival
Source: Eyre et al. (2016)6 – Figure 2A
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Figure 14: Kaplan-Meier plot of OS for patients in the Eyre 2016 UK observational study

Abbreviations: OS: overall survival
Source: Eyre et al. (2016)6 – Figure 2B

A7.

Page 20 of the company submission refers to patients being ineligible for stem cell
transplant (SCT) and unfit for SCT (Figure 5). Please define these classifications (in
terms of patient characteristics). Please provide details of the number of patients in
the JULIET trial who received Tisagenlecleucel who were ‘unfit’ for SCT?

There are no clear definitions in terms of patient characteristics for these classifications
(ineligible for SCT and unfit for SCT). The classification is based on clinician assessment as
noted in Section B.1.3.2 of Document B: “treatment choice for patients who are relapsed or
refractory to first-line chemotherapy is guided by consideration of a patient’s ability (i.e. age
and fitness) to tolerate high-dose therapy and transplantation”.
Regarding Figure 5 of Document B (page 20), we have used “ineligible for SCT” to represent
patients who are initially not considered for SCT and “unfit for SCT” to represent patients
who are initially considered for autologous SCT and treated with intensive salvage
chemotherapy in the second-line setting but ultimately do not receive a transplant due to
poor fitness or failure to achieve remission with salvage chemotherapy.
The inclusion criteria for the JULIET trial state that patients must have “relapsed or refractory
disease after ≥2 lines of chemotherapy, including rituximab and anthracycline, and either
having failed autologous HSCT, or being ineligible for or not consenting to autologous
HSCT”, but no further clarification is provided. Given the limited guidance in the JULIET
protocol and the lack of clear definitions in terms of patient characteristics for patients who
are “unfit” or “ineligible” for SCT, it is not possible to estimate the number of patients in each
category for the JULIET trial for this response.
A8.

Please provide details of the number of patients (if any) who were re-treated with
tisagenlecleucel?

11

Novartis can confirm that no patients received a second infusion of tisagenlecleucel in the
JULIET trial.
A9.

On page 47 it is stated that for the event free survival (EFS) analysis xx patients were
censored for subsequent SCT for the latest data cut-off. On page 43 and page 121 it
is stated that x patients received subsequent SCT.
a. Please clarify this discrepancy.

It is correct that x patients received subsequent SCT, but all of these patients had
experienced an event (progression) prior to SCT i.e. they were not event-free, therefore xx
patients had to be censored for SCT in the EFS analysis.
b. Please replicate Figure 12 (EFS) with censoring for SCT (as per the study
protocol).
The Kaplan-Meier plot for EFS with censoring for SCT is shown in Figure 15. This figure is
identical to Figure 12 of Document B, as xx patients were censored for SCT as they had
experienced an event prior to the SCT.
Figure 15: Kaplan-Meier plot of event-free survival (EFS) censoring for SCT by IRC
assessment (full analysis set)

Full Analysis Set comprises all patients who received tisagenlecleucel infusion. Time is relative to first
tisagenlecleucel infusion date, 1 month = 30.4375 days.
Abbreviations: EFS: event-free survival; IRC: independent review committee; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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A10.

Please replicate Figure 7 and Figure 9 in the main submission for the following
subgroups (including number of patients still at risk):

Replications of Figures 7 and 9 on pages 42 and 44 of the main submission for the
requested subgroups are provided below. Please note all PFS curves are presented with
censoring for SCT, but these are identical to the uncensored curves, as all patients who
received subsequent SCT had experienced disease progression first.


Age (<40 years, >=40 years to <65 years, >= 65 years)

Kaplan-Meier plots for patients aged ≥40 years to <65 years were unfortunately unavailable
and instead the data for patients aged ≥40 years to <60 years have been presented here.
OS (overall survival)
Figure 16: Kaplan-Meier plot of OS for patients aged <40 years (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1

Figure 17: Kaplan-Meier plot of OS for patients aged ≥40 years to <60 years (Full Analysis
Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1
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Figure 18: Kaplan-Meier plot of OS for patients aged ≥60 years (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1

Figure 19: Kaplan-Meier plot of OS for patients aged ≥65 years (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1
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PFS (progression-free survival)
Figure 20: Kaplan-Meier plot of PFS censoring SCT by IRC for patients aged <40 years
(Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1

Figure 21: Kaplan-Meier plot of PFS censoring SCT by IRC for patients aged ≥40 years to
<65 years (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 22 Kaplan-Meier plot of PFS censoring SCT by IRC for patients aged ≥65 years (Full
Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1



Prior response status (refractory to last line, relapsed to last line)

OS (overall survival)
Figure 23: Kaplan-Meier plot of OS for patients who were refractory to the last line of
therapy (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1
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Figure 24: Kaplan-Meier plot of OS for patients who were relapsed to the last line of
therapy (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1

PFS (progression-free survival)
Figure 25: Kaplan-Meier plot of PFS censoring SCT by IRC for patients who were
refractory to the last line of therapy (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 26: Kaplan-Meier plot of PFS censoring SCT by IRC for patients who were relapsed
to the last line of therapy (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1



IPI at enrolment (<2 risk factors, ≥2 risk factors)

OS (overall survival)
Figure 27: Kaplan-Meier plot of OS for patients who had <2 IPI risk factors at enrolment
(Full Analysis Set)

Abbreviations: IPI: International Prognostic Index OS: overall survival
Source: JULIET Data on File (8th December 2017)1
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Figure 28: Kaplan-Meier plot of OS for patients who had ≥2 IPI risk factors at enrolment
(Full Analysis Set)

Abbreviations: IPI: International Prognostic Index OS: overall survival
Source: JULIET Data on File (8th December 2017)1

PFS (progression-free survival)
Figure 29: Kaplan-Meier plot of PFS censoring SCT by IRC for patients who had <2 IPI risk
factors at enrolment (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 30: Kaplan-Meier plot of PFS censoring SCT by IRC for patients who had ≥2 IPI risk
factors at enrolment (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1



ECOG performance status (0,1)

This subgroup analysis was not conducted as it was not pre-defined in the analysis plan and
is therefore not possible to be provided.


Prior HSCT (No, Yes)

OS (overall survival)
Figure 31: Kaplan-Meier plot of OS for patients who had received prior SCT (Full Analysis
Set)

Abbreviations: OS: overall survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 32: Kaplan-Meier plot of OS for patients who had not received prior SCT (Full
Analysis Set)

Abbreviations: OS: overall survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1

PFS (progression-free survival)
Figure 33: Kaplan-Meier plot of PFS censoring SCT by IRC for patients who had received
prior SCT (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 34: Kaplan-Meier plot of PFS censoring SCT by IRC for patients who had not
received prior SCT (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1



Number of prior lines of anti-neoplastic therapy (≤2 lines, >2 lines)

Please note that data for >2 lines was not available; instead we have provided the KaplanMeier plots for patients with 3–4, and >4 prior lines of anti-neoplastic therapy.
OS (overall survival)
Figure 35: Kaplan-Meier plot of OS for patients with ≤2 prior lines of anti-neoplastic
therapy (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1

Figure 36: Kaplan-Meier plot of OS for patients with 3–4 prior lines of anti-neoplastic
therapy (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1

22

Figure 37: Kaplan-Meier plot of OS for patients with >4 prior lines of anti-neoplastic
therapy (Full Analysis Set)

Abbreviations: OS: overall survival
Source: JULIET Data on File (8th December 2017)1

PFS (progression-free survival)

Figure 38: Kaplan-Meier plot of PFS censoring SCT by IRC for patients with ≤2 prior lines
of anti-neoplastic therapy (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 39: Kaplan-Meier plot of PFS censoring SCT by IRC for patients with 3–4 prior lines
of anti-neoplastic therapy (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1
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Figure 40: Kaplan-Meier plot of PFS censoring SCT by IRC for patients with >4 prior lines
of anti-neoplastic therapy (Full Analysis Set)

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplant
Source: JULIET Data on File (8th December 2017)1

A11.

The clinical effectiveness section does not report on incidence of B cell aplasia –
please provide these data for the latest data cut-off date (full analysis set).

The incidence of B-cell aplasia was not reported for the JULIET trial. Therefore, as described
in Section B.3.3.3 of Document B, it was instead assumed that all patients with decreased
blood immunoglobulin G, decreased immunoglobulins, hypogammaglobinaemia and
immunodeficiency common variable (any grade, as reported in the JULIET trial) would
receive IVIG treatment. The incidences of these adverse events are reported below in Table
1.
Table 1: Adverse events for which patients are assumed to receive IVIG treatment
All patients (N=111)

Number of patients with at least one AE, n
(%)

All grades
n (%)

Grade 3
n (%)

Grade 4
n (%)

xxxxxxxxx

xxxxxxx

x

Blood immunoglobulin G decreased

xxxxxxx

xxxxxxx

x

Immunoglobulins decreased

xxxxxxx

x

x

Hypogammaglobulinaemia

xxxxxxx

xxxxxxx

x

Immunodeficiency common variable

xxxxxxx

x

x

Total

Abbreviations: AE: adverse event
Source: JULIET Data on File (8th December 2017)1

Section B: Clarification on cost-effectiveness data
Previously published studies
B1.
The Institute for Clinical and Economic Review (ICER) evidence report was identified
separately from the SLR and hence is not included in Appendix G (Published costeffectiveness studies). Please provide a short summary and critique of the costeffectiveness model, highlighting any important similarities and differences in
approaches.
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A summary of the DLBCL cost-effectiveness analysis reported in the ICER evidence report
is provided below. It should be noted that tisagenlecleucel was not included within this
analysis. The analysis is based on another CAR-T therapy (axicabtagene ciloleucel)
comparing against chemotherapy (R-DHAP) among adults aged 18 years and older with R/R
aggressive B-cell lymphoma who are ineligible for ASCT. An overview of the analysis is
presented in Table 2 below.
In summary, both analyses had a decision tree element, and both analyses made the
assumption that patients who are not ultimately infused with CAR-T therapy receive the
active comparator. The ICER analysis also incorporated a response element, but only for the
purpose of outcomes-based pricing i.e not related to survival. The patient population
considered is different to the patient population of this appraisal; patients must have been
ineligible for SCT but the number of prior treatments is not specified. The SCHOLAR-1 trial
was used to inform the efficacy of salvage chemotherapy; whilst this may have been
appropriate for the analysis versus axicabtagene ciloleucel, as stated within our submission,
the patient population of the overall SCHOLAR-1 trial is not representative of the licensed
indication of tisagenlecleucel in DLBCL. Furthermore, the costs for salvage chemotherapy
were based on R-DHAP, which is not one of the comparators relevant to this appraisal.
Many of the other cost assumptions are similar to those made in our submission, as can be
seen in Table 2. A 5-year cure point was considered in the ICER analysis based on the
approach used in NICE Mock Appraisal conducted by the University of York which was
specific to acute lymphoblastic leukaemia (ALL) and not DLBCL; no justification is provided
for this, nor for the SMR of 1 that is incorporated after this point. Additionally, there is some
uncertainty in the ICER report regarding the point at which general mortality was applied; the
ICER report states that the model included a “knot at 24 months, then death only due to allcause mortality” for extrapolation of overall survival for patients treated with axicabtagene
ciloleucel. It is therefore unclear whether a 60-month timepoint was used in the final ICER
model (see response to Question B4).
Table 2: Overview of ICER cost-effectiveness analysis
Overview
Model structure A two-part model, consisting of a short-term decision tree and long-term semiMarkov partitioned survival model
Patient
characteristics
Horizon
Perspective
Discounting
Utility/Disutility

Adults aged 18 years and older with relapsed/refractory aggressive B-cell
lymphoma who are ineligible for ASCT
Life-time horizon
Third party payer perspective (base case analysis), productivity losses to the
patient and caregiver were considered in a scenario analysis
3% annually




Utilities for the B-cell lymphoma
cohort were derived from selfreported quality of life data on
the EuroQoL-5D in adult patients
with non-Hodgkin’s lymphoma.
The utility for a long-term survivor
was assumed to equal the utility
of the alive and responding to
treatment health state. The longterm survivor utility (equivalent to
the alive and responding to
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Alive and not responding to
treatment: 0.39
Alive and responding to treatment
(i.e. progression-free or event-free
survival): 0.83
Long-term survivor-alive,
responding to treatment after 5
Years (i.e. progression-free or
event-free survival): 0.83





treatment utility) is similar (0.823)
to the general population mean
EuroQoL-5D score for the age
band 60-69 years.
Disutilities were applied for each
treatment, including pretreatment regimens for CAR-T, to
account for the potential
reduction in quality of life while
receiving treatment. Further,
disutilities for AEs were
considered. All disutilities due to
AEs associated with CAR-T,
stem cell transplantation, and
chemotherapy were assumed to
be accounted for in the treatment
disutility estimates. Only
occurrences of grade 3/4 CRS
were expected to impact quality
of life outside of what was
included in the treatment
disutilities. In alignment with
NICE mock health technology
appraisal conducted for
regenerative medicines, a utility
of 0 was applied for any grade 3
or higher case of CRS. This
disutility lasted for eight days,
which equated to the median
duration of ICU stay due to CRS
Drug acquisition costs















Drug
acquisition
costs





Resource
utilisation costs

Resource utilisation costs. Costs
associated with other healthcare
utilisation that resulted from
administration and monitoring
were included.
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Chemotherapy (applied for
duration of treatment. Applies to
pre-CAR-T treatment
chemotherapies as well) : -0.42
SCT (Applied for duration of Stage
1 and includes all decrements due
to AEs): -0.57

Axicabtagene Ciloleucel:
$373,000
Dexamethasone: $0.33
Cytarabine: $0.01
Cisplatin : $0.21
Rituximab : $8.48
Fludarabine : $2.10
Cyclophosphamide: $0.42
Tocilizumab: $4.37
Intravenous immunoglobulin:
$0.08
Auto-SCT : $208,000.94 (inflated
to present value)
Allo-SCT: $485,000.95 (inflated to
presented value)
Cost per hospital day (pediatric):
$4,049
Cost per hospital day (adult):
$3,037
Cost per day in ICU: $5,296
Office visit: $74
Leukapheresis: $1,093
Intravenous Treatment
Administration (first hour): $140
Intravenous treatment
administration (each additional
hour): $29










Adverse Event Costs:
The model included any grade
3/4 AE that occurred in ≥ 5% of
patients in any of the treatments
and comparators.
AE costs were derived from
reasonable treatment
assumptions used in previous
analyses and from the Agency
for Healthcare Research and
Quality (AHRQ) Healthcare Cost
and Utilization Project.
For all CAR-T associated AEs,
except for B-cell aplasia and
CRS, the cost of the
hospitalisation following CAR-T
infusion was assumed to include
the cost of AEs.
Costs for B-cell aplasia and CRS
were added in addition to the
hospitalisation because they
were expected to either prolong
the hospitalisation or extend
beyond discharge.
The unit cost for a grade 3/4
episode of CRS included the cost
of tocilizumab and an ICU stay.
The unit cost for B-cell aplasia
included the cost of intravenous
immunoglobulin treatment for
11.4 months.
























Base case
resultsa

Axicabtagene Ciloleucel vs.
Chemotherapy (R-DHAP)







Intravenous Treatment
Administration (each additional
sequence/drug): $66
Hematology Panel: $11
Liver Function Test: $8
Adverse event (ICD-9-CM):
Mean cost (SE)
Abdominal pain (789.0): $6,766
($7,148)
Acute kidney injury (584): $17,357
($20,817)
Decreased appetite (783.0):
$9,918 ($14,317)
Delirium (780.09): $8,284
($11,440)
Diarrhea (787.91): $7,880
($10,698)
Encephalopathy (348.30):
$11,222 ($12,165)
Epistaxis (784.7): $9,054
($18,629)
Fatigue (780.71): $7,486
($11,105)
Febrile neutropenia (288.00):
$13,975 ($22,204)
Headache (784.0): $7,130 (7,810)
Hypotension (458.9): $8,362
($10,336)
Hypoxia (799.02): $8,472
($12,697)
Infections (686.9): $7,680
($10,857)
Nausea (787.02): $6,229 ($7,314)
Pain in extremity (729.5): $6,863
($10,172)
Petechiae (782.7): $8,303
($12,486)
Pyrexia (780.60): $7,401 ($9,826)
Tachycardia (785.0): $6,885
($9,431)
Vomiting (787.03): $5,731
($7,482)
Incremental costs: $462,043
Incremental LYs: 4.12
Incremental QALYs: 3.40
ICER per LY: $112,168
ICER per QALY: $136,078

Abbreviations: AE: Adverse event; ASP: Average sales price; CAR-T: Chimeric antigen receptor T-cells; CRS:
Cytokine releasing syndrome; EuroQoL-5D: European quality of life- 5 Dimensions; HCUP: Healthcare cost and
utilization project; ICER: Incremental cost-effectiveness ratio; ICU: Intensive care unit; LY: Life-year; QALY:
Quality-adjusted life-years; R-DHAP: Rituximab, dexamethasone, cytarabine and cisplatin; SCT: Stem-cell
transplantation; SE: Standard error; WAC: Wholesale acquisition cost
aFor axicabtagene ciloleucel, the payment strategy used in the base-case analysis was payment at infusion, as the
manufacturer has stated that pricing is not expected to vary by treatment outcome.
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Effectiveness inputs
B2.
Priority question: The decision-problem document provided by the company stated
that “An indirect treatment comparison (ITC), in the form of an unanchored matchingadjusted indirect comparison (MAIC), has therefore been conducted using individual
patient-level data from the JULIET trial and summary data from the SCHOLAR-1
meta-analysis for salvage chemotherapy, with consideration given to the guidance
published in the NICE Decision Support Unit Technical Support Document 18. MAICs
have been conducted for response rates and OS (progression-free survival [PFS]
was not reported in the SCHOLAR-1 meta-analysis).”
 Please provide the results of the MAIC for response rates and OS.
At the time of writing the decision-problem document, a MAIC between JULIET and
SCHOLAR-1 was being explored. However, this was before the licence wording for
tisagenlecleucel in this indication had been finalised and prior to the comprehensive review
of observational studies and subsequent identification of the Eyre 2016 study..
It was subsequently identified that the overall SCHOLAR-1 patient population did not
adequately reflect the licensed patient population of interest in this submission: as discussed
in Section B.2.8 of Document B, over a quarter of patients in the overall SCHOLAR-1
population had received just one prior therapy (i.e. primary refractory), which is not
consistent with the patient population of interest in this appraisal.3 Furthermore, a relatively
high proportion of patients had received subsequent SCT (180/603 [29.9%]) and the authors
noted that the long-term durable responses, representing the tail of the Kaplan-Meier curve
of OS, were primarily driven by those who received a subsequent SCT.3 Clinical experts
consulted as part of this submission do not believe that the rate of subsequent SCT or the
long-term OS seen in SCHOLAR-1 are representative of third- or later-line DLBCL patients
receiving salvage chemotherapy in UK clinical practice and, due to the lack of SCHOLAR-1
individual patient-level data, it was not possible to remove these patients from any analyses.
As such, the use of the overall population from SCHOLAR-1 was not considered further for
the submission. A scenario analysis where comparator efficacy was based on survival data
derived from SCHOLAR-1 refractory subgroups (refractory to second- or later-line therapy,
and relapsed ≤12 months after autologous SCT) was instead included as part of the
submission for transparency, given these subgroups were deemed more closely aligned to
the population of interest than the SCHOLAR-1 overall population, albeit maintaining the
higher rate of subsequent SCT associated with the overall population. However, as baseline
characteristics were not available for this subgroup, it is not possible to conduct MAIC
analyses for this subgroup versus JULIET.
For transparency, results from the MAIC analysis of JULIET versus the SCHOLAR-1 overall
population that was previously explored are provided below. Due to the caveats highlighted
above, these results should be interpreted with caution and are not considered relevant to
this appraisal. Additionally, the MAIC analysis was conducted using data from the 9-month
data-cut (6th September 2017) from the JULIET trial, as the 12-month data (8th December
2017) were not yet available, and therefore represents an out-of-data analysis.
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Methodology
The MAICs were conducted for ORR (and CR rate) and OS whereby outcomes in the JULIET
trial were predicted using a propensity score weighting approach to first match patient
characteristics from the JULIET trial to those of patients included in the SCHOLAR-1 metaanalysis.
The matched variables included primary diagnosis (DLBCL versus non-DLBCL), IPI risk
classification (<2 risk factors versus ≥2 risk factors), and refractory category (primary refractory,
refractory to ≥2nd line therapy, relapsed ≤12 months post ASCT). Age, ECOG performance
status, and disease stage were not matched as they are each included as components in the IPI
risk classification. Gender was also not matched as both studies included a similar proportion of
male patients (SCHOLAR-1: 64%; JULIET: xxxx%). In addition, matching based on the total
number of lines of prior chemotherapy and autologous SCT received was not possible because
the information reported for SCHOLAR-1 was incomplete (data was missing for approximately
22% of patients) and the reason for lack of data was unclear.
Only those patients in the JULIET trial that met the eligibility criteria for the SCHOLAR-1 metaanalysis (i.e. met the definition for refractory disease) were included in the MAICs. In total, xx
patients met the SCHOLAR-1 inclusion criteria and were included in the MAICs, with xx patients
with response evaluated included in the comparisons of ORR and all xx patients included in the
OS comparison.
Results

The comparison of baseline characteristics between the selected JULIET patients (N=xx)
and the SCHOLAR-1 patients (N=636) is presented in Table 3. The weighted comparisons
of efficacy outcomes between tisagenlecleucel in the JULIET trial and salvage
chemotherapy in the SCHOLAR-1 meta-analysis are presented in Table 4.
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Table 3: Matching baseline characteristics between JULIET and SCHOLAR-1 before and
after matching
Before matching
Characteristic

After matching

JULIET
(N=xx)a

SCHOLAR1 (N=636)b

p-valuec

JULIET
(N=xx)d

SCHOLAR1 (N=636)b

p-valuee

xxxxx

93.5%

xxxxxxx

xxxxx

93.5%

xxxx

xxxxx

30.5%

xxxx

xxxxx

30.5%

xxxx

Refractory
category,
primary
refractoryh %

xxxxx

28.0%

xxxxx

xxxxx

28.0%

xxxx

Refractory
category,
refractory ≥2
linesh %

xxxxx

50.0%

xxxx

xxxxx

50.0%

xxxx

Primary
diagnosis,
DLBCLf %
IPI, <2 risk
factorsg %

* Denotes p-value <0.05
a Patients in the Main Cohort and Cohort A of the JULIET trial (treated with tisagenlecleucel from US or EU
manufacturing facility) who met the SCHOLAR-1 refractory criteria (N=xx) were included. The baseline
characteristics for JULIET were calculated using patient-level data for the xx patients (data cut-off date: 6th
September 2017). b The baseline characteristics for SCHOLAR-1 patients (N=636) were extracted from Crump et
al. (2017).3 c Chi-squared tests were used to compare baseline characteristics before matching. d All xx patients
were reweighted to match the average baseline characteristics for SCHOLAR-1 patients. An effective sample size
was calculated to detect situations in which extreme weights may lead to low statistical power for the comparison.
The effective sample size after matching was xx, indicating that there was no evidence of extreme weights. e
Weighted Chi-squared tests were used to compare baseline characteristics after matching. The weights were
estimated from matching the selected patient baseline characteristics between JULIET (Main Cohort and Cohort
A) and SCHOLAR-1. f In JULIET, non-DLBCL diagnosis category included transformed follicular lymphoma (TFL)
and other. In SCHOLAR-1, non-DLBCL diagnosis category included TFL, primary mediastinal B-cell lymphoma
(PMBCL), and intermediate/missing; 7% patients with missing diagnoses (1% for intermediate/missing + 6% with
missing data) were imputed proportionally to DLBCL or non-DLBCL categories. g The IPI risk classification
assessed at study entry in JULIET was assumed to be comparable to that assessed at diagnosis or randomisation
in SCHOLAR-1. The SCHOLAR-1 study included 18% participants whose IPI was missing or incompletely
assessed, and these patients were proportionally imputed into low IPI risk (< 2) or intermediate to high IPI risk (≥
2) categories. h The percentage of patients who relapse within 12 month post-autologous SCT were automatically
matched between two studies after matching percentages of patients who were primary refractory and refractory
to ≥ 2 lines. These three categories were mutually exclusive and collectively exhaustive.
Abbreviations: DLBCL: diffuse large B-cell lymphoma; IPI: International Prognostic Index; PMBC: primary
mediastinal B-cell lymphoma; SCT: stem cell transplantation; TFL: transformed follicular lymphoma.
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Table 4: Comparison of efficacy outcomes between tisagenlecleucel (JULIET) and salvage chemotherapy (SCHOLAR-1) before and after
matching
Before matching
Outcome

After matching

Tisagenlecleucel

Salvage
chemotherapy

Difference
(95% CI)

pvaluef

Tisagenlecleucel

Salvage
chemotherapy

Difference
(95% CI)

pvalueg

ORR

xxxxx

7.0%

xxxxx
xxxxxxxxxxxxx

xxxxxx

xxxxx

7.0%

xxxxx
xxxxxxxxxxxxxx

xxxxxx

CRc

xxxxx

26.0%

xxxxx
xxxxxxxxxxxxxx

xxxxxx

xxxxx

26.0%

xxxxx
xxxxxxxxxxxxxx

xxxxxx

xxxxxxxxxxxxxx

6.3 (5.9, 7.0)

xxxxxxxxxxxxxx

6.3 (5.9, 7.0)

Response ratesa,b

OSd,e
Median (month),
95% CI
Log-rank test
HR
(tisagenlelceucel
versus salvage
chemotherapy),
95% CI

xxxxxx

xxxxxxxxxxxxxxxxx

xxxxxx

xxxxxx

xxxxxxxxxxxxxxxxx

xxxxxx

* Denotes p-value < 0.05
a For responses, patients in the Main Cohort and Cohort A of the JULIET trial (treated with CTL019 from US or EU manufacturing facility) who met the SCHOLAR-1 refractory
criteria and had evaluated responses (N=xx) were included (data cut-off date: 6th September 2017). After matching, the ORR and CR rate were calculated by reweighting all xx
patients who had evaluated response and were compared with those for SCHOLAR-1. An effective sample size was calculated to detect situations in which extreme weights
may lead to low statistical power for the comparison. The effective sample size after matching was xx, indicating that there was no evidence of extreme weights. b The ORR and
CR rate for the SCHOLAR-1 patients with evaluated responses (N=523) were extracted from Crump et al. [2017]. c The ORR was defined as the proportion of patients with a
best overall disease response of CR or PR in JULIET. d For OS, patients in the Main Cohort and Cohort A of the JULIET trial (treated with CTL019 from US manufacturing facility)
who met the SCHOLAR-1 refractory criteria (N=xx) were included. The effective sample size after matching was xx, indicating that there was no evidence of extreme weights. e
SCHOLAR-1 patients with OS data (N=603) were extracted from the Crump et al. [2017]. f Before matching, CR rate and ORR were compared using the Chi-squared test. For
OS, the log-rank test was used to compare two Kaplan-Meier (KM) curves, while the Cox proportional hazards model was developed for HR estimation. The proportional hazards
assumption was not rejected. g After matching, the weighted Chi-squared test was used for CR rate and ORR comparison. For OS, the weighted log-rank test was used to
compare KM curves, while the weighted Cox model was developed for HR estimation. The weights were estimated from matching the selected patient baseline characteristics
between JULIET (Main Cohort and Cohort A) and SCHOLAR-1. The proportional hazards assumption was not rejected.
Abbreviations: CI: confidence Interval; CR: complete response; ORR: overall response rate; OS: overall survival; NE: not estimable; HR: hazard ratio.

32



If feasible please provide MAIC analyses for the indirect comparison between
JULIET and PIX310 and JULIET and Eyre 2016. If these are not feasible
please describe why this was the case.

PIX301
Baseline characteristics are not available for the subgroup of interest in the PIX301 trial
(patients with aggressive B-cell NHL with histology confirmed by central review who had
received prior rituximab and were being treated in the third- or later-line setting), so a MAIC
analysis between this population and JULIET is not possible. Baseline characteristics are
available for the full PIX301 population. However, as discussed in Section B.2.8 of
Document B, this population: included a proportion of patients who had not received prior
rituximab (46% and 44% in each of the treatment arms), which is not reflective of clinical
practice in England, whereby patients typically receive rituximab for treatment of earlier
stage disease or the tisagenlecleucel trial populations, as prior treatment with rituximab or an
anti-CD-20 targeting monoclonal antibody were prerequisites for entry into the JULIET and
Schuster 2017 (NCT02030834) studies.4, 7, 8 As such, a MAIC analysis between PIX301 and
JULIET is not considered to be appropriate and has not been conducted for the purposes of
this response.
Eyre 2016
A MAIC has been conducted between Eyre 2016 and the JULIET trial and the results are
presented in the excel spreadsheet embedded below. After matching, it can be seen on the
Kaplan-Meier plots that the OS curve for tisagenlecleucel improves, and a plateau can be
observed from approximately 12 months. The hazard ratio between JULIET and Eyre
remains very similar, from 0.39 (95% CI: 0.27, 0.56) before matching to 0.38 (95% CI: 0.22,
0.65) after matching.

JULIET vs Eyre MAIC



Please provide an additional scenario in the cost-effectiveness analysis for the
extrapolation of OS based on the MAIC analysis. Please report a summary of
goodness of fit data and a graphical comparison of the extrapolation using
parametric and spline models. Please provide an additional Excel spreadsheet for
this scenario for the purposes of validation. Please ensure that this scenario can be
run probabilistically, as with the current decision model setup this is only possible for
the base-case OS and PFS data sources. Please include the bootstrapped samples
of the effectiveness data for this scenario data sources.

Results of an additional scenario in the cost-effectiveness analysis for the extrapolation of
OS based on the MAIC analysis of JULIET versus Eyre 2016 are provided below, with a
summary of goodness of fit data and a graphical comparison of the extrapolation using
parametric and spline models. It should be acknowledged that the base case analysis within
the submission used the mixture cure model approach rather than the standard parametric
models or spline models as this question has requested.
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As this scenario has been fully implemented as an option within the updated economic
model provided alongside this response document where it can be fully validated, a separate
Excel spreadsheet for this response has not been provided.
OS extrapolation
In accordance with the NICE Decision Support Unit (DSU) Technical Support Document
(TSD) 14 guidance on survival analyses, a range of standard parametric distributions
(exponential, Weibull, log-logistic, lognormal, Gompertz, and generalised gamma) and
flexible models (i.e. spline models) were explored for extrapolation of OS based on the MAIC
adjusted JULIET data versus Eyre 2016.9 Extrapolation of OS for the Eyre 2016
observational study was unchanged from the base-case analysis.
In determining the choice of survival model for the base case, consideration was given to the
following, as per the recommendations provided in NICE DSU TSD14:9


AIC and BIC goodness-of-fit statistics



Visual inspection against the observed Kaplan-Meier curves



Clinical plausibility for both short-term and long-term estimates of survival

Table 5 summarises the AIC and BIC values for each survival model, and the extrapolations of
OS using each model up to 10 years are presented in Figure 41.
Table 5: Summary of goodness-of-fit data for tisagenlecleucel overall survival
Distribution

AIC

BIC

Exponential

370.68

373.39

Weibull

368.87

374.29

Gompertz

355.33

360.75

Log-Normal

359.19

364.61

Log-Logistic

363.08

368.50

Generalised gamma

355.35

363.48

Spline with single knot

352.89

361.02

Spline with two knots

353.28

364.11

Spline with three knots

355.20

368.74

Spline with four knots

356.53

372.78

A smaller AIC or BIC value represents a better goodness of fit.
Abbreviations: AIC: Akaike information criterion; BIC: Bayesian information criterion.
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Figure 41: Extrapolations of tisagenlecleucel OS using parametric and spline models

Of these, the spline model with a single knot provides the best statistical fit. However, it is clear
on visual inspection of the various curves in Figure 41 that none of these models provide an
accurate fit to the tail of the observed survival data for tisagenlecleucel, failing to adequately
capture the expected plateau in the OS curve with tisagenlecleucel. Additionally, all curves apart
from the spline models with two, three or four knots and the Gompertz model produce an
unrealistic kink in the PFS curve. The Gompertz model was therefore selected for this scenario
analysis, as it provides a good statistical fit and the best fit on visual inspection. The results of
this scenario are presented in Table 6, with tisagenlecleucel at both list price and with the PAS
applied.
It should be acknowledged that the base case analysis within the submission used the mixture
cure model approach rather than the standard parametric models or spline models as this
question has requested. As such, the results of this scenario are less plausible than those
reported in the base case analysis of the submission, given the mixture cure model approach
was validated to more accurately characterise the OS benefit with tisagenlecleucel in this
indication. Furthermore, the results of the MAIC demonstrate that the adjusted OS curve for
tisagenlecleucel actually improves following adjustment, hence if the mixture cure model
approach had been used in line with the base case analysis, the ICERs would be expected to
reduce. It is therefore not an appropriate comparison to compare the results of this scenario with
the results of the base case analysis, given an entirely different modelling approach was taken in
this scenario compared with the base case, which is less clinically plausible.
Table 6: Survival input scenario – MAIC-adjusted JULIET data for extrapolation of OS
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

xxxxxxx

£47,651

[R-]GDP

xxxxxxx

£47,494

Pixantrone
monotherapy

xxxxxxx

£44,616

Intervention
Base case
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MAIC-adjusted JULIET data for extrapolation of OS
[R-]Gem-Ox

xxxxxxx

£51,406

[R-]GDP

xxxxxxx

£51,279

Pixantrone
monotherapy

xxxxxxx

£49,073

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; OS: overall survival; PAS: Patient Access Scheme;
QALY: quality-adjusted life year.

B3.

Please clarify where the numbers of patients at risk were sourced for Figure 18
(Appendix L, page 177). The numbers at risk do not appear to be reported in Crump
et al (2017).

Figure 18 (Appendix L, page 177) is a reconstructed Kaplan-Meier curve generated from the
combined pseudo-IPD of the SCHOLAR-1 refractory subgroups (refractory to second- or
later-line therapy, and relapsed ≤12 months after autologous SCT). As correctly stated,
numbers of patients at risk at specific timepoints were not available from Crump et al. (2017)
for these subgroups.3 The numbers in Figure 18 (Appendix L, page 177) are therefore
estimates based on the combined pseudo-IPD, generated via digitisation of the KaplanMeier curves in Figure 3B of Crump et al. (2017) and accounting for the total number of
patients at risk at the beginning of the trial (given as events/N in the figure legend).3
B4.

As an alternative approach to the base-case mixture cure model for OS, a scenario
was conducted in which general population mortality was applied to those
tisagenlecleucel patients who were still alive in the model after 24 months, with
survival up to that point determined by extrapolation of the pooled JULIET and
Schuster 2017 (NCT02030834) OS data. This approach was stated to have been
utilised in the ICER approach. However, the ICER approach applied general
population mortality after 60 months. Please provide an additional scenario in the
cost-effectiveness analysis which applies general population mortality after 60
months. Please also report results using both PIX301 survival data and SCHOLAR-1
data. Similarly to the scenario requested in question B2, please ensure that the
model can also be run probabilistically using the alternative survival data (OS and
PFS) for these scenarios.

The 60-month timepoint for applying general population mortality discussed in the ICER
Evidence Report was based on the approach used in NICE Mock Appraisal conducted by
the University of York. This appraisal evaluated the cost-effectiveness of CAR T-cells for the
treatment of paediatric r/r acute lymphoblastic leukaemia (ALL) and the chosen 60-month
timepoint was based on the definition of ‘long-term survivor’ used in a number of published
studies reporting long-term survival data for paediatric ALL patients. Given the distinct
difference in indication, the use of the 60-month timepoint in the ICER report was not
considered a compelling argument for applying the same timepoint in this appraisal.
Additionally, there is some uncertainty in the ICER report regarding the point at which
general mortality was applied. As shown in Table 7 below (adapted from table D5 of the
ICER report), the ICER report states that the model included a “knot at 24 months, then
death only due to all-cause mortality” for extrapolation of overall survival for patients treated
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with axicabtagene ciloleucel. It is therefore unclear whether a 60-month timepoint was used
in the final ICER model.
Table 7: Survival Curve Fit, Shape, and Scale Parameters for the B-cell Lymphoma Final
Model
Outcome
(Distribution
Chosen)

Axicabtagene
Ciloleucel

Overall
Survival (LogNormal)
ProgressionFree Survival
(Log-Normal)

Chemotherapy

No
Antilymphomic
Therapy

AIC

381.3

Shape

2.986

Scale

1.390

Source

Notes

ZUMA-1

Knot at 24
months, then
death only due
to all-cause
mortality
Knot at 11
months, then
proportion
remains constant

375

2.188

1.458

ZUMA-1

Overall
Survival (LogLogistic)

1613

2.180

6.705

SCHOLAR-1

ProgressionFree Survival
(Log-Normal)

N/A

1.751

0.728

Derived
through
assuming a
proportional
relationship
between OS
and PFS for
R-DHAP

Knot at 13
months, then
proportion
remains constant

Overall
Survival
(Gompertz)

16.5

Von
Stackelberg
et al., 2011

Knot at 3 months

2.402

0.273

Knot at 14
months, then
death only due
to all-cause
mortality

Source: ICER Evidence Report – Appendix Table D5.

Due to the limitations of the ICER report, other sources of evidence were considered to
inform the timepoint chosen for this appraisal. A 24-month timepoint was considered more
appropriate for the indication relevant to this appraisal, based on clinician feedback and
evidence from Maurer et al. (2014) which suggests that patients with DLBCL who achieve
disease-free survival for 24 months after receiving first-line therapy have a subsequent OS
similar to that of the age- and sex-matched general population.10, 11 This timepoint was also
consistent with the observed data for the JULIET and Schuster 2017 trials:
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx suggesting that the use of the 24 month timepoint
as an assumed ‘cure’ point would not be unreasonable. Furthermore,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx and
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
For transparency, results of the scenario where general population mortality is applied after
60 months are presented in Table 8; however, in light of the lack of evidence for the use of
this timepoint as explained above, these results should be interpreted with caution. To be
consistent with the approach used in the ICER report, a standard mortality ratio (SMR) of 1
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has been used to adjust general population mortality. Extrapolation of OS with any of the
parametric distributions produced an unrealistic kink in the PFS curve, but for the Gompertz
model, this effect was reduced. As such, the Gompertz model was selected for the scenario
where SMR-adjusted general population mortality is applied after 60 months.
Table 8: Survival input scenario – standard parametric extrapolation with SMR-adjusted
general population mortality after 60 months
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

xxxxxxx

£47,651

[R-]GDP

xxxxxxx

£47,494

Pixantrone
monotherapy

xxxxxxx

£44,616

Intervention
Base case

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality
after 24 months – SMR = 1.00 (tisagenlecleucel)
[R-]Gem-Ox

xxxxxxx

£48,662

[R-]GDP

xxxxxxx

£48,517

Pixantrone
monotherapy

xxxxxxx

£45,918

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality
after 60 months – SMR = 1.00 (tisagenlecleucel)
[R-]Gem-Ox

xxxxxxx

£52,078

[R-]GDP

xxxxxxx

£51,891

Pixantrone
monotherapy

xxxxxxx

£48,695

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALY: quality-adjusted
life year; SMR: standardised mortality rate.

PIX301
For the scenario included in Document B where comparator efficacy was based on the
PIX301 trial, the patient population that was considered of most relevance to this appraisal
was the subgroup of patients with histology confirmed by central review, who had received
prior rituximab and were being treated in the third- or later-line setting (n=30 for pixantrone
monotherapy and n=26 for IC).5 However, only median OS and PFS were reported in the
publication by Pettengell et al. (2016) for this subgroup, so pseudo-IPD generated from the
Kaplan-Meier curves for the overall population (reported in Pettengell et al. [2012]) were
extrapolated using the best-fitting standard parametric or spline model and the resultant
curve was then adjusted (assuming proportional hazards) to produce a survival curve that
passed through the median value reported in Pettengell et al. (2016) for the relevant
subgroup. As such, the extrapolation of OS is associated with considerable uncertainty, so it
was not considered appropriate to conduct an additional scenario with general population
mortality applied after 60 months for tisagenlecleucel where comparator efficacy was based
on PIX301.
SCHOLAR-1
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For the scenario included in Document B where comparator efficacy was based on the
SCHOLAR-1 meta-analysis, the refractory subgroups (i.e. refractory to second- or later-line
therapy and relapsed ≤12 months after autologous SCT) were considered of most relevance
to this appraisal. However, there are several differences between these subgroups and the
patient population of interest in this appraisal, which limits the relevance of the OS data
reported from the analysis; namely, that only refractory patients were included in the metaanalysis, and that a relatively high proportion of patients received subsequent SCT
compared with clinical practice in the UK for patients in the third- and fourth-line setting. As
such, it was not considered appropriate to conduct an additional scenario with general
population mortality applied after 60 months for tisagenlecleucel where comparator efficacy
was based on SCHOLAR-1.
B5.

The company submission (page 85) includes reasons of why patients in the JULIET
trial (8th December 2017 cut-off date) who were assigned tisagenlecleucel may not
receive the cell infusion. Please report for patients in the JULIET trial (8th December
2017 cut-off date) assigned to tisagenlecleucel who do not receive the cell infusion
the proportion/number of patients who did not receive the intervention due to i)
adverse events and ii) cell product. If possible please replicate Table 10-1 (pages 9697) of the CSR dated October 2017 for the Full analysis set from JULIET (8th
December 2017 cut-off date).

Of the xx patients who discontinued prior to infusion (not including patients who died prior to
infusion), the number of patients who did not receive the intervention due to an inability to
manufacture the tisagenlecleucel product or due to experiencing an adverse event were
xxxxxx and xxxxx, respectively. Other reasons included physician decision, patient decision
and protocol deviation. This information is displayed in the Figure 3 of Document B Appendix
D6.3 (CONSORT diagram of patient disposition in the JULIET trial [8th December 2017]).
Table 9: Overall subject disposition at the 8th December 2017 data cut-off (Enrolled set)
All patients
N=165 n (%)

Disposition
Reason
Enrolled in the study

165 (100)

Discontinued prior to CTL019 infusion

xxxxxxxxx

Death

xxxxxxxx

Physician decision

xxxxxxxx

CTL019 product related issues

xxxxxxxx

Adverse event

xxxxxxx

Subject decision

xxxxxxx

Protocol deviation

xxxxxxx

CTL019 infusion pending

xxxxxxx

CTL019 infused

111 (67.3)

Study follow-up ongoing

xxxxxxxxx

Study follow-up completed

x

Discontinued study follow-up

xxxxxxxxx

Death

xxxxxxxxx

Progressive disease

xxxxxxxx
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Subject decision

xxxxxxx

Physician decision

xxxxxxx

Adverse event

xxxxxxx

Enrolled set = All patients who meet all inclusion/exclusion criteria, and whose apheresis product is received and
accepted by the manufacturing facility
Source: JULIET Data on File (8th December 2017)1

Health related Quality of Life
B6.
Priority question: Please present an additional scenario which incorporates an
adjustment for ageing in the model for health utilities.
Adjustment for ageing was originally considered for the cost-effectiveness analysis, but was
not built into the model due to an artefact of the data – the health utilities used in the model
are based on 10-year age bands, and incidentally, the baseline age used in the model (xxxx
years) falls in the final year of one of the age bands. As such, the model population would be
subject to an unrealistic drop in health utility in the second year of the analysis. Age-adjusted
utilities were included in the base-case cost-effectiveness analysis for the ALL indication
given the very young baseline age and the long time-horizon of the model. The same
rationale does not apply to the DLBCL indication, and the decision not to include ageadjusted utilities in the base case is consistent with other NICE appraisals in NHL (e.g.
TA306).
For transparency, the model has been updated to include an additional scenario that
incorporates an adjustment for ageing for health utilities. However, to avoid the unrealistic
drop in health utility in the second year of the analysis we have applied the utility value for
the xxxxx age band to patients in the first year (age xxxx). The option to select this scenario
is included in the ‘Utilities’ sheet and the resulting cost-effectiveness results are presented
below. The results of the scenario have a very limited impact on the ICER, as shown in
Table 10 below.
Table 10: Age-adjusted utilities scenario
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

xxxxxxx

£47,651

[R-]GDP

xxxxxxx

£47,494

Pixantrone
monotherapy

xxxxxxx

£44,616

Intervention
Base case

Scenario: Incorporating age-adjusted utilities
[R-]Gem-Ox

xxxxxxx

£48,932

[R-]GDP

xxxxxxx

£48,767

Pixantrone
monotherapy

xxxxxxx

£45,813

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALY: quality-adjusted
life year
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Resource use and costs
B7.
Priority question: Please confirm which analysis set (e.g. Full Analysis Set or
Efficacy Analysis Set) was used to estimate the proportion of patients who receive
SCT in the model (allogeneic or autologous). If the estimates are based on the Full
Analysis Set, please provide equivalent estimates for the Efficacy Analysis Set
population.
The Full Analysis Set (all patients who received tisagenlecleucel infusion) was used to
estimate the proportion of patients who receive SCT in the model (allogeneic or autologous).
This analysis set was used for OS and PFS data, as well as all other model inputs, so it was
considered appropriate to use this analysis set for the rate of subsequent SCT for
consistency.
The Efficacy Analysis Set comprises xxx patients. All patients who received subsequent SCT
(allogeneic or autologous) were included in the Efficacy Analysis Set. Estimates for the
proportion of patients receiving subsequent allogeneic and autologous SCT are therefore
xxxx% (xxxxx) and xxxx% (xxxxx), respectively.
B8.

Priority question: Please provide further details on the process of administration,
tracking and shipping of apheresis products and the management of severe toxicity.
In response to this question please refer to the recent article by Perica et al and
summarise whether similar processes are likely to be required within the NHS,
highlighting any additional resource/cost implications that have not been formally
quantified (e.g. training costs, additional administration costs associated with
ensuring the chain of custody of the cell product, whether ITU beds may need to be
made available even if not used etc).
Reference: Karlo Perica, Kevin J. Curran, Renier J. Brentjens, Sergio A. Giralt,
Building a CAR Garage: Preparing for the Delivery of Commercial CAR T Products at
Memorial Sloan Kettering Cancer Center, Biology of Blood and Marrow
Transplantation (2018), https://doi.org/10.1016/j.bbmt.2018.02.018).

The shortlist of clinical sites to be commissioned by NHSE for the administration of
tisagenlecleucel has been based on the site service specification and JACIE 6.01 or JACIE 7
accreditation. Previous CAR-T therapy clinical trial experience has also been considered.
Taken together, it is anticipated that the only sites that Novartis will onboard will already
have the facilities, skills and processes in place for the administration of tisagenlecleucel.
From the engagement that Novartis has to date with several sites this is indeed the case.
The only additional requirements will be training on the Novartis ordering system and the
safety training as required by EMA (which will be provided by Novartis). As such, this training
will require attendance from prescribing clinicians, nurses and ICU staff, the cost of which
has not been included within the base case analysis. It is not anticipated that ICU beds will
need to be routinely reserved. Therefore, beyond the training time, there are no further
resource/cost implications anticipated by Novartis that have not been considered.
B9.

Priority question: Please confirm that the payment for tisagenlecleucel is only made
for patients who are successfully infused.
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Yes, it can be confirmed that the payment for tisagenlecleucel is only made for people who
are successfully infused. Invoices will be issued to the treatment centre when they accept
receipt of tisagenlecleucel into the treatment centre.
However, the following abbreviated cancellation, replacement and credit policy will be in
place such that no centre would be charged if the patient was not infused with
tisagenlecleucel for the reasons set out below:
Order Cancellation
If the treatment centre has ordered tisagenlecleucel but has not yet accepted receipt, the
following terms on cancellation apply.
A treatment centre may file a cancellation request for tisagenlecleucel that has been ordered
by it or on its behalf to Novartis prior to receipt of tisagenlecleucel in accordance with the
cancellation process. Novartis will not charge for the cost of a validly cancelled
tisagenlecleucel order.
Product replacement or credit
After receipt of the tisagenlecleucel, the treatment centre can request replacement or a
credit in accordance with the terms as defined below.
If the specific circumstances set forth below render tisagenlecleucel unusable, the treatment
centre may request replacement product or a credit. Novartis will determine, in its sole
discretion, whether replacement product can be provided (if replacement product is
available) or issue a credit; except that in the case of unusable product replacement or credit
requests that result from the deterioration of the patient’s performance status or patient
death.
Novartis, in its sole discretion, will provide replacement tisagenlecleucel (if replacement
product is available) or issue a credit for unusable product under the following
circumstances:
1. Treatment centre human error renders tisagenlecleucel unsuitable for infusion,
provided that the treatment centre has used best efforts to comply with the
Prescribing Information as approved by the applicable regulatory authority and any
other requirements for the handling and administration of tisagenlecleucel.
2. Tisagenlecleucel temperature excursions at the treatment centre, provided that the
treatment centre has used best efforts to comply with the Prescribing Information as
approved by the applicable regulatory authority and any other requirements for the
handling and administration of the product.
3. Tisagenlecleucel damaged during shipment but not recognised until after receipt at
the treatment centre. The treatment centre must also call the Novartis Customer
Service Centre to complete a Product Quality Complaint.
4. Tisagenlecleucel temperature excursion during transportation but not recognised until
after receipt at the treatment centre. The treatment centre must also call the Novartis
Customer Service Centre to complete a Product Quality Complaint.
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5. Product quality issue identified at any point after receipt but prior to infusion. The
treatment centre must also call the Novartis Customer Service Centre to complete a
Product Quality Complaint.
Subject to the credit request process being followed, Novartis will issue a credit for unusable
product under the following circumstances:
6. Tisagenlecleucel has expired before it can be administered to the patient in
accordance with the approved Prescribing Information and any Novartis instructions
for product use. Credit request must be submitted within 30 days of product
expiration. Note, Novartis may, in its sole discretion, reject credit requests where
delays in administering the product are due solely to treatment centre protocols that
differ from the approved Prescribing Information or other Novartis instructions for
product use.
7. After tisagenlecleucel is received by the treatment centre, but before infusion, a
physician determines and certifies that, in his/her independent clinical judgement, the
prescribed patient’s performance status has deteriorated to a point where
tisagenlecleucel can no longer be safely administered to the patient.
8. Patient death prior to infusion.
B10.

Please provide further information concerning process for obtaining the separate
certification and batch release appropriate to the European regulations governing
genetically modified advanced therapy medicinal products.

Tisagenlecleucel can be manufactured either in the EU at the Fraunhofer Institut für
Immunologie und Zelltherapie (Leipzig, Germany) or at the Novartis Morris Plains facility
(New Jersey, USA). It is foreseen that tisagenlecleucel will be produced from either site for
EU patients. For medicinal products imported from third countries, retesting of each batch
within the EEA upon importation would normally be required in compliance with Eudralex
Volume 4 Annex 16 1.5.4. Therefore, in principle testing should be performed in the EU upon
shipping. However, the Morris Plains site will manufacture and test the product in
compliance with EU regulations related to manufacturing facility design, in accordance with
the Eur. Ph. / EU specific requirements where applicable, and in accordance with the EU
marketing authorisation. Certification will be carried out after shipping the product batch to
the EU by the Novartis Qualified Person in Nuremberg (Germany) in accordance with Article
51(1) of Directive 2001/83/EC.
B11.

Please provide additional evidence to support the expected turnaround time for
European patients.

Factors influencing the time between enrolment and tisagenlecleucel infusion were
investigated in the JULIET trial. The main driver of the turnaround time from leukapheresis to
infusion in the JULIET clinical trial was the availability of manufacturing capacity relative to
demand. Early in the study conduct, there were limited manufacturing slots available, but
also fewer sites and consenting patients. As more clinical sites on-boarded many more
patients consented; however, manufacturing capacity had not yet increased and only the
Novartis Morris Plains manufacturing site in the US was actively producing tisagenlecleucel.
This is reflected in the time from leukapheresis to infusion, which peaked in the second
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quartile of the study, as patients who signed consent waited for available manufacturing
capacity. Although capacity at the Morris Plains manufacturing facility steadily increased
between Dec-2015 and Aug-2016, the additional capacity needed to be applied to an
existing queue of patients who had signed informed consent. In August 2016, the EU
manufacturing site (Fraunhofer) started to actively produce tisagenlecleucel, and, albeit to a
moderate extent, supported the overall reduction in the size of the manufacturing queue. By
the end of the study, after several months at high capacity, the total time from leukapheresis
to infusion again declined as the queue was drawn down.
A second driver of the turnaround time was the potential for delays between leukapheresis
and the start of manufacturing. The Novartis manufacturing process for tisagenlecleucel
uses cryopreserved leukapheresis as starting material. The time of leukapheresis collection
can therefore be decoupled from the time of product manufacture for up to 9 months, which
was the shelf life of leukapheresis at the time of JULIET. Furthermore, JULIET accepted
cryopreserved leukapheresis collected outside of the pivotal study protocol under a separate
apheresis protocol or on the physician’s discretion. The use of cryopreserved leukapheresis
allowed patients to be leukapheresed prior to enrolment based on local leukapheresis
availability and the patient’s clinical situation. The measurement of time from leukapheresis
to infusion may be more relevant for CAR-T products manufactured from fresh apheresis,
which cannot be stored for extended periods prior to manufacturing. For the Novartis product
manufactured from cryopreserved cells, the length of time from leukapheresis to infusion in
the JULIET trial included storage time when using previously collected leukapheresis, any
waiting time for manufacturing capacity, and time after manufacture is completed for a
patient to be medically stabilised in case required. Of note, while capacity and
cryopreservation of leukaphareses led to long turnaround times for some patients in the
study, the actual manufacturing time did not change throughout the study, staying consistent
at a median of 30-34 days.
Current capacity in the commercial ‘real-world’ setting is > 4-fold greater than that available
at the peak capacity for the JULIET trial and the time of actual manufacturing has been
further improved. Several incremental changes to the tisagenlecleucel manufacturing
process have been implemented to help standardise the production, and thus directly impact
total manufacturing, QC testing, and release time. Key changes have included decreasing
the time from cell product harvest to release, decreasing the time for batch record review,
decreasing the number and impact of deviations, and streamlining deviation investigations.
Recent data have been published on the throughput time for a total of 37 commercial patient
orders (for B-ALL) that were placed for tisagenlecleucel.12 All 37 orders were processed to
completion, met all specified release criteria, and were successfully supplied with
commercial tisagenlecleucel products (cut-off date, 30th January 2018).12 Median throughput
time for the 37 commercial batches from receipt of leukapheresis material and required
documentation at the manufacturing facility to return of tisagenlecleucel product to treatment
site was 23 days (range, 21–37 days). For the batch with the 37-day throughput time, a
laboratory error in the quality control part of testing and disposition was detected, which
prevented timely release of the manufactured batch.12 Therefore, these published data
correspond to the prespecified manufacturing time of 3–4 weeks in the SmPC and quoted in
the submission.
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Adverse events
B12. Given the uncertainty surrounding the potential duration of IVIG treatment, please
present additional scenario results assuming a duration of 0 months and a lifetime.
The results of a scenario assuming an IVIG duration of 0 months is presented in Table 11.
Feedback from 8 UK clinical experts consulted in response to this question was that a
lifetime duration of IVIG is totally clinically implausible and therefore we have not presented
this scenario here. UK clinical expert feedback was that the duration of IVIG treatment would
typically be 6 months, so the estimate of 11.4 months used in the base case of our
submission is already conservative.
Table 11: IVIG Cost Input Scenarios
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

xxxxxxx

£47,651

[R-]GDP

xxxxxxx

£47,494

Pixantrone
monotherapy

xxxxxxx

£44,616

Intervention
Base case

Scenario: IVIG treatment costs for patients with B-cell Aplasia are applied for a duration of 0
months
[R-]Gem-Ox

xxxxxxx

£47,013

[R-]GDP

xxxxxxx

£46,857

Pixantrone
monotherapy

xxxxxxx

£43,979

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: IVIG: intravenous immunoglobulin; ICER: incremental cost-effectiveness ratio; PAS: Patient
Access Scheme; QALY: quality-adjusted life year

B13.

Please report additional descriptive statistics on the duration of ICU stay due to
cytokine release syndrome (CRS) e.g. median (IQR and range), mean (SD, SE).

The duration of Intensive care unit (ICU) stay, and accompanying descriptive statistics, for
the treatment of CRS in JULIET (8th December data cut off) is presented below.
Table 12: Duration of ICU stay due to CRS in JULIET
Duration of ICU stay due to CRS (days)
n
Mean (SD)
Median
Min – Max

JULIET (N=111)
xx
xxxxxxxxxx
xxx
xxxx

Abbreviations: CRS: cytokine release syndrome; ICU: intensive care unit; SD: standard deviation.
Source: JULIET Data on File (8th December 2017)1
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B14.

Please report the proportion of patients in the JULIET trial (8th December 2017 cutoff date) who were treated for adverse events of any grade with tocilizumab and the
average number of doses of tocilizumab received by these patients.

The proportion of patients in the JULIET trial who were treated with tocilizumab and the
doses administered are reported in Table 13. The average number of tocilizumab doses
administered (xxxx) is calculated in the model based on the JULIET trial data by averaging
the total number of administered doses over the total number of patients receiving
tocilizumab (including one patient who had tocilizumab [single dose] after the data cut-off).
Table 13: Patients treated with tocilizumab
Patients treated with tocilizumab, n (%)

JULIET (N=111)

Total

xxxxxxxxx

Amongst patients with CRS (n=64)

xxxxxxxxx

1 dose

xxxxxxx

2 doses

xxxxxxxxx

3 doses

x

4 doses

x

>4 doses

x

Abbreviations: CRS: cytokine release syndrome
Source: JULIET Data on File (8th December 2017)1

Section C: Textual clarifications and additional points
C1.

Please provide the following references:
 Maude SL, Grupp SA, Pulsipher MA, et al. Analysis of Safety Data from 2
Multicenter Trials of CTL019 in Pediatric and Young Adult Patients with
Relapsed/Refractory (R/R) B-Cell Acute Lymphoblastic Leukemia (B-ALL)
[Abs P517]. European Hematology Association, 2017.

This reference has been provided in the zip folder accompanying this response.


Supplementary Appendix of: Schuster SJ, Svoboda J, Chong EA, et al.
Chimeric Antigen Receptor T Cells in Refractory B-Cell Lymphomas. N Engl J
Med 2017;377:2545-2554.

This reference has been provided in the zip folder accompanying this response.
C2.

On Table 49, the unit cost for administration of IVIG (£173.99) is stated to correspond
to the NHS reference cost HRG code “Deliver Complex Chemotherapy, including
Prolonged Infusional Treatment, at First Attendance SB14Z; Outpatient”. However,
the unit cost value reported on the table does not correspond to the value reported
for this code on NHS reference costs (£269.86). Please clarify?

Thank you for highlighting this. This is an error in the submission only (the correct value is
used in the economic model). The source for the unit cost of administration of IVIG in Table
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49 should instead read: Cost of Deliver Simple Parenteral Chemotherapy at First Attendance
(SB12Z) = £173.99.

C3.

On Table 2 (Excel cost-effectiveness model, AE cost input (UK) sheet) the average
duration of ICU stay is corrected by a factor of 1.08 (26/24). Please clarify the
rationale for this adjustment?

Only grade 3/4 AEs with ≥ 5% rate in any of the treatment arms were considered in the costeffectiveness analysis. In the JULIET trial, xx patients experienced a grade 3/4 CRS event.
However, duration of ICU stay due to CRS was reported for xx patients, and the correction
was included to account for this. The model has now been updated to include a more
consistent assumption – since we are only considering grade 3/4 CRS events in the model
and the CRS event grade that led to ICU admission is not reported in the JULIET trial, we
have assumed that all patients experiencing a grade 3/4 CRS event would be admitted to
ICU, without any extra correction. This is very little effect on the base case ICERs, as shown
in Table 14, and has been updated for the base case analysis.
Table 14: Base case results with and without correction for ICU stay due to CRS
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

xxxxxxx

£47,684

[R-]GDP

xxxxxxx

£47,526

Pixantrone
monotherapy

xxxxxxx

£44,648

[R-]Gem-Ox

xxxxxxx

£47,651

[R-]GDP

xxxxxxx

£47,494

Pixantrone
monotherapy

xxxxxxx

£44,616

Intervention
Original base case

Updated base case

Results versus pixantrone monotherapy are presented from analyses in which [R-]GDP was used as bridging
chemotherapy for tisagenlecleucel patients.
Abbreviations: ICU: intensive care unit; ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme;
QALY: quality-adjusted life year
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Patient organisation submission

Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.
You do not have to answer every question – they are prompts to guide you. The text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1.Your name

Xxxxxxxxxxxx
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2. Name of organisation

Bloodwise

3. Job title or position

Policy Officer

4a. Brief description of the

Bloodwise’s mission is to beat all blood cancers – stopping people from dying, improving the lives of
everyone affected by blood cancer, and where possible preventing people getting blood cancer in the first
place. We do this by funding world leading research, supporting all those affected by blood cancer, and
campaigning for improvements in care and services. We are entirely funded by voluntary donations and
have approximately 100 members of staff and 140 patient ambassadors plus many more volunteers and
supporters.

organisation (including who
funds it). How many members
does it have?

4b. Do you have any direct or

None

indirect links with, or funding
from, the tobacco industry?
5. How did you gather
information about the
experiences of patients and
carers to include in your
submission?

We initially sent an email to our database of patient ambassadors asking them to contact us to share their
experiences of diffuse large B-cell lymphoma (DLBCL) and treatment with tisagenlecleucel-T. We also
consulted our medical advisory panel, an expert group of clinicians, to gain further insight into the
condition and patients’ experiences using this treatment from a clinical perspective. As CAR-T therapy is
so new and the majority of the clinical trials so far have taken place outside the UK, it has been very
difficult to track down patients to assist us with our submission. Our ambassadors contacted other
members of the blood cancer community both within the UK and outside who they thought might be able
to help but this did not lead anywhere.
Fortunately, one of the clinicians we consulted was able to put us in touch with a colleague running a
CAR-T academic trial for treatment of DLBCL in London. The clinician arranged for us to speak to one of
the participants of the trial so we carried out an in depth interview with him covering all aspects of his
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treatment, the outcome and his views on his experiences. We also spoke separately to the
aforementioned clinician.
Our submission is based on these responses (although both the patient and clinician would like to remain
anonymous).
Living with the condition
6. What is it like to live with the
condition? What do carers
experience when caring for
someone with the condition?

DLBCL is the most common type of high grade non-Hodgkin lymphoma. The most common symptoms
are swollen lymph nodes usually in the neck, armpit or groin. If the swollen lymph nodes are deeper
within the body, patients might experience chest or abdominal pain, bone pain, coughing or
breathlessness. Patients might also suffer from B symptoms including high fevers, severe night sweats
and unexplained weight loss.
The patient we spoke to was initially diagnosed with follicular lymphoma following stomach pains which
had continued for several months. His condition quickly metastasised into DLBCL with which he was
diagnosed in April 2016 and he was very unwell. He underwent the conventional initial treatment for this
condition, R-CHOP, a combination of chemotherapy drugs, cyclophosphamide, doxorubicin and
vincristine, steroid, prednisolone and targeted therapy, rituximab,
The treatment was successful after 6 sessions and he went into full remission in December 2016.
However, the cancer returned in April 2017 when he was diagnosed due to a large lump on his tonsil
which affected his breathing and was later found to be a large tumour. The cancer was also discovered
just behind his heart. He was put on the R-DHAP regime, also a combination of chemotherapy drugs,
steroids and rituximab. This treatment failed and the next step was the strongest form of chemotherapy
available to him, the ICE regime. Unfortunately he had a partial response only to this treatment and his
condition deteriorated significantly as the cancer had spread throughout his body by this stage.
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Current treatment of the condition in the NHS
7. What do patients or carers
think of current treatments and
care available on the NHS?

8. Is there an unmet need for
patients with this condition?

The patient who provided evidence for this submission described the harsh side effects he suffered as a
result of multiple courses of chemotherapy. These included sickness, diarrhoea and mucositis, which
caused painful ulcers in his mouth and combined with the sickness made it very difficult for him to eat.
However, the key issue here is not the experience of chemotherapy versus the experience of treatment
with CAR-T therapy as the CAR-T therapy treatment also includes an element of chemotherapy . It is a
matter of survival. This patient was told following the ICE chemotherapy that the cancer was incurable
and was offered the chance to participate in a CAR-T clinical trial for treating DLBCL which has not
responded to salvage treatment as a bridge to allogeneic transplant essentially as a last resort.

Yes. The unmet need here is for treatment that offers patients a better chance of achieving remission
where traditional chemotherapy has failed. Our patient witness describes how the clinical trial and
treatment gave him hope at a time when all his other options had failed. He describes that although the
treatment is intensive, requiring several weeks’ stay in hospital accommodation and a short course of
intensive chemotherapy (therefore not removing the need for chemotherapy entirely) the therapy is over
relatively quickly and if the patient responds well, as he did, improvements are seen very quickly, which
kept him motivated.
The clinician we spoke to, who is leading on the trial, also highlighted that where patients with this
condition do not respond to first line therapy, their options are exceptionally limited. Therefore, although
the CAR-T therapy is not guaranteed to work, it offers these patients another chance so any response is
positive and furthermore, when it does work, the results in trials to date have been “fantastic” with those
patients that respond well achieving full remission and often going on to have transplants.
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Advantages of the technology
9. What do patients or carers
think are the advantages of the
technology?

As stated above, the most significant advantage is that the treatment offers those patients who have failed
to respond to one or more previous therapies another chance. Response rates in trials have been good
and where a response is made, the results have been remarkable. In the case of the patient who fed into
our submission, having relapsed and failed two lines of therapy, the cancer had spread throughout his
body when he started the CAR-T trial. Following treatment, he had a completely clear PET scan and was
able to proceed to transplant. The therapy is innovative and a real step-change in treatment of high grade
non-Hodgkin lymphoma. As also outlined above, the patient feedback we obtained is that the treatment,
although intensive, is over quickly and where a response is achieved, the improvements can be felt very
quickly, unlike with conventional chemotherapy.

Disadvantages of the technology
10. What do patients or carers
think are the disadvantages of
the technology?

The treatment is intensive and requires patients to be admitted or stay in ambulatory care close to the
hospital for the duration of several weeks which can be difficult when patients and carers have other
family responsibilities. A common side effect is the development of neutropenic sepsis following reinsertion of the engineered cells. Our patient witness suffered from this and was very unwell. However,
he was advised from the start that it was likely that he would develop this condition so felt well-prepared
and reassured by his proximity to the hospital as it meant he received the care he needed very quickly.
He also advised that the inconvenience of this period was insignificant when compared with the possibility
that he would respond well to the treatment.
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Patient population
11. Are there any groups of
patients who might benefit
more or less from the
technology than others? If so,
please describe them and
explain why.
Equality
12. Are there any potential
equality issues that should be
taken into account when
considering this condition and
the technology?
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Other issues
13. Are there any other issues
that you would like the
committee to consider?

14. What do patients and
carers think about using the
new technology considering

As stated above, as the treatment is being appraised to treat refractory/relapsed disease, this is
essentially a last resort option and the patient we spoke to was clear that the potential benefit of achieving
a full recovery far outweighed the risk of severe adverse events. He felt that the key thing was being well
prepared for this risk and having the reassurance of close proximity to the hospital.

the risk of severe adverse
events occurring?
15. What to patients and

See section 14 above. Any inconvenience this caused is far outweighed by the potential for the treatment
to work where traditional treatment regimes have failed. Our sources told us that this proximity helped
carers think about the need to
patients deal psychologically with the potential risks of severe adverse reactions to the treatment as they
remain in close proximity to the knew they would receive high quality care quickly if they needed it.
treatment centre for 1 month
following treatment with the
new technology?
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16. What do patients and

See section 15 above.

carers think of the extended
hospitalisation required during
treatment with the new
technology?
Key messages
17. In up to 5 bullet points, please summarise the key messages of your submission:
 CAR-T cell therapy is a step-change in the treatment of high grade non-Hodgkin lymphoma and patients should be given access to
this innovative treatment.


The treatment offers those who have run out of options a final chance at achieving remission and a bridge to transplant.



Treatment is intensive but short in duration and improvements are seen very quickly which helps patients psychologically.

 Those patients who have responded to treatment in clinical trials have had exceptionally good results, with some achieving full
remission as soon as the treatment has finished.

Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
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Patient organisation submission

Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.
You do not have to answer every question – they are prompts to guide you. The text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1.Your name

Xxxxxxxxxxxx
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2. Name of organisation
3. Job title or position
4a. Brief description of the
organisation (including who
funds it). How many members
does it have?

Leukaemia Care
Xxxxxxxxxxxx

Leukaemia Care is a national blood cancer charity, founded in 1969. We are dedicated to ensuring that
anyone affected by blood cancer receives the right information, advice and support.
Approximately 85-90% of our income comes from fundraising activities – such as legacies, community
events, marathons etc.
Leukaemia Care also received funding from a wide range of pharmaceutical companies, but in total those
funds are less than 15% of our annual income. Leukaemia Care has undertaken a voluntary commitment
to adhere to specific policies that regulate our involvement with the pharmaceutical industry set out at:
http://www.leukaemiacare.org.uk/wp-content/uploads/2018/02/CODE-OF-PRACTICE.pdf

4b. Do you have any direct or

N/A

indirect links with, or funding
from, the tobacco industry?
5. How did you gather
information about the
experiences of patients and
carers to include in your
submission?

This submission is informed by a patient experience survey of 111 adults diagnosed with lymphoma
carried out by Leukaemia CARE in 2016. This was part of a wider survey of 2,519 blood cancer patients.
Lymphoma specific breakdowns of the data have been used to inform this submission.
We also gather information through our support services (helpline, support groups, conferences,
communications with our membership) and one to one discussion with patients.
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Living with the condition
6. What is it like to live with the

Diffuse large B-cell lymphoma is the most common type of high-grade (quickly-progressing) non-Hodgkin

condition? What do carers

lymphoma with 6,318 patients being diagnosed in England in 2015. The majority of patients are over the

experience when caring for
someone with the condition?

age of 65 years old, but it can affect people of all ages.
Staging of DLBCL at diagnosis significantly impacts the prognosis for patients and in 2014, well over half
of non-Hodgkin lymphoma patients with known staging data were stage 3 or 4 at diagnosis meaning their
likelihood of achieving remission is lower. One-year and five-year survival rates for DLBCL are 65% and
55%, respectively, with five-year survival reducing to 51.8% and 46.2% for stage 3 and 4 diagnoses.
The main symptom encountered before diagnosis is swollen lymph nodes, in addition to DLBCL location
specific symptoms. Such as abdominal discomfort/pain and diarrhoea if DLBCL is in the stomach or
bowel.
In the Leukaemia Care survey, lymphoma patients reported the following symptoms after diagnosis:
fatigue (61%), sleeping problems (43%), feeling weak or breathless (39%), itchy skin (38%) and swollen
lymph nodes (26%). 56% of patients reported that they were in pain or discomfort as a direct result of their
condition (25% regularly, 31% occasionally).
A diagnosis of DLBCL can come very suddenly, with 26% of NHL cases detected via emergency
presentation, and it is necessary to begin treatment as soon possible. This can come as huge shock to
patients and their families, who experience huge emotional, physical and practical issues. In the survey,
60% of lymphoma patients said they have felt more depressed or anxious since diagnosis (54% more
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often, 6% constantly) and this emotional burden resonates with the family and carers of the patient.
Therefore, any treatment that could improve outcomes for patients will help to relieve both the patient and
their families of the emotional burden associated with a DLBCL diagnosis.
Improvements in quality of life would also be welcomed by patients and their families, who in addition to
emotional impacts face a number of practical issues following diagnosis. Of those in work or education
prior to diagnosis, 23% of lymphoma patients must reduce their hours and 38% stop completely. Carers or
family members may also be required to make adjustments in order to care for the patient or take them to
appointments etc., with 29% of patients reporting that their independence or ability to self-care has been
affected by the diagnosis. As a direct result of their cancer, 45% of lymphoma patients report a negative
impact on their finances (i.e. loss of earnings or increased costs).
Current treatment of the condition in the NHS
7. What do patients or carers

Around one third of patients will relapse after receiving first-line therapy. Patients with relapsed/refractory

think of current treatments and

DLBCL may receive high-dose salvage chemotherapy, followed by stem cell transplant. Unfortunately,

care available on the NHS?

this is an intensive treatment option that many patients (around 75%) are not fit enough to tolerate. For
these patients, chemo-immunotherapy may be option, but it is less likely to achieve remission.
When asked about latest treatment in the Leukaemia Care survey, 49% of lymphoma patients stated that
the side effects had a large impact and 37% were hospitalised as a result. The most common reported
side effects were: fatigue (75%), hair loss (52%), loss of concentration/memory (39%), muscle or joint
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pain (33%), constipation (32%), sleeping problems (32%), neutropenia (31%), nausea or vomiting (31%),
and sore mouth (28%).
8. Is there an unmet need for

With survival rates being poor, there is a significant need for more tolerable and effective treatments for

patients with this condition?

patients, particularly for those who relapse, and fail to respond to respond to, or who are ineligible for,
stem cell transplant.
When asked about potential new treatments, 86% of lymphoma patients said they would be willing to
experience additional side effects for a more effective treatment and 85% stated they would like a greater
choice of treatment options with 60% saying there are currently not enough treatment options.
The three most important features of new treatments to patients are: longer/improved survival (89%),
improved quality of life (76%), and bring about remission or response (73%).

Advantages of the technology
9. What do patients or carers
think are the advantages of the
technology?



Potentially lifesaving option for patients who have exhausted all other treatment options.



Only one infusion is necessary for treatment



Persistence of Tisagenlecleucel-T in the blood and bone marrow could prevent late relapse.



Majority of patients responds within 3 months.
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Disadvantages of the technology
10. What do patients or carers



think are the disadvantages of
the technology?

Side effects include neurological toxicities and cytokine release syndrome (CRS) which can be
severe or life threatening.



Patients may have concerns over the long-term implications of using genomic editing techniques.



Unknown implications in the persistence of Tisagenlecleucel-T and future pregnancies for younger
women treated.

Patient population
11. Are there any groups of

Tisagenlecleucel-T is suitable for all DLBCL patients who have relapsed or refractory disease, many of

patients who might benefit

whom will have exhausted all treatment options. There are no groups that will benefit more or less from

more or less from the

the technology.

technology than others? If so,
please describe them and
explain why.
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Equality
12. Are there any potential
equality issues that should be
taken into account when
considering this condition and
the technology?
Other issues
13. Are there any other issues
that you would like the
committee to consider?

Key messages
14. In up to 5 bullet points, please summarise the key messages of your submission:
 Diffuse large B-cell lymphoma is the most common type of high-grade (quickly-progressing) non-Hodgkin lymphoma with 6,318
patients being diagnosed in England in 2015.
 In 2014, well over half of non-Hodgkin lymphoma patients with known staging data were stage 3 or 4 at diagnosis meaning their
likelihood of achieving remission is lower. 5-year survival rates are 51.8% and 46.2%, respectively, for stage 3 and 4 diagnoses.
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 Approximately 1/3 of patients relapse after receiving first-line treatment. Patients with relapsed/refractory DLBCL may receive highdose salvage chemotherapy, followed by stem cell transplant. Unfortunately, this is an intensive treatment option that many patients
(approximately 75%) are not fit enough to tolerate.
 Tisagenlecleucel-T is a potentially lifesaving option for patients who have exhausted all other treatment options. It could provide
durable remissions, through persistence of tisagenlecleucel-T within the blood. It also offers a welcome improvement in quality of life for
many patients who are otherwise in an end of life setting.

Thank you for your time. Please log in to your NICE Docs account to upload your completed submission.
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Professional organisation submission
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

Xxxxxxxxxxxx, submitting on behalf of:

2. Name of organisation

NCRI-ACP-RCP

Professional organisation submission
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]

1 of 14

3. Job title or position

RCP registrar

4. Are you (please tick all that

an employee or representative of a healthcare professional organisation that represents clinicians?

apply):

a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify): Joint submission from NCRI-ACP-RCP

5a. Brief description of the
organisation (including who
funds it).
5b. Do you have any direct or

The Clinical Studies Groups (CSGs), sit within the NCRI Clinical Research Groups (CRG) Team and
represent a central component of the framework for cancer research in the UK, providing the primary, but not
sole, route through which new ideas for clinical trials are developed. The CSGs are funded by a consortium
of NCRI partners. The Lymphoma CSG members include Lymphoma Haem-oncologists, clinical oncologists,
radiologists, nuclear medicine physicians, histopathologists and consumer representatives.
No

indirect links with, or funding
from, the tobacco industry?
The aim of treatment for this condition
6. What is the main aim of
treatment? (For example, to
stop progression, to improve
mobility, to cure the condition,

Presently the main aim of treatment of relapsed or refractory diffuse large B-cell lymphoma (DLBCL) (and
transformed high grade FL) after 2 or more lines of therapy and who are ineligible for autologous stem cell
transplantation (defined as autologous stem cell transplant failing, or not being eligible or not consenting to
autologous stem cell transplant) is to stop or slow progression. The likelihood of cure of this condition at
this stage of presentation is very low.
However an aspirational treatment aim is cure of this condition.
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or prevent progression or
disability.)
7. What do you consider a
clinically significant treatment
response? (For example, a

A clinically significant treatment response would be a sustained resolution of the tumour so it’s not detectable.
This is defined as a Complete Response (CR) and this would be clinically significant if it is a durable complete
response. Partal responses in DLBCL are rarely sustainable.

reduction in tumour size by
x cm, or a reduction in disease
activity by a certain amount.)
8. In your view, is there an
unmet need for patients and
healthcare professionals in this

Yes. There is an unmet need for patients and healthcare professionals in this condition as palliative
approaches are the present treatment approach.
The outcome of these patients is well described in the SCHOLAR-1 initative (Crump et al. Blood 2018)

condition?
What is the expected place of the technology in current practice?
9. How is the condition
currently treated in the NHS?

There is no standard of care regimen for patients with relapsed or refractory DLBCL after 2 or more
lines of therapy and who are ineligible for autologous stem cell transplantation. The treatment options
include chemotherapy combinations which are given with palliative intent. There are limited treatment
options that provide durable responses, and median life expectancy is measured in months.
Options include:
Pixantrone monotherapy (NICE approved)
Other palliative treatments - considered as ‘treatment of physician’s choice’ include:
Rituximab + gemcitabine + oxaliplatin (R-GEMOX)
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Cyclophosphamide/etoposide/procarbazine/prednisone (CEPP) ± rituximab,
Cyclophosphamide/etoposide/vincristine/prednisone (CEOP) ± rituximab,
Etoposide, prednisone, vincristine, cyclophosphamide and doxorubicin (EPOCH) ± rituximab, or
Gemcitabine, carboplatin and dexamethasone (GCD) ± rituximab.
Gemcitabine + cisplatin + methylprednisolone (GEMP-where gemcitabine has not been used as a
salvage therapy)
Rituximab and bendamustine is used widely in other territories, but is not funded by NHS England
Many patients will have already received salvage chemotherapy with or without rituximab [DHAP
(dexamethasone, cytarabine, cisplatin), GDP (gemcitabine, dexamethasone, cisplatin), ICE (ifosfamide,
carboplatin, etoposide), IVE (ifosfamide, etoposide, epirubicin)] or are considered not fit to tolerate such
intensive regimens.
Another options is Lenalidamide monotherapy (on compassionate access)
Another option would be investigative treatments (in the context of a clinical trial)
Radiotherapy for symptomatic control is also considered.
Very limited numbers of patients that achieve a response to reinduction chemotherapy may undergo
allogeneic transplant consolidation.


Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?

British Society for Haematology Guideline 2016: Guidelines for the management of diffuse large B‐cell
lymphoma. However the details in the guideline for relapsed/refractory DLBCL in this setting (after 2 or more
lines of therapy and who are ineligible for autologous stem cell transplantation) are scant as there are few
effective treatment options.



Is the pathway of care
well defined? Does it
vary or are there
differences of opinion
between professionals

The pathway of care is not well defined as there is no standard of care in this difficult situation. However the
treatment pathway for such patients follows a similar pattern in hospitals around the UK. Patients are
discussed in a multi-disciplinary meeting where the different treatment options are considered. As there is no
standard of care, different chemo-immunotherapy combinations are considered. Discussion regarding prior
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across the NHS? (Please treatment, tolerability of the regimen and fitness of the patient are considered. There is much variation in
state if your experience is practice and different regimens are favoured in different units.
from outside England.)


What impact would the
technology have on the
current pathway of care?

The current pathway of care would be transformed if durable sustained complete responses and prolonged
progression free survival (and documented ’cure’ of DLBCL) are observed in this setting.
Due to the intensity of CAR-T cell therapy, this would require delivery in specialist centres, modifying the
flow of patients away from their district hospital where palliative treatments are delivered.

10. Will the technology be
used (or is it already used) in

The technology would be used in a very different way as CAR-T cell therapy is a more intensive therapy
requiring a different pathway of care (see below).

the same way as current care
in NHS clinical practice?


How does healthcare
resource use differ
between the technology
and current care?

The healthcare resource use for CAR-T cell therapy would be very different and much more intensive (see
below).
Another difference in this therapy compared to comparators (‘physicians choice’ of chemo-immunotherapy)
is the single administration of CAR-T cell therapy as opposed to a course of multiple cycles.
Other differences include the requirement for a pathway for the manufacturing process as well as ensuring
the acute and chronic complications of such therapy are managed appropriately.



In what clinical setting
should the technology be

Only in secondary care with specialist teams which incorporate subspeciality expertise and incorporate
many other components:
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used? (For example,
primary or secondary
care, specialist clinics.)

Lymphoma/Transplant team
Stem cell lab
Apheresis team
Neurology, infectious diseases, ICU, immunology, radiology
Nursing team
Pharmacy

What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

Significant investment in the facilities, pathways and training are required (see below).

11. Do you expect the
technology to provide clinically
meaningful benefits compared
with current care?

Yes there are potentially significant clinically meaningful benefits compared with current care for a subgroup
of patients – those who are fit enough to tolerate such therapy and those who have a durable complete
response to such therapy. Clinical trials for such therapy have included ‘fitter patients’ – those with a
performance score of 0 or 1. Sufficient organ (cardiac, renal, hepatic) function is also required to tolerate the
potential complications. The response rate to CD19 directed CAR-T therapy is high and many of these have
proven to be durable.



Do you expect the
technology to increase
length of life more than
current care?

Yes – there is a potential for significant prolongation of life (and potential cure) in a subgroup of patients –
those who respond (derive a complete response) to such therapy.



Do you expect the
technology to increase
health-related quality of

Yes we expect CAR-T cell therapy to increase health-related quality of life – in those who respond (derive a
complete response) to such therapy. However the potential long term complications of therapy must also be
considered (see below).
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life more than current
care?
12. Are there any groups of
people for whom the
technology would be more or
less effective (or appropriate)
than the general population?

The group of patients for whom efficacy has been described are those who are fit enough to tolerate such
therapy. Clinical trials for such therapy have included ‘fitter patients’ – those with a performance score of 0
or 1. Sufficient organ (cardiac, renal, hepatic) function is also required to tolerate the potential complications.
Another consideration is the kinetics (tempo) of the lymphoma – as there is a time required for the
manufacturing process (engineering of the CAR-T cell therapy) and the disease should be well controlled
during this time period (days/weeks involved to coordinate all steps of the process).

The use of the technology
13. Will the technology be

The technology will be much more challenging to use for patients and healthcare professionals than current

easier or more difficult to use

care and new pathways need to be defined. The delivery of care will only be able to be delivered in specialist

for patients or healthcare

centres. This is because of the manufacturing process as well as ensuring the complications of such therapy

professionals than current

are managed appropriately. Patient safety is paramount.

care? Are there any practical
implications for its use (for
example, any concomitant
treatments needed, additional

Teams need to be competent to manage the potential risks of cytokine release syndrome (CRS) and
neurological toxicities. Patients may need to be admitted to ICU (intensive care unit) and require treatment
with agents such as corticosteroids or cytokine-mediating agents, such as tocilizumab.

clinical requirements, factors

Other potential complications include cytopenias (which include thrombocytopenia and neutropenia and may

affecting patient acceptability

persist for more than 28 days), infections , fatigue, GI upset and hypogammaglobulinemia.
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or ease of use or additional

Ensuring the appropriate supportive facilities exist as well as providing sufficient training of the teams is

tests or monitoring needed.)

paramount.
Monitoring of patients for potential toxicities will also impact on patient experience and may require their
admission to hospital for prolonged periods or proximity for close monitoring.

14. Will any rules (informal or

Yes. A difference in this therapy compared to comparators (‘physicians choice’ of chemo-immunotherapy) is

formal) be used to start or stop

the single administration of CAR-T cell therapy as opposed to a course of multiple cycles.

treatment with the technology?
Do these include any
additional testing?

15. Do you consider that the

However appropriate patient selection for such therapy is paramount. Ensuring the patient is sufficiently fit to
cope with the potential toxicities is an important consideration. In addition the patients’ disease must be under
sufficient control to allow sufficient time for such cellular therapy to be manufactured.
No

use of the technology will
result in any substantial healthrelated benefits that are
unlikely to be included in the
quality-adjusted life year
(QALY) calculation?
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16. Do you consider the

Yes this technology is highly innovative in its potential to make a significant and substantial impact on health-

technology to be innovative in

related benefits.

its potential to make a
significant and substantial
impact on health-related
benefits and how might it
improve the way that current

It will revolutionise the outcome for a subgroup of patients as there is a potential for significant prolongation
of life (and potential cure) in a subgroup of patients – in those who respond (derive a complete response) to
such therapy. It offers a potential curative therapy to a sub-group of patients in whom palliation has previously
been considered the likely outcome.

need is met?


Is the technology a ‘stepchange’ in the
management of the
condition?

This represents a huge ‘step-change’ in the management of patients with relapsed or refractory diffuse large

Does the use of the
technology address any
particular unmet need of
the patient population?

Yes the use of the technology does address an unmet need of the patient population. It offers a potential

17. How do any side effects or

There are novel potential adverse effects of the technology. The acute potential risks of cytokine release

adverse effects of the

syndrome (CRS) and neurological toxicities significantly influence the management of the condition and

technology affect the

require appropriate resources and training. Patients may need to be admitted to ICU (intensive care unit) and

management of the condition

require treatment with agents such as corticosteroids or cytokine-mediating agents, such as tocilizumab.

and the patient’s quality of life?

Other potential complications include cytopenias (which include thrombocytopenia and neutropenia and may



B-cell lymphoma (DLBCL) (and transformed high grade FL) after 2 or more lines of therapy and who are
ineligible for autologous stem cell transplantation.

curative therapy to a sub-group of patients in whom palliation has been considered the likely outcome.
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persist for more than 28 days), infections, fatigue, GI upset and hypogammaglobulinemia. These can impact
on the patient’s quality of life.

Sources of evidence
18. Do the clinical trials on the
technology reflect current UK
clinical practice?

The clinical trial that has been presented at different international meetings differs to current UK clinical
practice as it provides a novel therapy to a sub-group of patients with relapsed or refractory diffuse large Bcell lymphoma (DLBCL) (and transformed high grade FL) after 2 or more lines of therapy and who are
ineligible for autologous stem cell transplantation.
The phase II JULIET clinical trial, a multi-center global registration study in adult patients with R/R DLBCL
has been presented at a number of international meetings (ASH 2017). Patients were recruited from 27 sites
in 10 countries across the US, Canada, Australia, Japan and Europe, including: Austria, France, Germany,
Italy, Norway and the Netherlands. In the JULIET trial, patients were infused in the inpatient and outpatient
setting.
In this Novartis-sponsored study, the technology, Tisagenlecleucel, showed an overall response rate (ORR)
of 50% (95% confidence interval [CI], 38% - 62%), with 32% of patients achieving a complete response (CR)
and 18% achieving a partial response (PR) in 68 patients evaluated for efficacy. The median duration of
response was not reached among these patients, which suggests the responses may be sustained in a subgroup of patients although longer term activity is awaited.
These outcome data do not reflect all patients considered for the trial (n=147) or all those recruited to the trial
(n=124). In some patients their DLBCL progressed, or the cells could not be manufactured, so only a
proportion (n=99) received the product and only a sub-group have had sufficient follow up to be evaluated
for efficacy (n=68).

Professional organisation submission
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]

10 of 14

The numbers above have differed in different presentations as follow up has lengthened and may differ
slightly when updated.

The patients in this clinical trial are representative of a subset of patients with relapsed/refractory DLBCL


If not, how could the
results be extrapolated to
the UK setting?

As noted above the outcome data do not reflect all patients considered for the trial or all those recruited to
the trial. In some patients their DLBCL progressed, or the cells could not be manufactured, so only a
proportion received the product and only a sub-group have had sufficient follow up to be evaluated for
efficacy.
A proportion of patients obtained a complete response and the median duration of response was not
reached a sub-group, which suggests the responses may be sustained (with potential cure) although longer
term activity is awaited.
Outcome data has been compared to those reported in the international SCHOLAR-1 study published in
Blood 2017 (Crump et al).



What, in your view, are
the most important
outcomes, and were they
measured in the trials?

Yes - the important outcomes, Objective Response Rate (ORR), Complete Response (CR) progression
free survival and overall survival were measured. Longer term outcome is awaited.
The incidence of adverse events including cytokine release syndrome (CRS) and neurological toxicities
were also measured. The incidence of longer term adverse effects (cytopenias, infections , fatigue, GI
upset and hypogammaglobulinemia) were also measured.
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If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

The important outcomes including Objective Response Rate (ORR), Complete Response (CR) progression

Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

The incidence of adverse events including cytokine release syndrome (CRS), neurological toxicities,

19. Are you aware of any

free survival and overall survival were measured but longer term outcome is awaited.
Sustained complete response is suggestive of long-term clinical outcomes (potential cure) but longer term
outcome is awaited

cytopenias, infections , fatigue, GI upset and hypogammaglobulinemia were measured in the clinical trial.
Other measures of quality of life and cognition or the incidence of secondary malignancies are awaited.
No

relevant evidence that might
not be found by a systematic
review of the trial evidence?
20. How do data on real-world
experience compare with the
trial data?

The main issues when comparing with real-world experience relate to:
1. What proportion of patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) (and
transformed high grade FL) after 2 or more lines of therapy and who are ineligible for autologous stem
cell transplantation would fit the eligibility criteria ie.performance score of 0 or 1 with sufficient organ
function (cardiac/renal/hepatic) (as outlined in the clinical trial)?
2.

What proportion of patients have disease that doesn’t progress in the timeframe required to prepare
and manufacture the cellular therapy, and be well enough to receive the therapy subsequently?
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Equality
21a. Are there any potential

Age should not be an exclusion criteria but sufficient fitness to tolerate such therapy is important so clarity

equality issues that should be

regarding the assessment of eligible patients is required.

taken into account when
considering this treatment?
21b. Consider whether these

There are a number of different issues. The current therapy is considered to be palliative. Therapy with the

issues are different from issues technology, Tisagenlecleucel, offers the potential of curative therapy to a sub-group of patients who derive
with current care and why.

a durable complete response to therapy. However the management of the novel potential acute and
chronic toxicities of this therapy need to be considered.

Key messages
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23. In up to 5 bullet points, please summarise the key messages of your submission.


Potential of curative therapy to a sub-group of patients who derive a durable complete response to therapy (compared to palliation,
the present treatment approach)



However the management of the novel potential acute and chronic toxicities of this therapy need to be considered.



Revision of patient pathway needs to be devised



Identification of the true proportion of R/R DLBCL patients who will tolerate/receive this novel therapy



Appropriate investment and training required to ensure this potentially effective therapy is delivered safely
Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
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Professional organisation submission
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

Xxxxxxxxxxxx

2. Name of organisation

Royal College of Pathologists and British Society of Haematologists
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3. Job title or position

Consultant Haematologist

4. Are you (please tick all that

an employee or representative of a healthcare professional organisation that represents clinicians?

apply):

a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify):

5a. Brief description of the

Royal College of Pathologists and British Society of Haematologists.

organisation (including who

Funded by members of the organisation.

funds it).
5b. Do you have any direct or

No

indirect links with, or funding
from, the tobacco industry?
The aim of treatment for this condition
6. What is the main aim of

To induce a remission and possibly achieve a cure.

treatment? (For example, to
stop progression, to improve
mobility, to cure the condition,
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or prevent progression or
disability.)
7. What do you consider a

Achieving at least a partial remission

clinically significant treatment
response? (For example, a
reduction in tumour size by
x cm, or a reduction in disease
activity by a certain amount.)
8. In your view, is there an
unmet need for patients and

Yes. Patients with aggressive B cell lymphomas who have progressed after or failed to respond to 2 lines of
chemotherapy do not have any standard treatment options at present.

healthcare professionals in this
condition?
What is the expected place of the technology in current practice?
9. How is the condition
currently treated in the NHS?

Combination chemotherapy with or without a stem cell transplant consolidation or patients may be offered
palliation.



BCSH and NICE guidelines on management of diffuse large B cell lymphoma

Are any clinical
guidelines used in the
treatment of the
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condition, and if so,
which?


Is the pathway of care
There is no established standard of care for this clinical situation.
well defined? Does it
vary or are there
differences of opinion
between professionals
across the NHS? (Please
state if your experience is
from outside England.)



What impact would the
technology have on the
current pathway of care?

10. Will the technology be
used (or is it already used) in

Will offer a new effective treatment option for patients

No. This technology represents a complex cellular immune therapy approach which comes with significant
risk of toxicity and therefore is not suitable to be delivered at all centres.

the same way as current care
in NHS clinical practice?


How does healthcare
resource use differ
between the technology
and current care?

This treatment can only be delivered in selected tertiary level centres which have specialist experience of
delivering complex cellular therapy and have ITU facility and neurological facilities on site. In the UK, this is
likely to be tertiary centres with experience in delivering complex allogeneic stem cell transplants.
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In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

Adult patients with relapsed or refractory (r/r) large B-cell lymphoma after two or more lines of systemic
therapy including diffuse large B-cell lymphoma (DLBCL), high grade B-cell lymphoma and DLBCL arising
from follicular lymphoma.



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

In terms of facilities this treatment can be delivered from selected centres experienced in complex
allogeneic stem cell transplant procedures. As this is new technology, investment will be required to provide
ongoing education and training for centres delivering this treatment especially with a view to recognising
and managing toxicities related to the treatment. Tocilizumab is often used to manage toxicity and will need
to be funded along with this treatment where required.

11. Do you expect the
technology to provide clinically

Yes. The published ORR for this treatment is around 50% with a CR rate of 30 - 40% which represents a
significant advance for this patient population.

meaningful benefits compared
with current care?


Do you expect the
technology to increase
length of life more than
current care?

Yes. Patients achieving a CR seem to have durable responses.



Do you expect the
technology to increase
health-related quality of
life more than current
care?

Yes. Currently, life expectancy is <6 months for this patient population.
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12. Are there any groups of
people for whom the

No. So far the evidence does not suggest that either prior treatment or other disease-specific risk factors
affect the chances of responding to this novel therapy.

technology would be more or
less effective (or appropriate)
than the general population?
The use of the technology
13. Will the technology be

This treatment can only be delivered in a small number of selected centres experienced in complex stem

easier or more difficult to use

cell transplant procedures. As this is new technology, investment will be required to provide ongoing

for patients or healthcare

education and training for centres delivering this treatment especially with a view to recognising and

professionals than current

managing toxicities related to the treatment. There is a 10 – 20% chance of needing admission to ICU after

care? Are there any practical

the cell infusion for management of cytokine release syndrome and specialist neurological input may be

implications for its use (for

required for managing neurotoxicity. Tocilizumab is often used to manage toxicity and will need to be

example, any concomitant

funded along with this treatment where required. Patients will need close follow up after treatment as there

treatments needed, additional

is a risk of long term B-cell depletion and reduced immunoglobulin levels.

clinical requirements, factors
affecting patient acceptability
or ease of use or additional
tests or monitoring needed.)
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14. Will any rules (informal or

Not applicable due to the nature of this treatment. The treatment is delivered as a single infusion of the cell

formal) be used to start or stop

product.

treatment with the technology?
Do these include any
additional testing?
15. Do you consider that the

No.

use of the technology will
result in any substantial healthrelated benefits that are
unlikely to be included in the
quality-adjusted life year
(QALY) calculation?
16. Do you consider the

This is innovative technology which has the promise of transforming the treatment of not only aggressive B

technology to be innovative in

cell lymphomas but also of several other cancers.

its potential to make a
significant and substantial
impact on health-related
benefits and how might it
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improve the way that current
need is met?


Is the technology a ‘stepchange’ in the
management of the
condition?

Definitely.



Does the use of the
technology address any
particular unmet need of
the patient population?

Yes. Patients who are currently not able to receive further chemotherapy or stem cell transplant due to
likelihood of futility are likely to benefit from this approach.

17. How do any side effects or

Toxicity can be significant and needs to be managed appropriately. Grade 3/4 cytokine release syndrome

adverse effects of the

and neuro toxicity can be seen in around 10 - 25% of patients some of which can be fatal.

technology affect the
management of the condition
and the patient’s quality of life?
Sources of evidence
18. Do the clinical trials on the

Yes. Clinical trials have recruited patients who would have run out of treatment options as per UK practice.

technology reflect current UK
clinical practice?
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Ref: Schuster S., et al. Primary Analysis of Juliet: A Global, Pivotal, Phase 2 Trial of CTL019 in Adult
Patients with Relapsed or Refractory Diffuse Large B-Cell Lymphoma. 59th American Society of
Hematology Annual Meeting and Exposition. Abstract #577.


If not, how could the
results be extrapolated to
the UK setting?

NA



What, in your view, are
the most important
outcomes, and were they
measured in the trials?

Response rate and duration of response are encouraging but OS and PFS data awaited from the trial which



If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

Response rate combined with duration of response can be a predictor for PFS in aggressive lymphomas.



Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

No

19. Are you aware of any

should be available with longer follow up.

No

relevant evidence that might
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not be found by a systematic
review of the trial evidence?
20. How do data on real-world

Not available

experience compare with the
trial data?
Equality
21a. Are there any potential

As the treatment is likely to be delivered in a small number of centres, travelling time and access to

equality issues that should be

treatment could be an issue for patients who live further away from these centres.

taken into account when
considering this treatment?
21b. Consider whether these

Not applicable as currently there is no standard of care.

issues are different from issues
with current care and why.
Key messages
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23. In up to 5 bullet points, please summarise the key messages of your submission.


Novel technology representing a step change in the management of aggressive B cell lymphomas.



Fulfils an unmet need by offering a promising and effective treatment for patients who have run out of therapeutic options.



Encouraging results from early phase clinical trials with acceptable toxicity profile.



Due to the complex nature of treatment, can only be delivered in selected large allogeneic stem cell transplant centres.



Will need investment in ongoing education and training for all personnel involved in delivering this treatment.
Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
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NHS England submission for NICE appraisal of tisagenlecleucel for the
treatment of patients with relapsed/refractory diffuse large B cell lymphoma
CHMP recommendation for EMA marketing authorisation
1. Tisagenlecleucel (T-L) is a CD19-directed genetically modified autologous T
cell immunotherapy indicated for the treatment of adult patients with relapsed
or refractory diffuse large B-cell non-Hodgkin lymphoma (DLBCL) after two or
more lines of systemic therapy.
2. There is no mention in the CHMP MA recommendation of patient eligibility or
non-eligibility for stem cell transplantation.
Current care pathway for relapsed/refractory diffuse large B cell lymphoma
(DLBCL)
3. Chemo-immunotherapy remains the cornerstone of 1st line treatment for
patients with DLBCL. If patients are to receive optimal therapy, they have to
be medically fit to receive combination chemotherapy (cyclophosphamide,
vincristine, doxorubicin and prednisolone) given in conjunction with rituximab.
Such patients have a 70-80% chance of remaining free of disease
progression.
4. Patients who relapse do so within the first 2 years after completing treatment
and, if fit for optimal (but toxic) chemo-immunotherapy, have a low chance of
remaining free of disease progression if just treated with conventional doses
of chemotherapy. Patients who respond to 2nd line chemotherapy and who are
sufficiently medically fit enough will usually be offered high dose
chemotherapy and haemopoietic stem cell transplantation (SCT), usually
autologous SCT. Such consolidation of a response to 2nd line chemotherapy
with SCT is considered to be part of 2nd line chemotherapy.
5. If patients are not salvaged by 2nd line chemotherapy with or without SCT, life
expectancy for most patients is short and usually measured in terms of single
numbers of months. This is because many of such patients have a poor
performance status and thus any chemotherapy is given with solely palliative
intent. A minority of patients retain their fitness and thus receive more
intensive chemotherapy. Some gain significant responses to chemotherapy
and thus a small percentage is able to proceed to high dose chemotherapy
and SCT (autologous or allogeneic).
6. Salvage chemotherapy in DLBCL with new agents (eg B cell pathway
inhibitors, checkpoint inhibitors, inotuzumab etc) have been disappointing and
hence for relapsed/refractory DLBCL after 2 lines of chemotherapy, CAR T
cell therapy is the only novel and truly efficacious treatment to potentially
make a big difference to outcomes in relapsed/refractory DLBCL.
7. Small numbers of children and teenagers are also diagnosed with DLBCL and
a few of these will have relapsed/refractory disease after 2nd line therapy.

These patients would benefit from CAR T cell treatment even though their
ages are very likely to be outside the marketing authorisation of T-L.
Potential patient numbers for whom T-L would be indicated
7. The key issue is that in NHS England’s view patients must have either
refractory or relapsed large B cell lymphoma after having received 2 lines of
therapy. This could be after SCT if SCT was part of 2nd line treatment.
8. The relevant issues in determining the potential number of patients eligible to
receive T-L are:
- There are 5130 new patients diagnosed with DLBCL in the UK each year
(data from the NICE IOG 2018 guideline which was derived from the
Haematological Malignancy Research Network [HMRN]). This means
4361 new patients with DLBCL in England each year
- It is important to note that the median age of patients with DLBCL at
diagnosis is 70 years
- In the T-L phase 2 trials, there is bias towards selecting younger patients
for CAR T cell therapies as this reflects the need for patients to be very fit
for a potentially highly toxic treatment and that older patients are excluded
on account of increasingly significant comorbidities
- 20% of patients with DLBCL at diagnosis do not receive any active
treatment. This figure comes from the HMRN for 2007 and is incorporated
in a health economic model developed by the HMRN in conjunction with
York University (Eur J Health Economics 2017; 18: 255-267). This 20%
figure remains valid in view of the opposing trends that are evident:
increasing diagnoses of DLBCL made since 2007, particularly so in the
elderly (ie less likely to receive active treatment) and the ability of greater
numbers of patients to undergo chemotherapy in 2018 that is better
tolerated/supported than in 2007
- 5% of the total patients diagnosed will receive radiotherapy only
- 75% of the total patients diagnosed with DLBCL will receive
chemotherapy, this equating to 3270 patients
- Not all of these 3270 patients will receive optimal 1st line chemotherapy but
2nd line chemotherapy is only likely to proceed in relapsed patients treated
with optimal 1st line chemotherapy
- The HMRN/York economic model indicated that in 2007, 11.2% of all
DLBCL patients proceeded to have 2nd line chemotherapy, 3.2% with
subsequent SCT and 8% without SCT. Most but not all of this 8% in 2007
will have had aggressive 2nd line chemotherapy. Changes in practice since
2007 mean that more patients remain disease-free with 1st line
chemotherapy and also that 2nd line salvage therapy is better tolerated and
supported. Thus it is reasonable to assume similar percentages in 2018 to
those in 2007 ie 3.2% of all DLBCL patients still have 2nd line
chemotherapy plus SCT (142 patients and mainly autologous SCT) and
8% of all patients have 2nd line chemotherapy without SCT (349 patients)
- Of the 142 patients that have 2nd line chemotherapy and SCT (mainly
autologous), approximately one quarter will remain disease-free. This
therefore means that about 100 patients will relapse, often with very

-

-

aggressive disease. Nevertheless, as these patients started 2nd line
treatment as a fit group of patients, it is reasonable to assume that about
30-40 patients will subsequently be eligible for T-L
Of the 349 patients that have and nearly all fail 2nd line chemotherapy, a
large proportion will be unfit for CAR T cell therapy either as a
consequence of disease progression or because they lack the fitness
required for CAR T cell treatment (see the selection criteria employed for
the T-L trials). It is important to note that DLBCL that has progressed after
2 lines of therapy is often rapidly growing and thus can cause a steep and
rapid decline in a patient’s performance status and therefore contraindicate CAR T cell therapy. This therefore makes the likely eligible
number of fit patients with relapsed DLBCL who have not had SCT to be
about a third of those that had such 2nd line chemotherapy – 110-120
patients
In total, NHS England estimates that approximately 140-160 patients with
relapsed/refractory DLBCL will be eligible for T-L per year
The numbers of children and teenagers with relapsed/refractory DLBCL
will almost all be post SCT and the number estimated to be eligible for off
label CAR T cell therapy is 5-10 per year.

Further NHS England comments on T-L for the NICE technology appraisal
The marketing authorisation
9. The key interpretation of the likely marketing authorisation when directed to
clinical practice is whether ‘relapsed and refractory’ applies to the ‘2’ lines of
therapy. NHS England’s interpretation is that patients whether relapsed after
or refractory to 1st line treatment must have failed standard 2nd line therapy ie
if a SCT was planned in the current treatment pathway and patients respond
sufficiently, then those patients should proceed to SCT as currently
commissioned and not to CAR T cell therapy.
10. The other key factor is that patients must be fit to receive T-L. The treatment
has important and potentially severe toxicities and thus patients must be fit for
such treatment. Expert opinion to NHS England is very clear that the fitness
required for consideration of CAR T cell therapy is similar to that required for
consideration of a potential SCT.
The comparator
11. Standard second line therapy would include regimes known as DHAP
(cisplatin, cytarabine and dexamethasone ± rituximab), ESHAP (etoposide,
methylprednisolone, cytarabine and cisplatin ± rituximab), GDP (gemcitabine,
cisplatin and dexamethasone ± rituximab), ICE (ifosfamide,
cisplatin/carboplatin, etoposide ± rituximab) and IVE (ifosfamide, epirubicin,
etoposide ± rituximab).Responding and fit patients would then proceed to
SCT.
12. The comparator for T-L would therefore be what would be used in fit patients
that have failed DHAP/ESHAP/GDP/ICE/IVE ± rituximab or responded to

such 2nd line standard therapy and then relapsed after subsequent SCT. Such
3rd line therapies in these fit patients would be one of the second line
regimens as described above if a response might lead to SCT. In less fit
patients or in patients with a contraindication to a potential SCT, gemcitabine
plus methyl prednisolone ± cisplatin, gemcitabine plus oxaliplatin, the
combination of gemcitabine, cyclophosphamide, vincristine and prednisolone
and (less so) the combination of rituximab, vinblastine and prednisolone are
used with solely palliative intent. There is no 3rd line standard therapy for more
intensive treatment or for less intensive therapy as no single regimen in either
setting is superior to the others. Other options would be clinical trials of novel
therapies and symptomatic therapy.
13. Since only patients of ECOG performance status (0 or 1) would be considered
for CAR T cell therapy, such fit patients in the NHS would normally be offered
further more intensive chemotherapy with the possible outcome of a stem cell
transplant (10-15% of such 3rd line treatment patients in the NHS receive a
SCT). Pixantrone is not a comparator as it is rarely used in NHS clinical
practice on account of its poor efficacy.
14. Novartis in their submission has assumed that patients will be ineligible for
SCT. NHS England considers that all patients commence 3rd line
chemotherapy as then being ineligible for SCT as they then have progressive
disease. Patients only become eligible for SCT if they respond sufficiently
well. In summary, fit patients commence 3rd line intensive regimens and if they
respond, they then proceed to SCT. This is the group against which CAR T
cell therapy should be compared as it is this group that also have the fitness
for CAR T cell therapy. Less fit patients commence less intensive 3rd line
chemotherapy with solely palliative intent as they do not have the fitness for
SCT and thus would also not have the fitness for CAR T cell therapy. If
Novartis wish T-L to be positioned in patients who are not fit for SCT, then
Novartis must state what the contra-indications to SCT might be in patients of
good performance status and then provide evidence of T-L in these patients
from their phase 2 studies.
15. NHS England notes that the NICE scope for this appraisal included the more
intensive chemotherapy regimens (DHAP, GDP, ICE, IVE) in its scope for this
appraisal.
Tisagenlecleucel trials in DLBCL: patients
16. NHS England notes that all the patients in the main JULIET phase 2 study
were of ECOG performance status 0 or 1. The patient population was thus a
fit one. This is important for safety reasons given the very considerable
toxicity of CAR T cell therapy. .
17. NHS England notes that 67% of enrolled patients in JULIET proceeded to
receive treatment with T-L.
18. NHS England considers that the highly selected T-L trial population is
generalizable to the highly selected population of patients in the NHS which

would be treated with T-L as these are fit patients with ECOG performance
status 0 or 1. The only difference in patient characteristics would be the
number of previous lines of therapy. In future NHS practice this would be 2
lines of previous therapy.
T-L trial outcomes
19. The current median duration of follow up in the main (JULIET) T-L trial is only
XX months (n=111) but was 28.6 months in the Schuster phase 2 study
(n=14). The efficacy results even for patients with relapsed/refractory DLBCL
who have failed 2+ lines of therapy are very immature.
20. NHS England notes that progression free survival (PFS) is plateauing (at
about 35%) in the pooled analysis but relapses have still occurred at 11
months. NHS England notes that there are very few patients at risk after 12
months and so regards these PFS results as very encouraging but immature.
21. Overall survival (OS) is also plateauing (at about 38%) but NHS England
notes that deaths have occurred at 19 months. There are very few patients at
risk after 15 months. The OS data is thus also encouraging but very
immature.
T-L toxicity
22. NHS England notes that treatment with T-L is associated with many sideeffects, some of them being life threatening and particularly so in the first
month of treatment. It observes that it is likely that serious toxicity will diminish
as experience with CAR T cell therapy increases but nevertheless recognises
that it has to wrap all the appropriate 24 hour expertise around each patient in
order to maximise safety and optimise outcomes for patients and the NHS. In
the JULIET T-L trial, 89% of patients experienced a grade ≥3 adverse event
and 65% a grade ≥3 serious adverse event.
23. The two most dangerous side-effects of T-L are of cytokine release syndrome
(CRS) and neurotoxicity. Feedback to NHS England from the clinical trial
centres in England who are currently involved in CAR T cell therapy
consistently report how diverse the manifestations of toxicities can be and
how alert patients and staff must be to apparently minor symptoms which can
then escalate quickly if not heeded and acted upon.
24. 22% of T-L patients recorded grade 3 or worse CRS and 42% were admitted
to ITU with a median stay in ITU of 5.5 days. 28 % received tocilizumab. CRS
occurs soon after treatment with T-L. Mild/moderate CRS requires
considerable observation and supportive care but more severe CRS needs
full intensive care plus the administration of tocilizumab and steroids. The
need for training for all staff from the haematological ward to the intensive
care unit is very great as the manifestations of CRS are so diverse and
unexpected.

25. The other major side effect is neurotoxicity which can occur early or late. The
clinical manifestations are diverse with expert neurological input required to
closely monitor progression of symptoms or signs. Grade ≥3 neurotoxicity
takes a substantial time to resolve. Intensive care units must have the facility
for 24 hour electroencephalography.
26. B-cell ablation is a pharmacodynamic measure of successful treatment
with CAR-T cell products directed against leukaemias and lymphomas of Bcell origin. Loss of circulating B-cells and consequent drastic falls in serum
immunoglobulin (Ig) levels, also known as agammaglobulinaemia, is a
predictable on-target off-tumour effect of both CAR-T cell products in current
NICE appraisals – axicabtagene ciloleucel and tisagenlecleucel.
27. The pivotal study on tisagenlecleucel in children and young adults with
refractory acute lymphoblastic leukaemia (Maude et al. New Eng J Med
2018;378:439-48) showed that all patients responding to CAR-T cells
developed B-cell aplasia and most of these 75 patients (exact number not
specified) received IVIg. 81% were in remission at 3 months and the
probability of maintenance of B-cell aplasia at 6 months post CAR-T treatment
was 83%.
28. For T-L it is important to note that the study population in this appraisal
comprised patients with relapsed/refractory B-cell lymphoma. This is a
population where a high proportion of patients will already have low
immunoglobulins due to a combination of their disease and previous
rituximab-based chemotherapy. Again, those patients responding to CAR-T
cells will invariably develop agammaglobulinaemia which may well be
arguably worse because of pre-existing low immunoglobulins.
29. It would be expected that all complete responders (40% with T-L in DLBCL)
and some partial responders (12% in the T-Lin DLBCL) would have low serum
immunoglobulins, this conclusion being based on the mechanism of action of
this product.
30. From the point of view of a clinician looking after these highly
immunosuppressed patients who all undergo conditioning chemotherapy prior
to CAR-T cell treatment, there is bound to be considerable anxiety associated
with merely observing a patient with no circulating B cells and Ig, as opposed
to intervening with prophylactic Ig. Until there is solid longitudinal data on the
infection risks associated with CAR-T cell associated agammaglobulinaemia,
there is bound to be great and clinically justifiable pressure to use prophylactic
Ig.
31. Whilst it is not expected that every patient who receives a B-cell directed
CAR-T cell treatment will require IVIg, it is predicted that the majority of
responders to CAR-T cells will do so (the overall response rate to T-L was
52%). For the purposes of costing IVIg requirements, the company should
provide data on the proportion of patients who developed B-cell aplasia and
low Igs as a consequence of CAR-T cell therapy. A pragmatic estimate that

up to 50% of responders will require IVIg (until B cell aplasia recovers) for a
period of 12-24 months would not be unreasonable.
32. As regards route of delivery, both IVIg and SCIg would be equally efficacious.
Given that CAR-T cell therapy will be limited to major haematology centres, it
is expected that the majority of those patients requiring Ig will be able to
undergo training for home administration. Provision of Ig is difficult and one of
the suppliers of SCIg is no longer providing access to new patients.
33. IVIg and SCIg are costly interventions and thus could have a significant
impact on the mean cost of the supportive care that has to be wrapped
around each patient who responds to T-L.
34. Other significant side-effects are grade 3 or 4 febrile neutropenic infection in
14% of patients (bacterial, viral and fungal).
Indirect comparison of T-L
35. The indirect comparison with Eyre 2016 is inappropriate as 54% in this Eyre
study had a performance status of 2-4 and the median age was 10 years
older than in JULIET. Only 63% of this study had de novo DLBCL. It is
unlikely that many of these patients would have been fit for CAR T cell
therapy. The company’s indirect comparison is flawed.
36. The PIX 301 study is not ideal in providing suitable data as this was a failed
RCT which was closed early after only completing 44% of its planned
recruitment. Only 32% were from USA/Western Europe and perhaps related
to this was that only 55% had received prior rituximab.
37. Any indirect comparison of the T-L trials with SCHOLAR-1 has serious
disadvantages given the heterogeneity of the 4 data sources that informed the
outputs of SCHOLAR-1: a mixture of retrospective and prospective
databases, of audits and clinical trials, of ECOG performance status patients
0-4, of primary refractory patients and of previously received lines of therapy.
Of note is that the SCHOLAR-1 trial OS curve flattening at about 7 years at
about 13-14% of patients. This will be mainly related to the fact that 29% of
SCHOLAR-1 patients received subsequent SCT. This 29% figure is higher
than that recorded in NHS practice as part of 3rd line salvage chemotherapy
(approximately 10-15% SCT rate).
Economic modelling
38. NHS England notes that in its economic model Novartis assumes that T-L
survivors at 2 years revert to the same costs as the PFS state. This is
inappropriate given the longer term morbidity of the chemotherapy that such
patients have received in the past.
39. NHS England notes that the cure fraction in the Novartis model is *** which is
optimistic given the immaturity of the results and some later events still
occurring. In addition, the survival of the comparator population in the model

is too pessimistic as Novartis has compared T-L with the wrong population of
patients with relapsed/refractory DLBCL after 2 lines of chemotherapy. The
correct comparator should be more intensive chemotherapy which in the NHS
has a 10-15 % SCT rate and thus a definite long term survival rate. The
ERG‘s comparator analyses are more realistic in terms of the long term
survival rates. With a 10-15% rate of SCT in this group of patients in England
as part of 3rd line chemotherapy (some autologous but some allogeneic
SCTs), there is likely to be about a 6-8% long term survival rate for patients
embarking on intensive 3rd line therapy (and thus fit for SCT and now for
potential CAR T cell therapy).
40. NHS England would wish to see confirmation that there is inclusion of
leucapheresis costs for all the patients in whom Novartis manufactures T-L
infusions, not just the patients who actually receive the T-L infusions.
41. Novartis appears to have used the adverse event rates of the combination
(and intense) regimen known as DHAP in its economic analysis (as there is
apparently no data on its preferred comparators of gemcitabine-oxaliplatin or
GDP). This is curious in using the adverse event data of DHAP but not the
efficacy data which would include a small but definite SCT rate and thus a
small but definite long term survival rate (see above). In spite of using DHAP
adverse event data, Novartis has assumed a 0% rate of SCT in the
comparator arm in the model.
42. NHS England plans to ensure that patients remain within a 1-2 hours travel
time for the first 4 weeks after CAR T cell treatment. Some patients may be
able to stay with relatives/friends but many will require either hostel or hotel
accommodation. These costs of patients having to remain close to treating
centres need to be included in the economic analysis.
43. Novartis assumes a *** rate of administering IVIg for **** months. This is a
very conservative estimate as higher percentages of patients will have Ig in
clinical practice and given the short follow-up, the duration of treatment with Ig
is likely to be significantly longer (see above).
44. NHS England notes that a **** rate of allogeneic SCT is assumed in patients
who have T-L. The reasons for this are not clear but could include loss of the
CAR T cells and thus a consequent threat of relapse. The contribution of
these SCTs to the rate of long term OS is not known. Since follow-up is so
short in the JULIET study, it is yet unclear as to how many SCTs would be
indicated with longer follow up.
45. NHS England recognises that assessing the hospital costs of introduction of
CAR T cell therapy in this indication is difficult. A sensitivity analysis is
recommended which uses the costs of procedures which bear some similarity
to the infrastructure required for CAR T cell therapy. Clinical advice to NHS
England therefore would suggest that using the inpatient and follow up costs
of an allogeneic SCT for an unrelated donor (plus the separate and extra
costs of ITU stay for T-L as ITU stay is not counted in the allogeneic SCT

tariff) would offer a useful analysis to compare with the company and ERG’s
base case assumptions of the hospital costs of CAR T cell therapy.
NHS England delivering CAR T cell therapy in practice
46. NHS England plans to initially have 4 CAR T cell therapy centres each
treating at a rate of 25 patients per year by the end of the 1st year of
implementation. It plans a 2nd wave of 4 CAR T cell treatment centres to be
treating at a rate of 25 patients/year by the end of the 2nd year of
implementation. This therefore means that NHS England will reach the
currently expected capacity for CAR T cell therapy within 2 years of initial
implementation such that all the expected 140-160 patients per year will be
treated with relapsed/refractory large B cell lymphoma after 2 lines of
systemic therapy. Given that it will take time for each CAR T centre to
increase its capacity from an initial cautious rate and depending on the timing
of any NICE recommendation, 20-40 patients could be treated in 2018/19,
about 100-140 patients treated in 2019/20, and approximately 200
patients/year thereafter (the latter number required if axicabtagene ciloleucel
is recommended by NICE).
47. The interim services specification currently out to stakeholder testing states that
the CAR T cell centres will be JACIE accredited for provision of allogeneic
haemopoietic stem cell transplantation and Immune Effector Cell therapy with
the following requirements for the management of toxicities “On-site critical care
is required. Age appropriate critical care which meets the NHS England service
specification is required. Capability to deliver the critical care needs of all CAR T
patients at all times including those with the most serious side effects (e.g. level
3) is required. Risk management plans and documented evidence of experience
in managing the types of toxicities associated with CAR T will be required e.g.
sustained and frequent experience in the management of multi-organ failure.
CAR T cell centres will need immediate and 24/7 access to a wide range of
support specialists in intensive, renal, respiratory, cardiovascular and
neurological medicine. The ITU must have the availability of immediate and 24
hour electroencephalography monitoring as well as the expertise necessary for
its interpretation. For cardiac support, echocardiography should be immediately
available along with either cardiac monitoring by telemetry starting on the day of
CAR T cell infusion or continuous ECG monitoring and pulse oximetry monitoring
if patients develop grade 1 CRS symptoms. This should be continued until
cytokine-release syndrome (CRS) resolves, in order to detect arrhythmias”.

48. Patients will often be inpatients for 3-7 days during their conditioning
chemotherapy prior to CAR T cell infusion. They will be inpatients for a
minimum of 7 days after CAR T cell infusion during which they will have twice
daily assessments of cytokine release syndrome and 3 times daily testing for
neurotoxicity. Patients will have to remain within a 1-2 hour travelling time of
the CAR T cell centre for 4 weeks after infusion of T-L CAR T cell centres will
have to offer rapid admission pathways of care which offer immediate access
to assessment by experienced and trained staff in managing the diverse
complications of CAR T cell therapy. The provision of ambulatory care
pathways in accordance with NICE Guideline (NG47) Haematological
Cancers: Improving Outcomes

(https://www.nice.org.uk/guidance/NG47/chapter/Recommendations#ambulat
ory-care) will enable centres administering CAR T cells to satisfy these
objectives safely whilst accommodating patient experience.
49. CAR T cell centres will have cell therapy laboratory and pharmacy expertise in
the handling, storage and thawing of advanced therapy medicinal products. In
addition, centres will have considerable expertise in leucapheresis.
50. NHS England plans to institute a national large B cell lymphoma MDT for
patients with relapsed/refractory disease who have failed 2 lines of therapy
and in whom CAR T cell therapy is considered as a potential option. This
national MDT will produce criteria for patient selection and prioritisation, take
referrals from the CAR T cell centres, identify eligible patients for CAR T cell
therapy, liaise closely with the 4-8 regional CAR T cell centres, direct which
patients are to be treated with CAR T cell therapy and the associated timing,
receive regular audits of outcomes from the regional CAR T cell centres and
collate these audits into regular national assessments as to the efficacy and
toxicity of CAR T cell therapy as well ensuring equity of access. Equity of
geographical access from local MDTs will be assured through an equal
allocation of centres per NHS England region and representation on the
national MDT.
51. The 4-8 regional CAR T cell centres will have large B cell lymphoma CAR T
cell MDTs which will be primarily concerned with taking referrals from
specialist lymphoma MDTs in their respective regions, making individual
patient assessments prior to treatment, referring to the national lymphoma
CAR T cell MDT, the initiation of therapy, the management of toxicity and the
provision of regular audits of outcomes. There will be a regular mechanism
through which treating centres can collectively discuss issues and experience
such that there is as much sharing of expertise as possible.
Innovation
52. NHS England regards T-L as highly innovative in terms of its mode of action:
genetic engineering to T cells to recruit an immune response which results in
a ‘living’ treatment against large cell lymphoma. But however clever or neat a
technology may be, it is what a treatment does to meaningful outcomes for
patients which results in NHS England concluding whether a new treatment is
a game changer or not. CAR T cell therapy fulfils this definition of a potential
game changer if it is confirmed that there are very or no few relapses in the
period of 12-24 months after treatment and if there is no substantial long term
toxicity.
Cancer Drugs Fund
53. NHS England regards T-L as a good candidate for the Cancer Drugs Fund as
the PFS and OS results are still not mature. Relapses are still being observed
at 12 months and few patients are at risk beyond 15 months. An extra 12
months of follow-up of T-L patients would significantly reduce this uncertainty

and thus make a potential NICE recommendation for routine commissioning
decision one that ensures value for money for a very costly technology.
NHS England commissioning treatment criteria
54. NHS England would wish to set treatment criteria for T-L therapy which
reflects the known marketing authorisation, the relevant treatment pathways in
England, the evidence base submitted to NICE and considerations to be
made by the NICE technology appraisal committee. In view of the toxicity of
the CAR T cell treatment and the evidence base solely being in fit patients
being treated with T-L, NHS England considers it vital for patient safety that
only patients of good performance status are treated with T-L (ie patients
must have an ECOG performance status of only 0 or 1). These provisional
criteria are set out below.
Tisagenlecleucel as treatment for relapsed/refractory diffuse large B cell
lymphoma after 2 or more lines of systemic therapy
1. I confirm that this application is made by and that treatment with tisagen
lecleucel will be initiated by a consultant haematologist specifically trained and
accredited in the use of systemic anti-cancer therapy with day to day
expertise in the use of allogeneic bone marrow transplantation and who is a
member of the Trust’s large B cell lymphoma CAR T cell multidisciplinary
team
2. I confirm the patient has a confirmed histological diagnosis of diffuse large B
cell lymphoma
3. I confirm that the patient has received at least 2 prior lines of treatment
4. I confirm that the patient has had a standard 2nd line treatment regimen such
as DHAP±R, GDP±R, ICE±R or IVE±R (tick boxes to which)
5. I confirm that the patient has failed to respond to 2nd line treatment or has
relapsed following 2nd line chemotherapy or has relapsed following autologous
stem cell transplantation
6. I confirm that the patient is of ECOG performance status 0 or 1
7. I confirm that the patient does not have any significant comorbidity which
contraindicates CAR T cell therapy with tisagen lecleucel
8. I confirm that the patient has had no previous therapy with any genetically
modified autologous T cell immunotherapy
9. I confirm that approval for the use of tisagen lecleucel has been formally given
by the national adult large B cell lymphoma CAR T cell multidisciplinary team
meeting
10. I confirm that following national approval for use of tisagen lecleucel there has
been local CAR T cell multidisciplinary team agreement that this patient has
the necessary fitness for treatment and fulfils all treatment criteria listed here
11. I confirm that tisagen lecleucel will be otherwise used as set out in its
Summary of Product Characteristics

Prof Peter Clark
NHS England Chemotherapy Clinical Reference Group chair and clinical lead for the
Cancer Drugs Fund
August 2018
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Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Thank you for agreeing to give us your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type. Your response should not be longer than 10 pages.
Information on completing this expert statement




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the
submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1. Your name

Claire Foreman

2. Name of organisation

NHs England
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3. Job title or position
4. Are you (please tick all that
apply):

National Programme of Care Senior Manager – Blood and Infection, Specialised
Commissioning, NHS England
commissioning services for a CCG or NHS England in general?
commissioning services for a CCG or NHS England for the condition for which NICE is considering
this technology?
responsible for quality of service delivery in a CCG (for example, medical director, public health
director, director of nursing)?
an expert in treating the condition for which NICE is considering this technology?
an expert in the clinical evidence base supporting the technology (for example, an investigator in
clinical trials for the technology)?
other (please specify):

Current treatment of the condition in the NHS
5. Are any clinical guidelines
used in the treatment of the
condition, and if so, which?

6. Is the pathway of care well

NICE has published several technology appraisals relating to the treatment of lymphomas of various types.
In addition there is a NICE Guideline relating to the diagnosis and treatment of Non-Hodgkin’s lymphoma
(NHL).
NHS England has published a service specification in relation to the provision of chemotherapy in cancers
and haematopoiec stem cell transplants which follow BSBMT guidelines. Relevant policies and
specifications can be viewed here https://www.england.nhs.uk/commissioning/spec-services/npc-crg/

defined? Does it vary or are

The current pathways of care for the treatment of diffuse large B cell lymphoma (DLBCL) are well defined
and thus there is little variation in them.

there differences of opinion

National algorithms for the treatment of different types of NHL are in preparation.
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between professionals across
the NHS? (Please state if your
experience is from outside

The new pathways of care which would incorporate Tisagenlecleucel-T are as yet not defined as the final
wording of the marketing authorisation will be important in determining the place of Tisagenlecleucel-T in
these treatment pathways, in particular the relevance to patients potentially eligible for high dose
chemotherapy and stem cell transplantation.

England.)
7. What impact would the
technology have on the current
pathway of care?

This technology will have a significant impact on the current pathways of care for DLBCL, and on other
specialities, whose major engagement in the treatment pathway will now be required or will need to
increase as a result of the delivery requirements and side effect profile of the new technology.
Although the allogeneic stem cell transplant pathway will provide an important foundation for the provision
of expertise for the new technology, Tisagenlecleucel-T is significantly different in a number of ways. Unlike
the current pathway, the new technology


Will require substantial workforce and infrastructure changes – there will be new training and
accreditation requirements to meet in terms of all the steps required to bring the new technology to
the bedside and the need to change access arrangements to ITU support (through changes in
planning, potential ‘booking’ of ITU beds and the need for expanded access to ITU facilities despite
existing constraints and seasonal variation in demand).



Is a ‘personalised medicine’ and involves new arrangements for the preparation, procurement,
storage, manufacture and administration of the technology for safety and quality assurance



Adds an additional line of therapy into the treatment pathway



May lead to a change in the lines of treatment for these conditions and the order in which they
should be considered by clinicians for the treatment of their patients (for example, will HSCT be
replaced by successful treatment using Tisagenlecleucel-T?)



Will require the addition of other treatments and expertise to support its use, such as tocilizumab for
complications and the need for rapid access to neurological input to care after treatment.



Is expected to require 15 year safety monitoring as part of regulatory requirements.
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There is a wide range of side effects of the technology, with cytokine release syndrome (CRS), neurological
complications and infections being the most serious. CRS and acute neurological deterioration are rare
conditions in existing care pathways, and as such experience in treating them is currently limited.
Conversely, these complications are expected as parts of the pathway for the new technology, although
incidence and severity is not predicable at an individual patient level before treatment. Published CAR T
data indicates a wide range for the proportion of patients experiencing side effects that require ITU
admission and support, and in real world practice this could be c50% for a median of 8 days (but it could be
higher or lower and is likely to change over time depending on experience, patient selection and use of
supportive drugs such as tocilizumab). The demand and impact on ITU of the CRS and neurological, renal
and respiratory side effects of this technology is in our view subject to considerable uncertainty, particularly
early in any implementation by the NHS. The impact is likely to be best mitigated in the immediate term by
thorough and cautious capacity and treatment planning. This will avoid the risk of multiple CAR T cell
treated patients needing ITU support at the same time. NHS England notes that in the US in centres with
the most experience of CAR-T cell treatments, one patient per provider per month was treated at
implementation, with treatment rates having been increased slowly to one per week per provider over a
period of over 1 year.
The impact on the provision of safe and effective CAR-T cell treatment is also very high for commissioners
both financially and because of the need to ensure capacity for the CAR-T cell service without any adverse
effect on current services. The consequences for the manufacturer of the technology are also significant in
view of the logistics and timeliness in the provision of Tisagenlecleucel-T. .
As the technology is significantly different to current care, it will require a new service specification against
which dedicated providers will be designated and established. Draft specifications for Tisagenlecleucel-T
and another CAR-T product are currently in development and will be available by the time the NICE
Technology Appraisal Committee meets. Given the great service issues that need to be addressed in the
provision of safe and effective treatment with Tisagenlecleucel-T as well as the need for many healthcare
professionals to learn new and necessary procedures and skills, NHS England plans a phased
implementation of CAR-T cell technology, both in the number of treating centres and in initial and
subsequent capacity to treat. NHS England believes that the manufacturer will also seek phased
implementation. In addition, NHS England notes the US experience which has stipulated that patients
remain within c 1 hour travel distance from the treating centre for the first month after receiving CAR T cell
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therapy. NHS England would plan to adopt similar safety stipulations and is aware of the consequence of
this for patients and their families, as well as the need for this to be factored into heath economic analysis
of the technology (unless the manufacturer of Tisagenlecleucel-T pays for this).
It is NHS England’s clear view that a phased implementation and ongoing evaluation of the capacity needs
in the NHS to successfully and safely deliver the treatment will be required from the point of view of
patients, clinicians, hospital services and NHS England as the commissioner. Capacity will also be
sensitive to any changes to new indications for this CAR T treatment, other CAR Ts and research activity.
As has been stated above, NHS England would expect to see the number of commissioned providers
increase over time which will mean that more convenient geographical access for patients will be achieved
over time.
As this new technology requires substantial service change and has significant safety concerns both in the
cell product production, transport and delivery but also the consequences of treatment as outlined above
NHS England’s view is that it is essential that the 90 day implementation rule is not be applied to this
product.
As this product may trigger the new Budget Impact Test, this would provide a clear mechanism for NHS
England to enter into commercial discussions with the company about affordability and the phased
implementation of the new treatment should it receive a positive appraisal recommendation.
The NHS is actively planning for the establishment of capacity in CAR-T treatments, mindful that NICE is
appraising 2 products in immediate succession with at least one closely related indication. It is important
that the NHS establishes the collective clinical capacity for both products particularly where they share
common resource requirements such as critical care, and that the timescales for introduction are managed
across the related NICE appraisals in a co-ordinated way.
The use of the technology
8. To what extent and in which
population(s) is the technology

Currently, this technology is available in a small number of sites through research trials only. The patient
group is in those with haematological cancers, although the research pipeline is such that the indications
for use are expected to expand over time across into other cancers (eg myeloma) and into non-malignant
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being used in your local health

disorders. Such developments may in turn lead to additional or different challenges.

economy?
9. Will the technology be used

The technology is not currently available within the NHS except as part of ongoing trials.

(or is it already used) in the
same way as current care in
NHS clinical practice?

It is anticipated that the technology will be used as a potentially curative intervention for relapsed/refractory
diffuse large B cell lymphoma.
Given the novelty, promise and toxicity of the treatment, it is expected that Tisagenlecleucel-T will make
fundamental differences to the treatment pathways for DLBCL as compared to the current pathway. Until
the wording of the marketing authorisation of Tisagenlecleucel-T is known, its exact place in and the impact
on the CAR-T cell therapy (eg stem cell transplantation in appropriate patients) will need to be clarified.
If the technology receives a positive NICE guidance, it is likely to be used in accordance with its licence in
those patients who are eligible for treatment and who want to undertake the treatment (unless NICE
recommends optimised use of the technology).



How does healthcare
resource use differ
between the technology
and current care?

Please also refer to the response to q7
The main difference in healthcare resource usage is:




specialist pharmacy resource as part of product procurement and quality assurance
significantly increased requirement for intensive care (ITU) beds
increased access to acute neurological expertise and support and also specific supportive drugs
such as tocilizumab to treat potential side effects of treatment such as cytokine release syndrome
and tumour lysis syndrome.

Although the licence is awaited to confirm the particulars, it is expected that patients will either need to be
admitted for the administration of the treatment and for a period thereafter (possibly 4 weeks) or that
ambulatory care after 2 weeks post infusion is a possibility as long as the patient stays within a certain
Commissioning expert statement
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distance of the provider for 4 weeks with access to immediate medical attention. The distance from the
provider is subject to debate.
As this is a one-off treatment requiring new and considerable infrastructure / supportive care compared to
chemotherapy which is well established and given over a number of cycles, determining the actual cost of
treatment will require detailed work and is expected to be considerable. The payment mechanism for the
treatment will therefore need reviewing if a positive NICE guidance is published. Assessing the hospital
costs of introduction of CAR T cell therapy in this indication is difficult as there are a range of local
currencies and prices for allogeneic transplant in England. NHS England considers the need to start with
the costs of procedures which bear some similarity to the infrastructure required for CAR T cell therapy.


In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

Tertiary / cancer centres that provide allogeneic stem cell transplants and have ready access to specialist
pharmacy services, ITU and neurosurgery. The service will need to be JACIE accredited for Immune
Effector Cell Therapy and meet the requirements of the pharmaceutical company with respect to handling
the product in accordance with the medicines regulations. It is unclear the exact requirements of the
supplier with regard to quality assurance and contracting with provider sites, as there is a complex process
and supply chain associated with the therapy.
NHS England is drafting a new service specification to outline the requirements which will be specific to
each CAR-T therapy.



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

As above.
Staff on site will need to be trained on the handling and provision of the product and we understand this will
be provided by the company as part regulatory requirements. Specialist equipment may also be required.
This will include training for pharmacy staff who will be required to handle and store the final product before
administration to the patient, in accordance with the regulation of medicines.
Since the final product will be delivered frozen in vapour phase nitrogen and therefore special equipment
may be required for storage while the patient undergoes conditioning.
EEG and emergency neurology to monitor adverse events may also be required. Ways of managing the
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increased demand for ITU will be required.


If there are any rules
(informal or formal) for
starting and stopping
treatment with the
technology, does this
include any additional
testing?

CAR-T is a one-off treatment. Starting criteria will depend on any marketing authorisation (MA) received
and any conditions put upon access by NICE Guidance and NHS England. Clinically, it is proposed that a
National MDT structure may be needed to be put in place while capacity is being established to ensure
appropriate patient selection for new CAR T treatments. NHS England will put this in place.
Patients will need to undergo a conditioning regimen and this does pose additional complexities with timing
of treatment and access to the final product which is shipped in from US and Europe.
The supplier will, as part of their risk management plan, need to ensure contracts are in place with NHS
provider sites. Test runs are performed before live product is used to ensure the supply chain works
effectively.
Re scheduling of patient selection, manufacture and treatment, we understand there will also need to be a
window of +20 days between treatment of patient 1 and 2 for the purposes of providing a buffer to manage
issues and risks.

10. What is the outcome of any No audits have been undertaken. Trial data is available based on 8 month follow up.
evaluations or audits of the use
of the technology?
Equality
11a. Are there any potential
equality issues that should be
taken into account when
considering this treatment?

Due to the novelty of the treatment and the logistics involved, all key stakeholders have indicated the need
for a phased implementation if approved. This is likely to mean that geographical access at the start will be
worse than current access to chemotherapy / HSCT. It is expected that this would be redressed over time
as experience and capacity improves and more accredited providers can be supported to offer the
treatment. However, it is not anticipated that all allogeneic transplant providers would be commissioned to
deliver this treatment.
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11b. Consider whether these

These issues are different to the current pathway due to the novelty of the treatment, the complexity /

issues are different from issues toxicity profile, the interdependence on other services, capacity in the supply chain and the experience of
with current care and why.

the system in delivering the treatment.

Topic-specific questions
12a. What accreditation is
likely to be required for
healthcare professionals
involved in the administration
of CAR-T therapy?
12b. How many healthcare
professionals are likely to
require this?

Each allogeneic stem cell programme which is accredited against the FACT-JACIE International Standards
for Haematopoietic Cellular Therapy Product Collection, Processing, and Administration, will also need to
be accredited against the new Immune Effector Cell Therapy standards.
Each NHS provider will also to meet the requirements of the pharmaceutical company with respect to
handling the product in accordance with the medicines regulations. It is unclear the exact requirements of
the supplier with regard to quality assurance and contracting with provider sites, as there is a complex
process and supply chain associated with the therapy.
NHS England is drafting a new service specification to outline the requirements which will be specific to
each CAR-T therapy. Contracted NHS providers will need to meet this.
We expect that the accreditation requirements to apply to all the members of the team involved in the
manufacture and storage of CAR T and the clinical delivery and management of patients that receive it.

13. Would specialists providing

Yes

care to patients who
experience AEs after infusion
with tisagenlecleucel-T also
require specific training on
Commissioning expert statement
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CAR-T therapy?
14a. It is likely that a phased

Clinical experts estimate that the number of patients who would be eligible for the treatment at

implementation will be required recommendation would exceed the NHS’s capacity to deliver that treatment. CAR T is likely to represent
to introduce CAR-T therapy
into the NHS clinical practice.
Who would prioritise patients
to receive tisagenlecleucel-T

their final treatment option.
Clinical advice suggests a national MDT would be required to prioritise patients most able to benefit as the
first providers open to patient treatment.

therapy during a phased

It will be important that any recommendation conveys the requirement for phased ramp up in the first

implementation?

instance to manage patient expectations.

14b. What criteria would be

Proposed provisional criteria are set out below:

used to prioritise patients for
tisagenlecleucel-T treatment?

1. I confirm that this application is made by and that treatment with Tisagenlecleucel-T will be initiated by a
consultant haematologist specifically trained and accredited in the use of systemic anti-cancer therapy with
day to day expertise in the use of allogeneic bone marrow transplantation and who is a member of the Trust’s
large B cell lymphoma CAR T cell multidisciplinary team

2. I confirm the patient has a confirmed histological diagnosis of diffuse large B cell lymphoma
3. I confirm that the patient has received at least 2 prior lines of treatment
4. I confirm that the patient has had a standard 2nd line treatment regimen such as DHAP±R, GDP±R, ICE±R or
IVE±R (tick boxes to which)
5. I confirm that the patient has failed to respond to 2nd line treatment or has a biopsy-proven relapse within 12
months of receiving autologous stem cell transplantation
6. I confirm that the patient is of ECOG performance status 0 or 1
7. I confirm that the patient does not have any significant comorbidity which contraindicates CAR T cell therapy
Commissioning expert statement
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with Tisagenlecleucel-T
8. I confirm that the patient has had no previous therapy with any genetically modified autologous T cell
immunotherapy
9. I confirm that approval for the use of Tisagenlecleucel-T has been formally given by the national adult large
B cell lymphoma CAR T cell multidisciplinary team meeting
10. I confirm that following national approval for use of Tisagenlecleucel-T there has been local CAR T cell
multidisciplinary team agreement that this patient has the necessary fitness for treatment and fulfils all
treatment criteria listed here

11. I confirm that Tisagenlecleucel-T will be otherwise used as set out in its Summary of Product Characteristics
12. I confirm that the patient has received information about the risks and benefits of the treatment.
15. Given the novelty of the

Patients will be monitored by the treating CAR T cell team. This is important for continuity of care and long

treatment and limited

term monitoring of outcomes including toxicity. Follow-up monitoring is anticipated to be outpatient based

information around follow up,

and focused on scans, blood tests and where required treatment with drugs such as IVIG.

how would patients who
received tisagenlecleucel-T be
monitored and new knowledge
shared between specialist
centres to improve overall
patient care?
16a. How long would patients

NHS England plans to ensure that patients remain within c.1 hour travel time for the first 4 weeks after CAR

be expected to stay in close

T cell treatment. Although the licence is awaited to confirm the particulars, it is expected that patients will
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proximity to the treatment

either need to be admitted for the administration of the treatment and for a period thereafter (possibly 4

centre following CAR-T

weeks) or that ambulatory care after about 2 weeks post infusion is a possibility. The patient needs to

treatment?

remain within a certain distance of the provider for 4 weeks with access to immediate medical attention.
The distance from the provider is subject to debate.

16b. Where would a patient
stay for aftercare if their home
is not located close to the
treatment centre?

Some patients may be able to stay with relatives/friends but many will require either hostel or hotel
accommodation. These costs of patients having to remain close to treating centres need to be included in
the economic analysis.

16c. What provisions would be
made for family and carers

See above

during this period?
17a. In clinical trials CAR-T

All CAR T cell centres will be JACIE-accredited both in terms of Immune Effector Cell standards and for the

therapy has been associated

delivery of allogeneic stem cell transplantation. On-site critical care is required. Capability to deliver the

with serious adverse events

critical care needs of all CAR T patients at all times including those with the most serious side effects (e.g.

requiring some patients to be

level 3) is required. Risk management plans and documented evidence of experience in managing the

admitted to ICU. Would an ICU

types of toxicities associated with CAR T will be required e.g. sustained and frequent experience in the

bed need to be available for a

management of multi-organ failure. CAR T cell centres will need immediate and 24/7 access to a wide

patient before they were able

range of support specialists in intensive, renal, respiratory, cardiovascular and neurological medicine. The

to start their infusion?

ITU must have the availability of immediate and 24 hour electroencephalography monitoring as well as the
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17b. What provisions are being expertise necessary for its interpretation.
made to ensure there is no
consequence to other services
and their patients?

Patients will often be inpatients for 3-7 days during their conditioning chemotherapy prior to CAR T cell
infusion. They will be inpatients for a minimum of 7 days after CAR T cell infusion during which they will
have twice daily assessments of cytokine release syndrome and 3 times daily testing for neurotoxicity.
Patients will have to remain within a 1 hour travelling time of the CAR T cell centre for 4 weeks after
infusion of axi-cel. CAR T cell centres will have to offer rapid admission pathways of care which offer
immediate access to assessment by experienced and trained staff in managing the diverse complications
of CAR T cell therapy
There will be very considerable liaison between CAR T cell teams and ITUs as to the timing of treatment. It
must be remembered that chemotherapy starts 5 days before CAR T cell infusion and so this planning in
advance is very important.
NHS Trusts will not be able to give an absolute guarantee of ITU bed availability for any future CAR T cell
severe toxicity but recognise the need for CAR T cell patients to only be managed at designated CAR T cell
centres whereas this rule will not apply to many other would be ITU patients.

18a. What additional storage

CAR T cell centres will have cell therapy laboratory and pharmacy expertise in the handling, storage and

equipment and space would be thawing of advanced therapy medicinal products. In addition, centres will have considerable expertise in
required for centres to

leukapheresis. A first wave of providers is being inspected by JACIE over the summer and the inspection

administer CAR-T therapy in

will assess providers with regard to storage and space. It is as yet unclear whether extra dedicated
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the NHS?

equipment will be required for storage, temperature monitoring, thawing, or personal protection, or whether
additional space will be required. Therefore, at this time NHS England is unable to comment with certainty

18b. Would specialist centres

as to whether there will be a specific need for extra equipment or space as described.

need to purchase additional
thawing equipment to use in
the administration of CAR-T
therapy?
Thank you for your time.
Please log in to your NICE Docs account to upload your completed statement, declaration of interest form and consent form.
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Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Thank you for agreeing to give us your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this expert statement




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the
submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

Dr S Chaganti

2. Name of organisation

Royal College of Pathologists and Bristish Society of Haematologists

Clinical expert statement
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
1 of 6

3. Job title or position

Consultant Haematologist

4. Are you (please tick all that

an employee or representative of a healthcare professional organisation that represents clinicians?

apply):

a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify):

5. Do you wish to agree with

yes, I agree with it

your nominating organisation’s

no, I disagree with it

submission? (We would

I agree with some of it, but disagree with some of it

encourage you to complete

other (they didn‘t submit one, I don’t know if they submitted one etc.)

this form even if you agree with
your nominating organisation’s
submission)
6. If you wrote the organisation

yes

submission and/ or do not
have anything to add, tick
here. (If you tick this box, the
rest of this form will be deleted
after submission.)

Clinical expert statement
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
2 of 6

Topic-specific questions
24a. Do salvage regimes

Response rates vary depending on when the regimen is used; eg, duration of previous remission, line of

GEM-ox and GDP, GEMP-P

treatment, etc but efficacy of GDP and GEMP seems similar in terms of response rates. Gem-Ox is more

RGCVP and RVP have equal

often used in the non-curative setting and RGCVP is usually usef in 1st line treatment for patients

efficacy?

considered not suitable for RCHOP.

24b. Are these regimes
distributed equally to patients
with R/R DLBCL in clinical
practice in the NHS?
24c. Would all of these
treatments be given with

When used as 1st line salvage (2nd line treatment) GDP and GEMP are often used as salvage for patients
considered suitable to proceed to a transplant consolidation whereas Gem-Ox is usually used for patients
considered not eligible for a transplant.

palliative intent in later lines of

Largely yes. GDP and GEMP are sometimes used in 2nd line salvage (3rd line treatment) for patients being

therapy?

treated with a curative intent though response rates are poor.

25. Is the comparator

Very few centres use pixantrone in this setting even though it is NICE approved treatment as clinical

pixantrone used in clinical

experience with this drug is disappointing.

practice in the NHS?
26a. Treatment with CAR-T

Complications that may mandate prolonged hospital admission (CRS or neurotoxicity of grade 3 and

therapy is likely to necessitate

above) are likely to occur is about 10-20% of treated patients. In most centres delivering this treatment,
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prolonged stays in hospital.

such patients are likely to be managed on the BMT unit or on the intensive care unit under guidance of the

Who is likely to manage these

BMT, ICU and Neurology team.

patients during their time in
hospital?
26b. Would patients receiving

They will need monitoring on the lines of a patient receiving a complex allogeneic stem cell transplant.

CAR-T cell therapy require
additional monitoring to what is
currently provided to
inpatients?
27a. Common side effects of

Centres experienced in dealing with complex allogeneic stem cell transplants from alternative donors and

CAR-T therapy are cytokine

those with experience in delivering bite antibody infusions (blinatumomab for ALL) should have familiarity

release syndrome (CRS) and

in dealing with these situations.

neurotoxicity. Are these events
commonly seen in patients in
current clinical practice?
27b. What additional treatment

Tocilizumab is indicated for the management of CRS / neurotoxicity of grade 2 and above.

or care (if any) would be given
to patients suffering from these
adverse events compared to
Clinical expert statement
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what is provided currently to
patients in high dependent
units?
27c.Would current clinical staff
require additional training and

Additional training for all clinical staff at treatment centres must be provided as the CRS and neurotoxicity

support to manage patients

management protocol for CAR-T cell treatment has some important differences from other situations.

who experience these adverse
events?
28. Would all AEs (any Grade)

AEs of grade 2 and above need close monitoring and treatment, often in a high-dependency/ ICU setting.

of B-cell aplasia and CRS
require treatment?
29. What is the overlap of the

To a large extent there will be an overlap in terms of fitness criteria, though potentially CAR-T cell therapy

fitness criteria for CAR-T

can be delivered patients over the age of 70 years who may not be considered suitable for high dose

treatment and ASCT in people

chemotherapy and transplant.

with DLBCL?
30. What would be the

Based on current available date, patients achieving a CR (about 40 – 50% of treated patients) seem to

expected relapse rate for

have a durable remission with a low risk of relapse.
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patients in remission between
2-5 years after treatment?
Key messages
31. In up to 5 bullet points, please summarise the key messages of your statement.





Thank you for your time.
Please log in to your NICE Docs account to upload your completed statement, declaration of interest form and consent form.
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Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

Dr Kate Cwynarski

2. Name of organisation

NCRI Lymphoma Clinical Studies Group
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3. Job title or position
4. Are you (please tick all that
apply):

Consultant Haematologist UCLH, London
Y

an employee or representative of a healthcare professional organisation that represents clinicians?

Y

a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify):

5a. Brief description of the
organisation (including who
funds it).

I have provided an expert opinion on behalf of the the Clinical Studies Groups (CSGs), which sits within the
NCRI Clinical Research Groups (CRG) Team and represents a central component of the framework for
cancer research in the UK, providing the primary, but not sole, route through which new ideas for clinical
trials are developed. The CSGs are funded by a consortium of NCRI partners. The Lymphoma CSG members
include Lymphoma Haem-oncologists, clinical oncologists, radiologists, nuclear medicine physicians,
histopathologists and consumer representatives.
This report was reviewed by other clinical experts (Professor xxxxxxxxx and Dr xxxxxxxx) with extensive
experience in managing patients with DLBCL. I also submit this report as a Lymphoma specialist working at
UCLH where we manage a large cohort of patients with DLBCL.

5b. Do you have any direct or

No

indirect links with, or funding
from, the tobacco industry?
The aim of treatment for this condition
6. What is the main aim of
treatment? (For example, to

Presently the main aim of treatment of relapsed or refractory diffuse large B-cell lymphoma (DLBCL) (and
transformed high grade FL) after 2 or more lines of therapy and who are ineligible for autologous stem cell
transplantation (defined as autologous stem cell transplant failing, or not being eligible or not consenting to
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stop progression, to improve
mobility, to cure the condition,
or prevent progression or

autologous stem cell transplant) is to stop or slow progression. The likelihood of cure of this condition at
this stage of presentation is very low.
However an aspirational treatment aim is cure of this condition.

disability.)
7. What do you consider a
clinically significant treatment
response? (For example, a

A clinically significant treatment response would be a sustained resolution of the tumour so it’s not detectable.
This is defined as a Complete Response (CR) and this would be clinically significant if it is a durable complete
response. Partial responses in DLBCL are rarely sustainable.

reduction in tumour size by
x cm, or a reduction in disease
activity by a certain amount.)
8. In your view, is there an
unmet need for patients and
healthcare professionals in this

Yes. There is an unmet need for patients and healthcare professionals in this condition as palliative
approaches are the present treatment approach.
The outcome of these patients is well described in the SCHOLAR-1 initative (Crump et al. Blood 2018)

condition?
What is the expected place of the technology in current practice?
9. How is the condition
currently treated in the NHS?

There is no standard of care regimen for patients with relapsed or refractory DLBCL after 2 or more
lines of therapy and who are ineligible for autologous stem cell transplantation. The treatment options
include chemotherapy combinations which are given with palliative intent. There are limited treatment
options that provide durable responses, and median life expectancy is measured in months.
Options include:

Professional organisation submission
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]

3 of 14

Pixantrone monotherapy (NICE approved)
Other palliative treatments - considered as ‘treatment of physician’s choice’ include:
Rituximab + gemcitabine + oxaliplatin (R-GEMOX)
Cyclophosphamide/etoposide/procarbazine/prednisone (CEPP) ± rituximab,
Cyclophosphamide/etoposide/vincristine/prednisone (CEOP) ± rituximab,
Etoposide, prednisone, vincristine, cyclophosphamide and doxorubicin (EPOCH) ± rituximab, or
Gemcitabine, carboplatin and dexamethasone (GCD) ± rituximab.
Gemcitabine + cisplatin + methylprednisolone (GEMP-where gemcitabine has not been used as a
salvage therapy)
Rituximab and bendamustine is used widely in other territories, but is not funded by NHS England
Many patients will have already received salvage chemotherapy with or without rituximab [DHAP
(dexamethasone, cytarabine, cisplatin), GDP (gemcitabine, dexamethasone, cisplatin), ICE (ifosfamide,
carboplatin, etoposide), IVE (ifosfamide, etoposide, epirubicin)] or are considered not fit to tolerate such
intensive regimens.
Another options is Lenalidamide monotherapy (on compassionate access)
Another option would be investigative treatments (in the context of a clinical trial)
Radiotherapy for symptomatic control is also considered.
Very limited numbers of patients that achieve a response to reinduction chemotherapy may undergo
allogeneic transplant consolidation.


Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?

British Society for Haematology Guideline 2016: Guidelines for the management of diffuse large B‐cell
lymphoma. However the details in the guideline for relapsed/refractory DLBCL in this setting (after 2 or more
lines of therapy and who are ineligible for autologous stem cell transplantation) are scant as there are few
effective treatment options.



Is the pathway of care
well defined? Does it
vary or are there

The pathway of care is not well defined as there is no standard of care in this difficult situation. However the
treatment pathway for such patients follows a similar pattern in hospitals around the UK. Patients are
discussed in a multi-disciplinary meeting where the different treatment options are considered. As there is no
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standard of care, different chemo-immunotherapy combinations are considered. Discussion regarding prior
differences of opinion
treatment, tolerability of the regimen and fitness of the patient are considered. There is much variation in
between professionals
across the NHS? (Please practice and different regimens are favoured in different units.
state if your experience is
from outside England.)


What impact would the
technology have on the
current pathway of care?

The current pathway of care would be transformed if durable sustained complete responses and prolonged
progression free survival (and documented ’cure’ of DLBCL) are observed in this setting.
Due to the intensity of CAR-T cell therapy, this would require delivery in specialist centres, modifying the
flow of patients away from their district hospital where palliative treatments are delivered.

10. Will the technology be
used (or is it already used) in

The technology would be used in a very different way as CAR-T cell therapy is a more intensive therapy
requiring a different pathway of care (see below).

the same way as current care
in NHS clinical practice?


How does healthcare
resource use differ
between the technology
and current care?

The healthcare resource use for CAR-T cell therapy would be very different and much more intensive (see
below).
Another difference in this therapy compared to comparators (‘physicians choice’ of chemo-immunotherapy)
is the single administration of CAR-T cell therapy as opposed to a course of multiple cycles.
Other differences include the requirement for a pathway for the manufacturing process as well as ensuring
the acute and chronic complications of such therapy are managed appropriately.
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In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

Only in secondary care with specialist teams which incorporate subspeciality expertise and incorporate
many other components:
Lymphoma/Transplant team
Stem cell lab
Apheresis team
Neurology, infectious diseases, ICU, immunology, radiology
Nursing team
Pharmacy



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

Significant investment in the facilities, pathways and training are required (see below).

11. Do you expect the
technology to provide clinically
meaningful benefits compared
with current care?


Do you expect the
technology to increase
length of life more than
current care?

Yes there are potentially significant clinically meaningful benefits compared with current care for a subgroup
of patients – those who are fit enough to tolerate such therapy and those who have a durable complete
response to such therapy. Clinical trials for such therapy have included ‘fitter patients’ – those with a
performance score of 0 or 1. Sufficient organ (cardiac, renal, hepatic) function is also required to tolerate the
potential complications. The response rate to CD19 directed CAR-T therapy is high and many of these have
proven to be durable.
Yes – there is a potential for significant prolongation of life (and potential cure) in a subgroup of patients –
those who respond (derive a complete response) to such therapy.
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Do you expect the
technology to increase
health-related quality of
life more than current
care?

12. Are there any groups of
people for whom the
technology would be more or
less effective (or appropriate)
than the general population?

Yes we expect CAR-T cell therapy to increase health-related quality of life – in those who respond (derive a
complete response) to such therapy. However the potential long term complications of therapy must also be
considered (see below).

The group of patients for whom efficacy has been described are those who are fit enough to tolerate such
therapy. Clinical trials for such therapy have included ‘fitter patients’ – those with a performance score of 0
or 1. Sufficient organ (cardiac, renal, hepatic) function is also required to tolerate the potential complications.
Another consideration is the kinetics (tempo) of the lymphoma – as there is a time required for the
manufacturing process (engineering of the CAR-T cell therapy) and the disease should be well controlled
during this time period (days/weeks involved to coordinate all steps of the process).

The use of the technology
13. Will the technology be

The technology will be much more challenging to use for patients and healthcare professionals than current

easier or more difficult to use

care and new pathways need to be defined. The delivery of care will only be able to be delivered in specialist

for patients or healthcare

centres. This is because of the manufacturing process as well as ensuring the complications of such therapy

professionals than current

are managed appropriately. Patient safety is paramount.

care? Are there any practical
implications for its use (for
example, any concomitant
treatments needed, additional

Teams need to be competent to manage the potential risks of cytokine release syndrome (CRS) and
neurological toxicities. Patients may need to be admitted to ICU (intensive care unit) and require treatment
with agents such as corticosteroids or cytokine-mediating agents, such as tocilizumab.

clinical requirements, factors
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affecting patient acceptability

Other potential complications include cytopenias (which include thrombocytopenia and neutropenia and may

or ease of use or additional

persist for more than 28 days), infections , fatigue, GI upset and hypogammaglobulinemia.

tests or monitoring needed.)

Ensuring the appropriate supportive facilities exist as well as providing sufficient training of the teams is
paramount.
Monitoring of patients for potential toxicities will also impact on patient experience and may require their
admission to hospital for prolonged periods or proximity for close monitoring.

14. Will any rules (informal or

Yes. A difference in this therapy compared to comparators (‘physicians choice’ of chemo-immunotherapy) is

formal) be used to start or stop

the single administration of CAR-T cell therapy as opposed to a course of multiple cycles.

treatment with the technology?
Do these include any
additional testing?

15. Do you consider that the

However appropriate patient selection for such therapy is paramount. Ensuring the patient is sufficiently fit to
cope with the potential toxicities is an important consideration. In addition the patients’ disease must be under
sufficient control to allow sufficient time for such cellular therapy to be manufactured.
No

use of the technology will
result in any substantial healthrelated benefits that are
unlikely to be included in the

Professional organisation submission
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]

8 of 14

quality-adjusted life year
(QALY) calculation?
16. Do you consider the

Yes this technology is highly innovative in its potential to make a significant and substantial impact on health-

technology to be innovative in

related benefits.

its potential to make a
significant and substantial
impact on health-related
benefits and how might it
improve the way that current

It will revolutionise the outcome for a subgroup of patients as there is a potential for significant prolongation
of life (and potential cure) in a subgroup of patients – in those who respond (derive a complete response) to
such therapy. It offers a potential curative therapy to a sub-group of patients in whom palliation has previously
been considered the likely outcome.

need is met?




Is the technology a ‘stepchange’ in the
management of the
condition?
Does the use of the
technology address any
particular unmet need of
the patient population?

This represents a huge ‘step-change’ in the management of patients with relapsed or refractory diffuse large
B-cell lymphoma (DLBCL) (and transformed high grade FL) after 2 or more lines of therapy and who are
ineligible for autologous stem cell transplantation.
Yes the use of the technology does address an unmet need of the patient population. It offers a potential
curative therapy to a sub-group of patients in whom palliation has been considered the likely outcome.

17. How do any side effects or

There are novel potential adverse effects of the technology. The acute potential risks of cytokine release

adverse effects of the

syndrome (CRS) and neurological toxicities significantly influence the management of the condition and

technology affect the

require appropriate resources and training. Patients may need to be admitted to ICU (intensive care unit) and
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management of the condition

require treatment with agents such as corticosteroids or cytokine-mediating agents, such as tocilizumab.

and the patient’s quality of life?

Other potential complications include cytopenias (which include thrombocytopenia and neutropenia and may
persist for more than 28 days), infections , fatigue, GI upset and hypogammaglobulinemia. These can impact
on the patient’s quality of life.

Sources of evidence
18. Do the clinical trials on the
technology reflect current UK
clinical practice?

The clinical trial that has been presented at different international meetings differs to current UK clinical
practice as it provides a novel therapy to a sub-group of patients with relapsed or refractory diffuse large Bcell lymphoma (DLBCL) (and transformed high grade FL) after 2 or more lines of therapy and who are
ineligible for autologous stem cell transplantation.
The phase II JULIET clinical trial, a multi-center global registration study in adult patients with R/R DLBCL
has been presented at a number of international meetings (ASH 2017). Patients were recruited from 27 sites
in 10 countries across the US, Canada, Australia, Japan and Europe, including: Austria, France, Germany,
Italy, Norway and the Netherlands. In the JULIET trial, patients were infused in the inpatient and outpatient
setting.
In this Novartis-sponsored study, the technology, Tisagenlecleucel, showed an overall response rate (ORR)
of 50% (95% confidence interval [CI], 38% - 62%), with 32% of patients achieving a complete response (CR)
and 18% achieving a partial response (PR) in 68 patients evaluated for efficacy. The median duration of
response was not reached among these patients, which suggests the responses may be sustained in a subgroup of patients although longer term activity is awaited.
These outcome data do not reflect all patients considered for the trial (n=147) or all those recruited to the trial
(n=124). In some patients their DLBCL progressed, or the cells could not be manufactured, so only a
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proportion (n=99) received the product and only a sub-group have had sufficient follow up to be evaluated
for efficacy (n=68).
The numbers above have differed in different presentations as follow up has lengthened and may differ
slightly when updated.

The patients in this clinical trial are representative of a subset of patients with relapsed/refractory DLBCL


If not, how could the
results be extrapolated to
the UK setting?

As noted above the outcome data do not reflect all patients considered for the trial or all those recruited to
the trial. In some patients their DLBCL progressed, or the cells could not be manufactured, so only a
proportion received the product and only a sub-group have had sufficient follow up to be evaluated for
efficacy.
A proportion of patients obtained a complete response and the median duration of response was not
reached a sub-group, which suggests the responses may be sustained (with potential cure) although longer
term activity is awaited.
Outcome data has been compared to those reported in the international SCHOLAR-1 study published in
Blood 2017 (Crump et al).



What, in your view, are
the most important
outcomes, and were they
measured in the trials?

Yes - the important outcomes, Objective Response Rate (ORR), Complete Response (CR) progression
free survival and overall survival were measured. Longer term outcome is awaited.
The incidence of adverse events including cytokine release syndrome (CRS) and neurological toxicities
were also measured. The incidence of longer term adverse effects (cytopenias, infections , fatigue, GI
upset and hypogammaglobulinemia) were also measured.
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If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

19. Are you aware of any

The important outcomes including Objective Response Rate (ORR), Complete Response (CR) progression
free survival and overall survival were measured but longer term outcome is awaited.
Sustained complete response is suggestive of long-term clinical outcomes (potential cure) but longer term
outcome is awaited
The incidence of adverse events including cytokine release syndrome (CRS), neurological toxicities,
cytopenias, infections , fatigue, GI upset and hypogammaglobulinemia were measured in the clinical trial.
Other measures of quality of life and cognition or the incidence of secondary malignancies are awaited.
No

relevant evidence that might
not be found by a systematic
review of the trial evidence?
20. How do data on real-world
experience compare with the
trial data?

The main issues when comparing with real-world experience relate to:
1. What proportion of patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) (and
transformed high grade FL) after 2 or more lines of therapy and who are ineligible for autologous stem
cell transplantation would fit the eligibility criteria ie.performance score of 0 or 1 with sufficient organ
function (cardiac/renal/hepatic) (as outlined in the clinical trial)?
2.
3. What proportion of patients have disease that doesn’t progress in the timeframe required to prepare
and manufacture the cellular therapy, and be well enough to receive the therapy subsequently?
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Equality
21a. Are there any potential

Age should not be an exclusion criteria but sufficient fitness to tolerate such therapy is important so clarity

equality issues that should be

regarding the assessment of eligible patients is required.

taken into account when
considering this treatment?
21b. Consider whether these

There are a number of different issues. The current therapy is considered to be palliative. Therapy with the

issues are different from issues technology, Tisagenlecleucel, offers the potential of curative therapy to a sub-group of patients who derive
with current care and why.

a durable complete response to therapy. However the management of the novel potential acute and
chronic toxicities of this therapy need to be considered.

Key messages
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23. In up to 5 bullet points, please summarise the key messages of your submission.


Potential of curative therapy to a sub-group of patients who derive a durable complete response to therapy (compared to palliation,
the present treatment approach)



However the management of the novel potential acute and chronic toxicities of this therapy must be considered.



Revision of patient pathways need to be devised



Identification of the true proportion of R/R DLBCL patients who will tolerate/receive this novel therapy



Appropriate investment and training required to ensure this potentially effective therapy is delivered safely
Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
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1

Summary

Diffuse large B-cell lymphoma (DLBCL) is the most common type of Non-Hodgkin’s lymphoma
(NHL) in adults, affecting patients of median age 61 years. Prognosis is dependent upon many factors.
Clinical practice guidelines recommend using the International Prognostic Index (IPI) for determining
prognosis. IPI considers age, ECOG performance status, serum lactate dehydrogenase, disease stage
and number of extranodal sites.

1.1

Critique of the decision problem in the company’s submission

The clinical effectiveness evidence submitted by the company was comprised of data pooled from two
studies: a single-armed trial - the JULIET study and a smaller case series (Schuster 2017) producing a
population which fits within that defined in the decision problem. Nevertheless, the JULIET and
Schuster studies were in patients with ECOG performance status grades of 0 or 1 (i.e. patients who are
fully active, or able to do light work but restricted in strenuous activity). Also, patients with a life
expectancy of <12 weeks (many of which will have had ECOG grades of ≥2) were excluded. These
eligibility criteria suggest that unfit patients are unlikely to be well enough to receive tisagenlecleucel,
with the fitness criteria likely to be similar to those required to receive SCT. IPI and ECOG
performance status are important prognostic indicators of outcomes in patients with relapsed or
refractory (r/r) DLBCL therefore it is important that comparator studies consist of patient populations
with similar distributions of IPI scores and ECOG grades.
The applicability of the JULIET study results to the broader r/r DLBCL population who have had two
or more lines of systemic therapy was also limited by another trial exclusion criterion: patients who
were eligible for, and consenting to, autologous stem cell transplant (SCT) were excluded.
Consequently, there is no evidence on the efficacy of tisagenlecleucel in these patients. However, they
are encompassed by the license, which is broader than the population recruited in JULIET: adult
patients with relapsed or refractory (r/r) diffuse large B-cell lymphoma (DLBCL) after two or more
lines of systemic therapy.
The intervention in the company submission (CS) was the same as that specified in the final scope:
tisagenlecleucel (Kymriah). To produce tisagenlecleucel white blood cells are obtained from patients
via leukapheresis and then shipped to a manufacturing facility where the T-cells are genetically
modified using a lentiviral vector containing the anti-CD19 CAR transgene. Tisagenlecleucel is
delivered as a single infusion and is anticipated to be administered in specialist centres, with patients
requiring prolonged observation and access to intensive care in the event of side effects, such as
cytokine release syndrome.
The NICE scope comparators were broadly defined as ‘established clinical management’ including
types of salvage chemotherapy regimens with or without rituximab and pixantrone monotherapy.
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However, the comparators used in the CS were limited to Gem-Ox, GDP and pixantrone
monotherapy. More intensive chemotherapies such as ICE or IVE were excluded. The clinical adviser
to the ERG was of the opinion that pixantrone monotherapy is rarely used in the NHS and that GemOx is not universally used. Axicabtagene ciloleucel (another CAR T-cell therapy) was excluded by
the company on the basis that “it is not standard of care and will not be displaced in practice”. The
ERG considers this to be an important omission, given its inclusion in the NICE scope and the lack of
potentially curative treatments for patients with r/r DLBCL.
Stem cell transplant (either allogeneic or autologous) was not explicitly listed as a comparator
treatment in the final scope, although it could be considered being part of ‘established clinical
management’. In the company’s cost-effectiveness model it was assumed that no patients treated with
comparator therapies received SCT. This was based on clinical advice to the company saying that
treatment at the third or greater line setting is given with palliative intent. However, the ERG’s
clinical adviser said that patients who have failed one salvage therapy are often given a non-cross
resistant salvage therapy (often ICE or IVE) at third line with a view to possible autologous SCT,
providing they are fit enough.
The outcomes in the CS matched those listed in the scope. These were: overall survival (OS),
progression-free survival (PFS), response rate, adverse effects of treatment and health-related quality
of life (SF-36 and FACT-Lym were reported in the JULIET trial).

1.2

Summary of clinical effectiveness evidence submitted by the company

The efficacy and safety analyses of tisagenlecleucel in the CS were based on the JULIET trial and the
Schuster case series. JULIET is an ongoing, single-arm, open-label, multicentre, phase II trial in
patients with r/r DLBCL and is the primary source of clinical evidence.
The JULIET study recruited patients with relapsed or refractory disease after ≥ 2 lines of
chemotherapy, including rituximab and anthracycline. Patients had to have an ECOG performance
status grade of 0 or 1 and a life expectancy of ≥12 weeks. Patients who were eligible and willing to
undergo autologous SCT were excluded. Of the 165 enrolled patients 111 (67%) received a
tisagenlecleucel infusion. Fourteen of the 23 DLBCL patients (61%) enrolled in the case series study
went on to receive tisagenlecleucel.
The primary outcome in the JULIET study was overall response rate (ORR) as determined by
independent review committee assessment; for the 93 patients followed up for ≥3 months the ORR
was 51.6% (48/93 95% CI: 41.0, 62.1), with 39.8% of patients achieving a complete response (CR)
and 11.8% achieving a partial response (PR). The ORR based on local investigator assessment was
***********************************
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The median PFS time was ****************************** and the median OS was 11.7 months
(95% CI: 6.6 to not evaluable). *** patients received a subsequent allogeneic SCT and *** patient
also received an autologous SCT. The median OS for the 54 patients who were not infused with
tisagenlecleucel was ***********
Adverse events occurred in ************ who received tisagenlecleucel and serious adverse events
in *** of patients. Cytokine release syndrome and anaemia were the two most frequently reported
adverse events following tisagenlecleucel treatment.
From the systematic reviews of clinical trials and observational studies the comparator therapies
studies judged most relevant by the company were Eyre 2016 and PIX-301 which were both of
pixantrone, and SCHOLAR-1 which was of salvage chemotherapies. The Eyre 2016 study was
selected for the base case cost-effectiveness analysis because of its real world relevance to clinical
practice, limitations of the SCHOLAR-1 and PIX301 studies, and clinician advice that the survival
outcomes are representative of 3rd or later line patients in the UK. No patients in the Eyre 2016 study
went on to receive SCT suggesting that treatment was given with palliative intent. Clinical inputs for
the cost-effectiveness model were based on naïve, unadjusted comparisons of tisagenlecleucel with
the comparator studies.

1.3

Summary of the ERG’s critique of clinical effectiveness evidence submitted

The company’s systematic review searches and eligibility criteria were broad, encompassing the
criteria in the NICE scope which minimised the likelihood of relevant studies being missed. Many
(though not all) of the review methods described in the submission were robust. However, the main
limitation of the reviews was that no clear, reproducible criteria were provided to justify the exclusion
from later parts of the submission (including the cost-effectiveness analysis) of several studies classed
as review ‘includes’. In light of the non-randomised, unadjusted treatment comparisons used in this
appraisal the ERG has concerns that relevant, useful comparator studies may have been
inappropriately excluded from later parts of the submission. Two of the three comparator studies were
of pixantrone which appears to be a little used therapy in the NHS.
The patients enrolled in JULIET do not fully reflect the spectrum of patients awaiting third line
treatment in the NHS: patients who were eligible for autologous SCT and patients with ECOG status
grades of ≥2 were excluded from JULIET. Since JULIET has - by design - no comparator group, this
restricted generalisability of its results has important implications when considering the position of
tisagenlecleucel in the treatment pathway, the suitability of comparator datasets, and population
assumptions used in the economic modelling. Appropriate outcomes were assessed in JULIET, but the
immaturity of the results data available to date means there is uncertainty regarding the robustness of
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the OS and PFS results. The OS results in particular are affected by censoring of patients across many
time points.
The comparative analyses in the submission relied on unadjusted, non-randomised comparisons
making it important that the comparator therapy studies reflect the population enrolled in JULIET as
closely as possible, whilst also considering the patients who are likely to be candidates for
tisagenlecleucel in the NHS setting (i.e. patients encompassed by the license but excluded from
JULIET). The Eyre 2016 study of pixantrone was selected for the base case cost-effectiveness
analysis. The ERG have concerns about the relevance of the Eyre study as an appropriate comparator
since there are important differences in prognostic factors between JULIET and Eyre 2016. The ERG
does not consider it reasonable to assume the JULIET and Eyre study populations are similar enough
to make unadjusted comparisons of outcomes. In fact there are considerable differences between the
populations in terms of age, ECOG status, disease stage and International Prognostic Index. The
imbalances in these factors across the two studies are such that any comparison of outcomes would be
biased in favour of the JULIET study.
Considering the baseline data on ECOG status, median age, disease stage and IPI risk factors it
appears likely that a substantial proportion of patients in the Eyre 2016 study would not have been fit
enough for CAR T-cell therapy (were it available). This, together with the aforementioned imbalances
in important prognostic factors, makes the Eyre 2016 study a rather inappropriate choice as a
comparator group for JULIET.
Comparisons between JULIET and the PIX301 study seemed more relevant in terms of the
populations appearing to be broadly similar. However, the results relate only to patients who are not
eligible for autologous SCT i.e. the population being considered is one whose standard of care
treatment would likely be palliative. Comparison between JULIET and SCHOLAR-1 relates not to a
population receiving palliative treatment (as was the case for PIX301) but rather to a population
receiving intensive salvage chemotherapy with a view to possible SCT. Since such patients were
excluded from JULIET any comparison must assume that tisagenlecleucel has the same efficacy and
safety for these (SCT eligible) patients as for those included in JULIET. Consequently there is
considerable uncertainty about the comparative effectiveness estimates. Key issues to consider when
evaluating results derived from these comparisons are the treatment pathway points and types of
patient being considered for tisagenlecleucel in the NHS, and the difference between
tisagenlecleucel’s anticipated licensed indication and the tisagenlecleucel study populations (the
former being broader than the latter). In particular, distinction should be considered regarding the
treatment of patients due to receive a 3rd line non-cross resistant chemotherapy which is more intense
(i.e. with a view to possible SCT) and patients who may be eligible for more intensive therapies at 4th
line (or greater). Another issue which could be particularly important in these populations is that the
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time period between the decision to treat and receipt of treatment, is likely to be longer for
tisagenlecleucel (3-4 weeks) compared with salvage chemotherapy (1-2 weeks); around 10% of the
patients enrolled in the JULIET study died before they could receive a tisagenlecleucel infusion.

1.4

Summary of cost effectiveness submitted evidence by the company

The company's cost-effectiveness submission included a systematic review of published costeffectiveness studies for the treatment of adult patients with r/r DLBCL who have failed at least two
previous treatment regimens. Two studies were considered to meet the eligibility criteria for the
review. This included an Australian study evaluating high-dose chemotherapy for the treatment of
3rd/4th line NHL and a UK study evaluating pixantrone monotherapy. No published cost-effectiveness
studies of tisagenlecleucel were identified.
A cost-effectiveness analysis of another CAR T-cell therapy, axicabtagene ciloleucel (axi-cel) was
identified separately from the systematic review and was not formally included within the company’s
review or quality assessment. This study was undertaken by the US Institute for Clinical and
Economic Review (ICER) and compared axi-cel versus salvage chemotherapy for adult patients with
r/r DLBCL after two or more previous treatments. In response to clarification questions, the company
provided a short summary and critique of the US ICER study.
The company presented a de novo analysis based on short-term decision tree (for tisagenlecleucel
treatment group only) and three health state (pre-progression, post-progression and death) partitioned
survival analysis model. The separate decision model for the tisagenlecleucel is used to capture the
costs and outcomes of specific events arising between a patient undergoing leukapheresis and
subsequent infusion tisagenlecleucel. These events include discontinuations due to manufacturing
failure and death prior to infusion.
Patients treated with the comparator regimens directly enter the partitioned survival model in the
progression free health state, while patients treated with tisagenlecleucel enter via the separate
decision tree model. All patients remain in pre-progression health state until disease progression or
death. Following a transition to progressive disease, patients remain in the post-progression health
state until death.
The population considered in the company model is stated to be in line with the anticipated licensed
indication for tisagenlecleucel (not yet granted by the European Medicines Agency). The anticipated
license for tisagenlecleucel is for the treatment of adult patients with r/r DLBCL after two or more
lines of systemic therapy.
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The company considered the most relevant comparators to be either salvage chemotherapy (with or
without rituximab), or pixantrone monotherapy, with both treatment options given with palliative
intent in the third- and later-line setting. The salvage chemotherapy comparator was assumed to be
one of two chemotherapy regimens (Gem-Ox and GDP, with or without rituximab). These salvage
regimens were selected based on clinical advice and treatment guidelines for the treatment of DLBCL
in a third and greater line setting.
The cost-effectiveness analysis was performed from a NHS and Personal Social Services (NHS &
PSS) perspective, with a discount rate of 3.5% per annum applied for costs and health benefits. A
lifetime horizon (46 years) was assumed in the base case analysis.
For tisagenlecleucel, the company fitted standard parametric, spline and mixture cure models for PFS
and OS, based on the pooled individual patient data from two single arm trials, JULIET (8th December
2017 cut-off date, n=111) and Schuster 2017 [NCT02030834] ((n=14, cohort with DLBCL). The
company justified the pooling of these trials in order to utilise all available evidence. A separate
scenario analysis was reported using the JULIET trial only.
The company concluded that neither the standard parametric nor spline models appeared to
appropriately capture the emerging plateau in the observed survival data for tisagenlecleucel. The
company stated that the existence of a plateau in the OS curve is consistent with the mechanism of
action of tisagenlecleucel as a potentially curative treatment option. As a result, the company used a
mixture cure model (lognormal) for the extrapolation of OS and PFS for tisagenlecleucel in their base
case analysis.
The company also explored an alternative approach for the extrapolation of OS for tisagenlecleucel.
Rather than explicitly modelling a ‘cure fraction’ using a mixture cure approach, the alternative
approach assumed that those patients who are still alive after a particular time point are effectively
‘cured’ and have a similar mortality to the general population for the remainder of the model horizon.
Using this alternative approach, OS was extrapolated using a spline model with a single knot for 24
months. After 24 months, a standardised mortality rate (SMR) of 1.09 was applied to general
population mortality for the remainder of the model horizon.
The source of effectiveness data for all comparator regimens was derived from Eyre et al (2016) in the
company’s base case. This source was assumed by the company to be representative of the survival
outcomes that may be expected for patients treated with existing regimens given with palliative intent
in a third- and later-line setting. Given the lack of access to individual patient data (IPD) from the
Eyre (2016) study, the company generated pseudo IPD data to inform the extrapolations for OS and
PFS for the comparator regimens. Single parametric and spline models were fitted. As the standard
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parametric models provided a reasonable fit to the observed data, the mixture cure models were not
explored for the comparator regimens. The mixture cure models were also argued to be inappropriate
for the comparator regimens given their stated use as palliative therapies. The exponential model was
selected for OS based on goodness of fit statistics. The exponential model was also selected for PFS
based on consistency with the shape of the best-fitting OS curve.
Additional scenarios were also undertaken to explore alternative sources of evidence to inform
survival outcomes with salvage chemotherapy and pixantrone monotherapy. The company proposed 2
alternative data sources: (i) a subgroup of the PIX301 trial (patients who had received prior rituximab
and were being treated in the third- or later-line setting) and (ii) a subgroup of the SCHOLAR-1 data
(excluding primary refractory patients). These alternative sources were explored using separate
scenarios.
The cost of tisagenlecleucel treatment included the costs of pre-treatment (leukapheresis, bridging
chemotherapy, lymphodepleting chemotherapy) and treatment (tisagenlecleucel acquisition, and
hospitalisation for treatment administration and monitoring). These costs were assumed to be incurred
in the first model cycle. A confidential Patient Access Scheme (PAS) discount of **% off the
tisagenlecleucel list price is currently under discussion. The company presented results based on the
list price and with the proposed PAS. The treatment cost of the comparators included drug acquisition
and administration costs. It was assumed that salvage chemotherapy and pixantrone are administered
in an outpatient setting.
The health state costs of the progression free health state included follow-up costs consisting of
physical check-ups and routine monitoring activities. Resource use assumptions were informed by the
JULIET trial protocol for tisagenlecleucel and by the NICE NHL guidelines for the comparators. The
resource use and cost was assumed to vary according to the year of follow-up, decreasing as
monitoring becomes less intensive. The cost of progressive disease included professional and social
services cost, health care professional costs, treatment follow-up costs and hospitalisation costs,
sourced from a separate published study.
Adverse events (grade 3-4) occurring in 5% or more of patients were included. The model also
considered B-cell aplasia of any grade for patients receiving tisagenlecleucel. The cost of treating
CRS was assumed to include the cost associated with ICU admission and treatment with tocilizumab.
The cost of treating B-cell aplasia included the administration and acquisition costs of IVIG.
The company reflected health related quality of life (HRQoL) in the model by assigning utility
estimates to each of the three health states. Base-case estimates for the pre-progression and postprogression disease health states were derived from SF-36 data collected in the JULIET trial and
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mapped to EQ-5D. The health state utilities were assumed to be independent of treatment group. The
company applied alternative utility estimates sourced from NICE TA306 in a scenario analysis.
The company assumed in their base-case that the duration of adverse event related disutility (with the
exception of that associated with CRS and B-cell aplasia) would be the same as that of the treatment
duration for comparators and the duration of hospitalisation for tisagenlecleucel. The disutility
associated with adverse events of treatment was applied in the company’s model as a one-off
decrement at the first cycle. This disutility was assumed to comprise the disutility of all AEs except
CRS, which was modelled separately.
In the company’s base case analysis, tisagenlecleucel was more costly and more effective than each of
the comparator regimens. The resulting deterministic ICERs for tisagenlecleucel versus each
comparator regimen ranged between £****** and ******* per QALY gained (list price) and between
£44,648 and £47,684 per QALY gained (PAS price). The mean probabilistic ICERs ranged between
£****** and £****** per QALY gained (list price) and between £47,846 and £50,963 per QALY
gained (PAS price).
The company presented a series of one-way deterministic sensitivity analyses to assess the impact of
varying key model input parameters on the ICER. The base case ICERs appeared relatively
insensitive to the majority of parameter values. The most influential parameter was the utility estimate
for the progression free health state which increased/decreased the base case ICER by approximately
£3,000 across the range of values considered.
The submission also included an extensive series of scenario analyses to check the robustness of the
model results to uncertainty relating to the survival data, parameters, and structural assumptions. The
company’s scenario analyses showed that the cost-effectiveness of tisagenlecleucel appeared
relatively insensitive to changes across the majority of scenarios considered. The scenario analysis
using alternative time horizons resulted in the largest changes in the ICERs. The results of the
alternative approach employed by the company for modelling the expected long-term survival with
tisagenlecleucel (spline model with a single knot for 24 months followed by SMR adjusted general
population mortality) resulted in similar results compared to the base case approach using the mixture
cure model. Using the PIX301 trial subgroup results for the comparator regimens increased the basecase ICERs marginally. The use of the SCHOLAR-1 data for the salvage chemotherapy regimens
increased the deterministic ICER of tisagenlecleucel to over £50,000 per QALY versus [R-]Gem-OX
and [R-]GDP, in the PAS analysis.

1.5

Summary of the ERG’s critique of cost effectiveness evidence submitted
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The model structure proposed by the company was considered to be appropriate for decision making
purposes. However, the ERG notes an important structural assumption, specifically that those
patients’ who are still alive after two years (regardless of their treatment or their current health state
occupancy) were assumed to incur the same HRQoL and costs assumed for the pre-progression
health state. While the ERG acknowledges that it is unlikely that patients in the post-progression
health state will survive beyond two years, this assumption also prevents transitions from the ‘Preprogression’ to the ‘Post-progression’ state after this time point. The assumption was based on
clinical advice received by the company and a single published study. However, the ERG also
identified several other studies that suggest that significant excess mortality may remain up until at
least five years post-diagnosis.
The population considered in the company submission appears more restrictive than the anticipated
license for tisagenlecleucel, reflecting a population for whom the existing standard of care treatments
would be given with palliative intent. As a result, a number of other more intensive salvage
chemotherapy regimens (R-ICE, R-IVE and R-DHAP) included in the NICE scope, were not included
in the cost-effectiveness analysis. However, as previously noted, the ERG’s clinical advisor
considered that patients who have failed one salvage therapy are often given a non-cross resistant
salvage therapy (often ICE or IVE) at third line with a view to possible autologous SCT, providing
they are fit enough. While pixantrone monotherapy is a NICE approved treatment in a 3rd or later line
position, the clinical advisor to the ERG confirmed that pixantrone is rarely used and that it is
perceived in the clinical community to be of limited effectiveness. Hence, the ERG considers that
pixantrone appears to be a less relevant comparator than other salvage chemotherapy regimens.
The ERG highlights that the observed data for tisagenlecleucel was collected over a short follow-up
when compared with the extrapolated period over which the majority of the QALY gains are accrued.
Given the short follow-up period of the observed data and the small numbers in the analysis, there is
considerable uncertainty as to how the survival data and associated survival curves will develop over
longer time horizons. Despite this uncertainty, the ERG considers that the company’s base case
approach for tisagenlecleucel appears sufficiently plausible for decision making purposes.
The ERG also acknowledges that the alternative approach proposed by the company for the
extrapolation the survival data for tisagenlecleucel provides a plausible alternative approach to the
mixture cure model. However, the ERG considers that the use of a 24 month time point in the
company’s alternative approach is potentially too short as the limited follow up for the survival data
with tisagenlecleucel cannot exclude the possibility of late relapses occurring. The ERG concludes
that it might be more appropriate to utilise the standard parametric and spline models for the first 5years of the model horizon and to switch to general population mortality estimates beyond 5-years for
surviving patients.
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The ERG notes that the main source of uncertainty in relation to the OS and PFS estimates for the
comparator regimens relates to the proposed use of Eyre 2016 in the company base case. The ERG
raised several concerns regarding the unadjusted indirect comparisons and the relevance of this study
to inform the comparator regimens. Although the company also provided a matched-adjusted indirect
comparison (MAIC) approach to attempt to control for differences in key prognostic variables, the
ERG did not consider that this approach addressed their concerns and the ERG has concerns regarding
whether the adjusted results are clinically plausible.
Although the PIX301 study was based on a post-hoc analysis of data from a small subgroup of thirdline or late patients who had previously received rituximab (n=30 pixantrone, n=26 comparator), the
ERG considers that this might be a more reasonable comparator study for a population of patients
who are not eligible for autologous SCT and are treated with palliative intent. However, as previously
noted, it is important to consider the treatment pathway points being considered for tisagenlecleucel in
the NHS and the difference between tisagenlecleucel’s licensed indication and the tisagenlecleucel
study populations (the former being broader than the latter).
The uncertainty surrounding the choice of comparator data may be better characterised in terms of
their generalisability to the population who would potentially receive tisagenlecleucel if this were
made available to the NHS. The ERG notes that the anticipated license for tisagenlecleucel does not
limit the treatment population to those patients that are ineligible for SCT. A key difference between
the SCHOLAR-1 data and the Eyre 2016 and PIX301 studies concerns the high rate of subsequent
SCT in SCHOLAR-1 (29.9%). The ERG considers that SCHOLAR-1 data more closely reflects a
population receiving intensive salvage chemotherapy with a view to possible SCT, rather than a
population receiving palliative treatment. The ERG also considers the CORAL extension studies of
salvage chemotherapies to be relevant and that the separate survival curves (for patients subsequently
receiving SCT or not) may provide a way to more explicitly address the uncertainties surrounding the
likely SCT rate in clinical practice.
Other areas of uncertainty not fully addressed in the company’s submission include the effect of
ageing on health state utilities, the duration of adverse events and several cost assumptions.

1.6
1.6.1

ERG commentary on the robustness of evidence submitted by the company
Strengths

The ERG considered the company’s economic submission to generally meet the requirements of the
NICE reference case. The company’s searches to identify relevant clinical evidence were broad. The
company provided justification for key assumptions and explored the impact of a range of
uncertainties using an extensive set of sensitivity and scenario analysis. The inputs, key assumptions
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and outputs were validated with clinical experts. The company also provided additional evidence and
analyses in response to points for clarification.
1.6.2

Weaknesses and areas of uncertainty

The main weaknesses and areas of uncertainty identified by the ERG include:
1.

Uncertainty surrounding the relevant patient population

The ERG considers that the company’s focus on a population for whom treatment at a third or greater
line setting is given with palliative intent is overly restrictive and does not fully reflect the patient
population covered by the proposed marketing authorisation. The main uncertainty concerns those
patients at a third or greater line setting who might be given a non-cross resistant salvage therapy
(often ICE or IVE, with or without rituximab) with a view to proceeding autologous SCT.
2.

The choice of comparator regimens

The company base case includes two salvage chemotherapy comparators (R-Gem-Ox and R-GDP)
and pixantrone monotherapy. The ERG considers this an important limitation excludes patients who
are able to receive more intensive 3rd line treatments such as ICE, IVE and DHAP (with or without
rituximab).
3.

The evidence source used for the comparator regimens and the uncontrolled nature of the

comparisons
The ERG considers the main source of uncertainty in relation to the OS estimates for the comparator
regimens to be the decision to use the Eyre (2016) study in the company base case. The ERG does not
consider that this study provides an appropriate basis for informing the OS estimates for the
population who would be potentially eligible for treatment with tisagenlecleucel. The ERG concludes
that the PIX301trial may be a more appropriate source of comparator data for patients who are not
eligible for autologous SCT and are treated with palliative intent. The ERG also believes that the
CORAL extension study may provide a basis for informing the potential survival outcomes of a 3rd
line population who may be treated with more intensive chemotherapy regimens.
4.

The uncertainty surrounding the extrapolation of OS for tisagenlecleucel

The ERG notes that significant uncertainties remain regarding the extrapolated OS estimates for
tisagenlecleucel and the use of mixture cure modelling approach given the immaturity of existing
evidence. Despite these concerns the ERG considers that the company’s base case approach for
tisagenlecleucel appears sufficiently plausible for decision making purposes.
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The ERG also considers the use of a parametric or spline model for a fixed period of time followed by
a SMR adjusted general population mortality rate may provide a plausible alternative to the company
base case approach. However, the ERG notes that the use of a 24 month time point in the company’s
alternative approach is potentially too short and that it might be more appropriate to utilise the
standard parametric and spline models for the first 5-years of the model horizon and to switch to
general population mortality estimates beyond 5-years for surviving patients.
5.

The inclusion of additional structural assumptions related to cure and the timing

The ERG notes that not that the assumption made that patients who remain alive beyond 2-years
revert to the same HRQoL and medical resource cost of the progression-free state is uncertain. The
ERG acknowledges that patients surviving beyond this period are unlikely to have progressed (and
views the structural assumption as an attempt to limit the impact of implausible scenarios where
patients might continue to incur the HRQoL and costs of the progressed state for an extended period
of time). Nevertheless, the ERG identified several other studies that suggest that significant excess
mortality may remain up until at least five years post-diagnosis and considered that this should be
potentially reflected both in the mortality assumptions as well as the HRQoL and cost assumptions.
6.

Uncertainties surrounding the utility of long-term survivors and the lack of adjustment for

ageing
The ERG considers that age adjustments to health state utilities should have been included in the
company’s base-case. The approach taken by the company in response to points for clarification
appears optimistic, as it only assumes age related disutility from the age of 65 years onward.
7.

Uncertainty surrounding post-treatment SCT

There are two important areas of uncertainty regarding post-treatment SCT. First, there is uncertainty
surrounding the rate of SCT in patients who received tisagenlecleucel who received a SCT, depending
on whether the rates are derived from the full analysis set (FAS) or efficacy analysis set (EAS)
populations. The second uncertainty concerns the rate of SCT that might be expected with existing
salvage chemotherapies. The final uncertainty concerns the relative use of autologous or allogeneic
SCT post-treatment given the different cost implications. Given that the rate of SCT is an important
element of cost and may also determine the appropriate comparator dataset, this represents an
important area of uncertainty.
8.

Uncertainty surrounding broader infrastructure and training requirements

Given the complexity of the intervention and the lack of a clear service specification for the provision
and administration of tisagenlecleucel, the ERG considers that important uncertainties remain
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concerning whether the additional resource/cost implications for the NHS have been fully quantified.
The ERG notes that particular consideration should be given to whether there are additional
infrastructure requirements for the NHS which have not been captured. The ERG noted specific
uncertainties whether ICU beds may need to be made available (even if not used) to ensure that
patients receiving tisagenlecleucel can be guaranteed access to appropriate services if and when
required (and without detriment to other patients).
The ERG also notes that the cost of any additional training that maybe required is not considered in
the model.
9.

Uncertainties surrounding adverse events

Considerable uncertainty exists regarding any long-term adverse effects of tisagenlecleucel, bearing in
mind how long it may persist within patients given its ‘living drug’ description, potentially over the
course of a lifetime.

1.7

Summary of exploratory and sensitivity analyses undertaken by the ERG

The key uncertainties addressed by the ERG scenario analyses relate to the:
i.

Extrapolation of OS for tisagenlecleucel

ii.

Additional structural assumptions associated with cure and its timing

iii.

OS evidence source used for salvage chemotherapy and the uncontrolled nature of the
comparisons

iv.

Relevant patient population

In addition to these, the ERG also explored the impact of adjusting health state utilities according to
age and a series of alternative cost assumptions.
Given the uncertainty surrounding the relevant patient population the ERG alternative base case
analysis is presented using two sources of effectiveness data to inform the survival of salvage
chemotherapy patients. The first source is the PIX301 subgroup data which is assumed to be reflective
of a population treated with a third or greater line chemotherapy and to whom treatment is given with
palliative intent. The second source is the CORAL extension study of 203 patients who did not
proceed to per-protocol ASCT and who were candidates for a third-line regimen. The ERG considers
potentially more generalisable to the population in a 3rd line setting who could be eligible to receive
more intensive salvage chemotherapy. In the revised ERG base-case, a rate of 12.5% subsequent SCT
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was assumed given that it was the mid-point of the range considered plausible by the clinical advisors
to the company and to the ERG.
Using data from the PIX301 subgroup to examine cost-effectiveness on a population for whom
salvage chemotherapy is delivered with palliative intent, the ERG base-case ICER varied between
£49,964 and £62,345 per QALY depending on whether the survival for tisagenlecleucel is modelled
with the mixture-cure model or the one knot spline model until 5 years followed by general
population mortality. Using data from the CORAL extension study (12.5% subsequent SCT rate) in
recognition that the expected licence for tisagenlecleucel will also include patients at a 3rd line of
treatment for whom more intensive chemotherapy is potentially an option, the ICER varied between
£67,568 and £93,862 per QALY depending on whether the survival for tisagenlecleucel is modelled
with the mixture-cure model or the one knot spline model until 5 years followed by general
population mortality.
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2

Critique of company’s decision problem, description of the technology
and clinical care pathway

2.1

Decision problem

The CS presented the differences between the decision problem described in the final scope issued by
NICE and the decision problem addressed in the CS (Table 1 of the CS).
2.1.1

Population

The patient population for the clinical evidence submitted by the company is analogous with the
population described in the final scope. There is a difference in that the population in the NICE scope
– adults with relapsed or refractory (r/r) diffuse large B-cell lymphoma (DLBCL) – is broader than the
population covered by the submission, which is consistent with the anticipated licensed indication:
adult patients with relapsed or refractory (r/r) diffuse large B-cell lymphoma (DLBCL) after two or
more lines of systemic therapy.
The clinical effectiveness evidence submitted by the company was comprised of two studies: a singlearmed trial - the JULIET study,1 and a smaller case series (Schuster 20172). Data from the two studies
were pooled, producing a population which fits within that defined in the decision problem. However,
the JULIET and Schuster datasets included only patients with ECOG performance status grades of 0
or 1 (i.e. patients who are fully active, or able to do light work but restricted in strenuous activity).
Also, patients with a life expectancy of <12 weeks (many of which will have had ECOG grades of ≥2)
were excluded. These eligibility criteria suggest that unfit patients are unlikely to be well enough to
receive tisagenlecleucel. ECOG performance status is an important prognostic indicator of outcomes
in patients with r/r DLBCL therefore it is important that comparator studies consist of patient
populations with similar distributions of ECOG grades. In the Eyre 2016 study,3 which was used to
inform comparator effectiveness in the cost-effectiveness base case analysis, 54% of patients had
ECOG grades of 2-4.
The applicability of the JULIET study results to the broader r/r DLBCL population who have had two
or more lines of systemic therapy was also limited by another exclusion criterion: patients who were
eligible for and consenting to autologous SCT were excluded. Consequently, there is no evidence on
the efficacy of tisagenlecleucel in these patients but they are encompassed by the anticipated license.
2.1.2

Intervention

The intervention in the CS was the same as that specified in the final scope: tisagenlecleucel
(Kymriah). A marketing authorisation application for tisagenlecleucel in this indication was submitted
to the European Medicines Agency (EMA) on 6th November 2017. The CS stated that positive
opinion from the Committee for Medicinal Products for Human Use (CHMP) was expected in May
2018. On 1st May 2018, the U.S. Food and Drug Administration (FDA) approved tisagenlecleucel for
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adults with relapsed or refractory large B-cell lymphoma after two or more lines of systemic therapy
including DLBCL not otherwise specified, high grade B-cell lymphoma and DLBCL arising from
follicular lymphoma.
2.1.3

Comparators

The NICE scope comparators were broadly defined as ‘established clinical management’ including
types of salvage chemotherapy regimens with or without rituximab and pixantrone monotherapy. The
comparators used in the CS were limited to Gem-Ox, GDP and pixantrone monotherapy. More
intensive chemotherapies such as ICE or IVE were excluded. The clinical adviser to the ERG was of
the opinion that pixantrone monotherapy is rarely used in the NHS and that Gem-Ox is not universally
used.
Best supportive care (including radiotherapy) was in the NICE scope but was not included in the CS,
the reason stated was that salvage chemotherapy and pixantrone monotherapy are generally used with
palliative intent in the third- and later-line setting (i.e. are used as palliative/supportive care). The
ERG’s clinical adviser thought that radiotherapy may have a role only where disease was localised.
Axicabtagene ciloleucel - another CAR T-cell therapy - was included on the NICE scope (subject to
ongoing appraisal) but was excluded from the company on the basis that “it is not standard of care and
will not be displaced in practice”. Studies of axicabtagene ciloleucel were identified in the company’s
systematic review. The ERG considers this to be an important omission given the NICE scope and the
lack of potentially curative treatments for patients with r/r DLBCL.
Stem cell transplant (either allogeneic or autologous) was not explicitly listed as a comparator
treatment in the final scope although it could be considered being part of ‘established clinical
management’: some patients will proceed to a SCT if they respond adequately to salvage
chemotherapy. In the cost-effectiveness model it was assumed that no patients treated with
comparator therapies received SCT. This was based on clinical advice to the company saying that
treatment at the third or greater line setting is given with palliative intent. However, as noted in
section 2.1.1, the JULIET trial excluded patients who were eligible for autologous SCT; despite this
such patients are encompassed by the anticipated license. The ERG’s clinical adviser said that patients
who have failed one salvage therapy are often given a non-cross resistant salvage therapy (often ICE
or IVE) with a view to possible autologous SCT, providing they are fit enough.
2.1.4

Outcomes

The outcomes in the CS matched those listed in the appraisal’s final scope. These were: overall
survival (OS), progression-free survival (PFS), response rate, adverse effects of treatment and healthrelated quality of life (SF-36 and FACT-Lym were reported in JULIET). The primary outcome in the
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JULIET study was overall response rate (ORR) defined as best overall response of complete response
(CR) and partial response (PR) as determined by a central independent review committee. For PFS,
the JULIET study protocol stated that patients who proceeded to stem cell transplant (SCT) after
tisagenlecleucel infusion were censored at the time of SCT. Event-free survival (EFS) data were also
reported for JULIET; EFS was also censored for SCT. The scope outcomes were reported in both the
JULIET and Schuster studies, with the exception of health-related quality of life which was reported
in the JULIET study but not in the smaller Schuster study.

2.2

The technology being appraised

Tisagenlecleucel is a second generation, patient specific, chimeric antigen receptor (CAR) T-cell
therapy. It is a cell-based gene therapy involving the modification, expansion and re-infusion of a
patient’s own T-cells and is administered as a single intravenous (iv) infusion. The CS stated that
tisagenlecleucel utilises similar mechanisms to that of cytotoxic T-cells to destroy malignant cells and
thereafter maintain ongoing anti-tumour surveillance acting as a ‘living drug’, potentially over the
course of a lifetime. The CS described the mechanism of action as being novel, involving preferential
targeting of the CD19 antigen, a glycoprotein with near-universal expression on B cell precursors and
B-cells; CD19 is not found on bone marrow stem cells or other healthy tissues. Death of malignant Bcells is via CAR-mediated cytolysis and cytokine release from the CAR T-cell (see Table 2 of the
CS).
The EMA summary of product characteristics (SmPC) document states that tisagenlecleucel should be
administered in a certified treatment centre by a physician experienced with immunosuppressed
patients and trained for administration of tisagenlecleucel and management of patients treated with
tisagenlecleucel. Tocilizumab for use in the event of cytokine release syndrome (CRS) and emergency
equipment must be available prior to infusion.4 The processes involved in manufacturing and
administering tisagenlecleucel include leukapheresis to obtain cells from the patient, cryopreservation
and shipping to manufacturing facility, genetic transduction of cells using viral vector, cell expansion,
formulation and quality assessment and infusion. Low dose lymphodepleting chemotherapy is
recommended prior to tisagenlecleucel infusion.
The SmPC stated that the manufacture and release of tisagenlecleucel usually takes about 3-4 weeks
although in the JULIET study the
*******************************************************************. This longer than
expected wait was ascribed to the higher than expected demand and subsequent capacity limitation in
the US manufacturing facility at the start of the JULIET trial (p42 of CS). The ERG notes that the
time period between the decision to treat and receipt of treatment, is likely to be longer for
tisagenlecleucel compared with salvage chemotherapy: the ERG’s clinical adviser considered the
latter to be 1-2 weeks. A wait of 3-4 weeks for tisagenlecleucel treatment has important implications
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for patients due to their short life expectancy and often rapid rate of disease progression. In the
JULIET study of the 165 patients enrolled 16 (10%) died before they could receive infusion with
tisagenlecleucel.
The NHS currently lacks the infrastructure and capacity for delivering CAR T-cell therapies although
the existing infrastructure for stem cell transplants provides a foundation. Infrastructure
considerations include training and accreditation of staff to handle and administer CAR T-cells, and
increased need for intensive care beds without detriment to current provision. New arrangements for
preparation, procurement, storage and manufacture of tisagenlecleucel are also likely to be important.

2.3

The health condition and position of the technology in the treatment pathway

The CS disease overview was broadly an appropriate summary of DLBCL. Both the BSH (British
Society for Haematology) and ESMO (European Society for Medical Oncology) guidelines emphasise
the importance of using the International Prognostic Index (IPI) for prognosis. The risk factors
covered by the IPI include age (>60 years), ECOG performance status (2-4), serum lactate
dehydrogenase (> normal), stage III-IV and extranodal sites (>1). An age-adjusted IPI is available for
patients aged ≤ 60 years.
The CS described the DLBCL treatment pathway and the company’s proposed positioning of
tisagenlecleucel; the figure presented in the CS has been reproduced in Figure 1 (Figure 5, p20, in the
CS). The CS noted that although first-line treatments are effective in many patients, around a third
will be refractory to treatment or will relapse and that most patients would receive rituximab as part of
first- or second-line therapy. The ERG’s clinical adviser concurred with this view.
For relapsed/refractory disease the CS stated that treatment choice is “guided by consideration of a
patient’s ability (i.e. age and fitness) to tolerate high-dose therapy and transplantation” (p21 of CS).
The ERG’s clinical adviser was of the opinion that the fitness criteria for receiving a CAR-T cell
therapy would be similar to those required to receive SCT.
Based on feedback from an advisory board of UK clinicians5 and on the ESMO and NICE guidelines,
the CS deemed GDP to be the preferred first-line salvage chemotherapy regimen. This is because it is
viewed as being as effective as other therapies - such as DHAP, ICE and IVE - but less toxic (p21 of
CS). Based on the aforementioned UK clinician advisory board meeting the CS added that for patients
who are r/r to second line therapies further salvage chemotherapy would be considered which would
be non-cross resistant to the previous salvage chemotherapy.
The CS also stated that clinician feedback was that third-line salvage chemotherapy regimens are
mainly palliative in nature (using treatments such as such as Gem-Ox (gemcitabine and oxaliplatin)
and GDP, with or without rituximab or pixantrone monotherapy). Based on the opinion of two UK
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clinician the CS stated that around 5% of patients who have received two or more prior lines of
systemic therapy are expected to achieve a sufficient clinical response to support receipt of a SCT
following 3rd line chemotherapy. Whilst this estimate may reflect the whole r/r DLBCL population
who have received two lines of therapy (including sicker patients, such as those with ECOG grades 24), the ERG considers it is unlikely to accurately reflect the specific patient groups who are likely to
receive tisagenlecleucel on the NHS. This is based on results from two relevant studies of the thirdline therapies given to the CORAL trial cohort. The first followed up 203 patients who had failed
second line salvage therapy. It reported an overall response rate to 3rd line chemotherapy of 39% with
28% having an autologous SCT.6 The CS added that whilst allogeneic SCT may be considered for
patients who have relapsed after autologous SCT or for whom stem cell harvesting was not possible, it
is rarely performed. The ERG notes that this contrasts with results from a second paper on the
CORAL cohort; in a cohort of 75 patients who relapsed following autologous SCT the overall
response rate to 3rd line chemotherapy was 44%, with 18% receiving an allogeneic SCT.7 Based on
the assumption that patients would only receive palliative therapy in the 3rd line setting the CS used
comparison data based on the estimated efficacy of Gem-Ox and GDP (with or without rituximab).
The ERG thinks an important omission has been made in the CS by not considering patients who are
able to receive more intensive 3rd line treatments such as ICE, IVE and DHAP.
Figure 1 DLBCL treatment pathway and positioning of tisagenlecleucel as proposed in the company
submission (from figure 5 in the CS)

2.4

Equality considerations

No equality issue were identified in the CS.
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3

Clinical Effectiveness

This section contains a critique of the methods of the review of clinical effectiveness data, followed
by a description and critique of the studies included in the review, including a summary of their
quality and results and the results of any analyses of studies.

3.1

Critique of the methods of review(s)

The company conducted a systematic review to identify clinical trials of the efficacy and safety of
treatments for relapsed/refractory DLBCL in adults. The CS also reported undertaking a parallel
review of observational studies of tisagenlecleucel and other treatments for relapsed/refractory
DLBCL.
3.1.1

Searches

Review of clinical trials
The databases used for the systematic review of clinical trials are reported as being MEDLINE and
MEDLINE in Process, Embase, selected Cochrane Databases (i.e. CDSR, CENTRAL and DARE), all
using the OVID SP interface. This is reported in section D.2.1 of the company submission.
A number of conference websites (including ASCO, ASH, EMBT) (2015 to 2017) were used to
identify potentially relevant trials as well as websites of HTA organisations (including NICE, Scottish
Medicines Consortium and the All Wales Medicines Strategy Group). Searches of the trials registers
ClinicalTrials.gov, European Union Clinical Trials Register, International Standard Randomised
Controlled Trial Number Registry and the WHO ICTRP were also conducted to find ongoing studies.
This demonstrates a thorough and comprehensive attempt to identify all the potentially relevant trials
of treatments for DLBCL.
Strategy
The search strategy used is fully reproduced on pages 12-13 of Appendix D of the CS and the date it
was conducted is given. As one search strategy was undertaken to search across all databases at once
it is difficult to clarify the search process and results for each of the individual databases searched
although the overall structure of the strategy seems to be appropriate and there are no errors in how
the sets are combined, nor typographical errors within the search terms used. The numbers of records
retrieved matches the number given in the PRISMA diagram. The additional searches of conference
websites, HTA organisations and trials registers are briefly described Table 2 (page 12) of the CS
appendices and the number of records identified from these sources is given in the PRISMA
flowchart.
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Review of observational studies
The databases used for the review of observational studies are reported as being MEDLINE and
MEDLINE in Process, Embase, selected Cochrane Databases (i.e. CDSR, CENTRAL and DARE), all
using the OVID SP interface. This is reported in section D.2.2. of the CS.
Strategy
The search strategy used is fully reproduced on pages 12-14 of Appendix D and the date it was
conducted is given. As one search strategy was undertaken to search across all databases at once it is
difficult to clarify the search process and results for each of the individual databases searched
although the overall structure of the strategy seems to be appropriate and there are no errors in how
the sets are combined, nor typographical errors within the search terms used. The numbers of records
retrieved matches the number given in the PRISMA diagram provided on page 81 of the CS
appendices.
The ERG noted that observational studies were identified by excluding records about trials from the
search results. One of the search terms used to identify trials was prospective study/ (line 4).
Observational studies can however be carried out prospectively and can be indexed as Prospective
Study/ in MEDLINE. Consequently it is possible that some relevant records could have been excluded
from the observational studies set of records by this operation. The ERG also notes that the searches
for both reviews were restricted to articles in English, so it is possible that some relevant studies may
have been missed.
3.1.2

Review eligibility criteria

Eligibility criteria for both reviews were presented together in Appendix section D3. All the criteria
covered the NICE scope, albeit broadly. Intervention criteria were defined by specifying only the line
of therapy received; the NICE scope was also wide-ranging in specifying established clinical
management. Population and outcomes criteria were also broadly defined. Study design criteria
included RCTs, single-arm trials and observational studies (see Table 4, Appendix D3 of the CS).
For the review of clinical trials two reviewers independently screened titles and abstracts and fulltexts for eligibility with disagreements resolved by a third reviewer. These methods were appropriate
for minimising the possibility of reviewer errors and biases affecting the final list of studies included
in the reviews. However, for the review of observational studies only one reviewer screened titles and
abstracts and full-texts for eligibility so the possibility of reviewer bias and errors affecting this
review was greater.
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3.1.3

Included and excluded studies

Two PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram
was presented in the CS Appendix – one for the systematic review of clinical trials (Figure 1, p17)
and one for the review of observational studies (Figure 2, p81).
In the review of clinical trials a total of 4427 unique records were identified for screening with 333
articles meeting the eligibility criteria - most of these (n=201) were conference abstracts. Two
tisagenlecleucel studies were included (reported in 8 records) and there were 325 records of clinical
trials of other therapies; these are listed by treatment category in Table 6 in the CS appendices. Of
these studies eight were of salvage chemotherapy regimens and one was of pixantrone (tabulated in
Table 7, p48 in the CS appendices). Some of the remaining studies were of single-agent
chemotherapies with or without rituximab but most were classed in the CS only as being ‘other’
studies (covering a wide range of therapies). These studies were included in the systematic review but
not used in the submission. It is unclear why the studies of single-agent chemotherapies were deemed
not to be relevant to inform comparator datasets - given the CS statement that that there is no clear
consensus on chemotherapy regimens used in later settings (Table 1 of CS). In this respect the
systematic review would have benefitted from more precise eligibility criteria to transparently justify
the effective exclusion of the large number of studies which were classed as includes.
Details of the eligible comparator studies which were deemed relevant to the decision problem scope
were presented in Table 7 in the CS appendices. This table reported intervention, population and
outcome details for eight studies of salvage chemotherapy and one study of pixantrone monotherapy,
together with notes of each study’s relevance for the submission. Notwithstanding these notes a clear
rationale was not always provided about why certain studies were judged not to be relevant
comparators for the later parts of the submission, including the cost-effectiveness analysis. For
example, the SCHOLAR-1 study8 was deemed relevant, even though only refractory (and not
relapsed) patients were included, yet the CORAL extension studies were excluded as “it is unclear
whether ‘treatment failure’ includes patients who were refractory to salvage chemotherapy in the
second-line setting”. The CS did not state why a study which only included refractory patients
(SCHOLAR-1)8 was deemed relevant but a study which was thought to perhaps only include relapsed
patients (CORAL extension study 1)6 was not relevant. The ERG found that a simple check confirmed
that refractory patients were included in CORAL: Table 2 of CORAL extension study 1 reported
responses to 2nd line regimens.6 Results were also reported in Table 2 of the main CORAL study paper
(a paper referenced in the CS).9
Although some patients from the CORAL cohort were included in the SCHOLAR-1 study cohort, the
ERG considers data from the two CORAL studies listed in Table 7 of the CS appendices to be
relevant to the submission, given the similarities between CORAL and JULIET: all patients had
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previously received rituximab, ECOG statuses of 0 or 1 at study entry, median age of around 55 years,
3rd line or greater therapy, similar IPI distributions.
Following the exclusion of the CORAL and other salvage chemotherapy studies the company
considered SCHOLAR-1 and a publication of a post-hoc subgroup analysis of the pixantrone trial
“PIX301” by Pettengel et al 201610 (identified from a manual search to identify additional data for this
trial), to be potential sources of clinical evidence for comparators in the cost-effectiveness analysis.
In the review of observational studies 1147 records were identified of which 22 studies were included.
One of these studies - which was of pixantrone monotherapy - was considered as a potential
comparator for the cost-effectiveness analysis (Eyre 20163). However, no reasons were provided
about why all the 21 remaining included studies were not deemed potential comparators. This lack of
transparency, coupled with the use of single-screening methods, means there is some uncertainty
about whether relevant studies were omitted from the cost-effectiveness analysis.
3.1.4

Quality assessment

The CS presented quality assessments for the JULIET and Schuster studies of tisagenlecleucel, the
SCHOLAR-1 study of salvage chemotherapy and two pixantrone studies: Eyre 2016 and PIX301. The
latter was an RCT, which was evaluated based on the NICE STA user guide methods; results were
reported in Table 13 of the CS appendix. The other studies were assessed using the Downs and Black
checklist in which 27 questions were answered Yes, No, or Not applicable (Table 12 of the CS
appendix). Downs and Black assessments are limited because no information is provided to support or
justify how decisions were made. Such information would have provided much needed transparency
given that no details were provided about how many researchers were involved in the quality
assessment process. Consequently, the possibility of errors or bias affecting the assessments cannot be
ruled out. Moreover, although tables of quality assessment results were presented, no interpretation
was provided about how to interpret the results i.e. quality assessments were done, but not used.
Nevertheless, for assessments like this in which separate, distinct datasets are compared, perhaps the
most important ‘quality’ issue relates to how comparable studies are and what, if any, methods were
used to adjust for confounding.
3.1.5

Summary critique of the company’s systematic review

The company’s systematic review searches and eligibility criteria were broad, encompassing the
criteria in the NICE scope. This minimised the likelihood of relevant studies being missed. Many of
the review methods described in the submission were robust; limitations included the lack of use of
the quality assessment results and single-reviewer screening for the review of observational studies.
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However, the main limitation of the reviews was that no clear, reproducible criteria were provided to
justify the exclusion of several included studies from later parts of the submission (including the costeffectiveness analysis). In light of the non-randomised nature of the treatment comparisons in this
appraisal, the ERG has concerns that relevant, useful comparator studies may have been
inappropriately excluded from later parts of the submission, including the cost-effectiveness analyses.

3.2
3.2.1

Description and critique of the submitted clinical evidence
Tisagenlecleucel studies

Patient numbers
The efficacy and safety analyses of tisagenlecleucel in the CS were based on two studies: the JULIET
trial1 and the Schuster case series.2
JULIET is an ongoing, single-arm, open-label, multicentre, phase II study of tisagenlecleucel for r/r
DLBCL and represents the primary source of clinical evidence. A CONSORT diagram illustrating the
flow of patient numbers through the different trial phases was presented on p107 of the CS appendices
(Figure 3). At the time of the latest data cut-off date (8th December 2017) 165 patients had enrolled.
However, only around two-thirds of these patients went on to receive tisagenlecleucel
(111/165=67%). The three main reasons for not receiving tisagenlecleucel were
**********************************************************************************
********************************The CS detailed the three different analysis sets used in the
submission (Table 8, p37). These were called the ‘full analysis set’ and the ‘safety set’ which both
consisted of all patients who received tisagenlecleucel and the ‘efficacy analysis set’ which consisted
of patients who received tisagenlecleucel at least 3 months prior to the data cut-off date. The ERG
notes that the ‘full analysis set’ excludes patients who did not receive tisagenlecleucel so is not an
analysis set of the ‘intention to treat’ population (which would involve analysing data from all 165
enrolled patients). Consequently, the ERG requested results data which included patients who were
enrolled but who did not receive tisagenlecleucel. Details were also provided on the same page of the
CS about the different data cut-off points used in the submission. Results for all key outcomes were
presented in the submission for the latest data cut-off date (8th December 2017).
The Schuster case series recruited 23 patients with r/r DLBCL. The study also enrolled patients with
follicular lymphoma. Fourteen of the 23 DLBCL patients enrolled (61%) went on to receive
tisagenlecleucel. The CONSORT flow diagram – which included the reasons for tisagenlecleucel not
being infused - relates to the complete cohort (not DLBCL specifically).
Methods
A summary table methods used in the JULIET trial and Schuster case series was presented in the CS
on p31 (Table 5). Enrolled patients in JULIET - the pivotal study of tisagenlecleucel - had to have
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relapsed or refractory disease after ≥ 2 lines of chemotherapy, including rituximab and anthracycline.
The ERG notes that 5 recruited patients did not appear to be eligible as they had received only one
prior line of chemotherapy (Table 6 in CS). For the purposes of this appraisal other key inclusion
criteria are the restrictions of including only patients with:


ECOG performance status grades of 0 or 1,



Life expectancy of ≥12 weeks



Failed autologous SCT, or ineligible for or not consenting to autologous SCT

These three criteria mean that the population enrolled in JULIET does not fully represent the r/r
DLBCL population awaiting third-line treatment in the NHS. The study population is restricted to
patients with a particular fitness and life expectancy and excludes patients who are eligible for
autologous SCT. Consequently, there is no evidence from JULIET on the efficacy/safety of
tisagenlecleucel in these patient subgroups.
One of the population assumptions in the company’s submission is that at 3rd line or later settings
salvage chemotherapy or pixantrone are given with palliative intent. The ERG’s clinical adviser was
of the opinion that patients who were fit enough might receive a non-cross resistant salvage therapy
such as ICE or IVE at third line, with the possibility of proceeding to autologous SCT.
The subgroups of patients where chemotherapy or pixantrone are usually given with palliative intent
include:


Patients unfit for autologous SCT due to age or significant comorbidities



Patients for which there was a failure to mobilise stems cells for autologous transplant



Patients who relapsed following autologous SCT



Patients with inadequate response to intensive salvage chemotherapy at the 3rd line or later
settings

The first of these are unlikely to have been fit enough to enrol in JULIET. The ERG’s clinical adviser
considered the fitness criteria for receiving autologous SCT and tisagenlecleucel to be similar i.e. a
patient unfit for autologous SCT would likely be unfit to receive tisagenlecleucel. It therefore appears
that much of the JULIET population must have been comprised of the other patient groups listed
above. These population issues are important since the submission analyses rely on non-randomised
comparisons so the populations in comparator therapy studies should reflect the population enrolled in
JULIET as closely as possible whilst also considering the patients who are likely to be candidates for
tisagenlecleucel in the NHS setting.
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Once enrolled leukapheresis was conducted to collect cells for manufacture. Bridging chemotherapy –
for stabilising disease whilst patients waited for tisagenlecleucel manufacture and infusion - was
received by 102/111 patients. Lymphodepleting chemotherapy (for patients with a white blood cell
count of >1000 cells/µL) was also received by 103/111 patients. Details of these therapies were
presented on p27 of the CS.
Summary of JULIET trial efficacy results
Results presented in this section are for the latest data cut-off date unless otherwise stated. The
primary outcome was ORR (CR or PR) as determined by independent review committee assessment;
for the 93 patients followed up for ≥3 months the ORR was 51.6% (48/93 95% CI: 41.0, 62.1), with
39.8% of patients achieving a CR and 11.8% achieving a PR. The ORR based on local investigator
assessment was **********************************
The median PFS time was********************************and the median OS was 11.7
months (95% CI: 6.6 to not evaluable). The estimated OS and PFS probabilities are presented in
******1. The 95% confidence intervals illustrate the considerable uncertainty across these results.
This is also reflected in the Kaplan-Meier plot (Figure 7 of the CS) which showed censoring of
patients across many time points.
******1************************************************************************
Outcome

Follow up time
point (months)

% Overall survival (95% CI)

% Progression-free survival (95% CI)

3

**************

**************

6

**************

**************

9

**************

**************

12

49 (39 to 59)

**************

The CS also reported OS results for the 54 patients who were not infused with tisagenlecleucel
(median OS *** months) together with Kaplan-Meier curves for infused and non-infused populations
separately (Figure 8 in the CS). In a point for clarification the ERG requested a KM curve for the full
(ITT) population of all *** patients from the time of enrolment (see *******2 below).
The ERG made the same request – for full ITT data – relating to PFS. However, the company response
response stated that PFS was not assessed for patients who did not receive an infusion of tisagenlecleucel
tisagenlecleucel and therefore Kaplan-Meier curves of PFS for non-infused patients and the full ITT
population could not be generated. For PFS the JULIET study protocol stated that patients who
proceeded to SCT after tisagenlecleucel infusion were censored at the time of SCT. The CS added that at
at the latest data cut-off *** patients had received subsequent SCT (all *** patients received an allogeneic
allogeneic SCT and *** patient also received an autologous SCT). However, the CS presented PFS results
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results without censoring for SCT (p43). The ERG therefore requested results with censoring and based
based on the local investigator assessment (
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*******3). When compared to Figure 9 in the CS this resulted in a small reduction in median PFS
from **************************** to *********************.
*******2**************************************************************************
**********************
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*******3**********************************************************************************
*********************)

EQ-5D data were not collected in the JULIET trial. The CS reported that “clinically meaningful
improvements” had been observed at month 3 for the primary analysis dataset in FACT-Lym, a
validated questionnaire to assess the HRQoL in patients with lymphoma. However, the CS also stated
that minimally clinically important difference (MCIDs) were not reached. Summary results data of
FACT-Lym scores were presented (Table 11, CS) although the cited reference on MCIDs was not
supplied.
Subgroup results
The ERG requested KM curves for PFS and OS based on whether or not patients achieved a complete
response or an ORR at 3 months. The results, presented below in *******4*********5*********6
and
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*******7 show the importance of achieving a CR with respect to the PFS and OS outcomes – all 55
patients who did not achieve a response had either died or had progressed disease by around the 3
month time point. Patients who did not achieve a response include those with stable disease,
progressed disease and those with unknown response status.
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*******4************************************************************************************************
*********************************************

*******5************************************************************************************************
*****************

********6 ***********************************************************
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*******7**************************************************************************
***************************

*******8*****************************************************************************

*******9**************************************************************************
***************

Subgroup results for ORR were also presented on pages 52-53 of the CS. These suggested possible
subgroup effects for age (lower ORR for < 40 years) and prior response status (lower ORR for
patients refractory to last treatment). The ERG requested K-M plots for OS and PFS by specific
subgroups. These suggested that age (*******8 and *******9) and International Prognostic Index
(*******10 and *******11) may be important factors in predicting PFS. However, the patient
numbers in these analyses were small so any suggestion of a subgroup effect is highly uncertain.
Subgroup analyses of ECOG performance status (0 or 1) were not available.
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*******10*************************************************************************
*********************

*******11*************************************************************************
*********************
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*******12*************************************************************************
*********************

*******13*************************************************************************
*********************

ERG summary of JULIET study
The company’s main evidence for the effectiveness of tisagenlecleucel came from an ongoing, singlearmed study (JULIET). The use of a single-arm trial design can be justified when patients from small
populations with limited treatment options are being studied, since recruitment difficulties to a
randomised trial would be anticipated.
However, the patients enrolled in JULIET do not fully reflect the spectrum of patients awaiting third
line treatment in the NHS: patients who were eligible for autologous SCT and patients with ECOG
status grades of ≥2 were excluded from JULIET. Since JULIET has - by design - no comparator
group, this restricted generalisability of its results has important implications when considering the
position of tisagenlecleucel in the treatment pathway, the suitability of comparator datasets, and
population assumptions used in the economic modelling. Appropriate outcomes were assessed in
JULIET, but the immaturity of the results data available to date means there is uncertainty regarding
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the robustness of the OS and PFS results. The OS results in particular are affected by censoring of
patients across many time points.
3.2.2

Meta-analysis of tisagenlecleucel studies

The small Schuster case series study (n=14) had longer follow up (median 28.6 months) than JULIET
(median **********). These two datasets were pooled directly, without adjustment, to increase the
follow up time and sample size (to n=125) to derive estimates of PFS and OS. Pseudo patient-level
data were used for the Schuster study as IPD were not available. Although there were some
differences between the studies (see p54 of the CS) the decision to pool appears reasonable given the
baseline data presented in Table 14 of the CS. Results for PFS and OS were similar to those for
JULIET and were presented on p56-57 of the CS.
3.2.3

Comparator treatment studies

From the systematic reviews of clinical trials and observational studies of comparator therapies the
studies judged to be most relevant by the company were Eyre 2016,3 PIX-30110 which were both
studies of pixantrone, and SCHOLAR-1 which was a study of salvage chemotherapies. The Eyre 2016
study3 was selected for the base case cost-effectiveness analysis 8 and data from SCHOLAR-1 and
PIX301 were utilised in scenario analyses. Key baseline characteristics of these studies are presented
in Table 2.
3.2.3.1

Eyre 2016

The CS stated that the Eyre 2016 study3 was selected for the base case cost-effectiveness analysis
because of:


Its real world relevance to clinical practice



Clinician advice that survival outcomes are representative of 3rd or later line patients in the
UK



Limitations of the SCHOLAR-1 and Pettengel (PIX301) studies.

However, the ERG notes that the CS did not report limitations of the Eyre 2016 study. In section
B.2.8.1 of the CS which relates to uncertainties in the indirect comparisons the company stated only
that “No adjusted indirect treatment comparison has been presented”. The ERG have several concerns
about the unadjusted indirect comparisons and the relevance of the Eyre study as an appropriate
comparator.

25th July 2018

47

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

Table 2 Patient baseline characteristics of the JULIET tisagenlecleucel trial compared with the comparator studies (adapted from CS Table 15)
Characteristic

SCHOLAR-1
(N=623)

PIX301
Eyre 2016

JULIET
(N=111)

58.0 (26–77)

65.9 (20.3–
85.9)

56.0 (22.0-76.0)

62

51.1

66

****

73

-a

-a

46

***

14

-

a

-

a

54

*

13

-

a

-

a

0

*

Stage I or II

27

26.0

25.5

10

****

Stage III or IV

72

74.0

74.5

90

****

Missing

<1

-

-

-

***

-

-

-

-

***

<2 risk factors

25

24.0

27.7

6

****

≥2 risk factors

-

76.0

72.3

-

****

Low-intermediate risk (2 points)

24

-

-

21

*

High-intermediate risk (≥3 points)

33

-

-

73

*

18

-

-

-

*

Primary refractory

28

-

-

-

-b

Refractory to ≥2nd line therapy

50

-

-

-

-b

Relapsed ≤12 months post-autologous
SCT

22

-

-

-

-

-

3.0 (2–9)

3.0 (2–8)

2.0 (1.0–6.0)

-

Pixantrone
monotherapy (n=50)

IC
(n=47)

55 (19–81)

60.0 (28–80)

Male, %

64

ECOG performance status, %
0 or 1

Age (years), median (range)

2−4
Missing
Disease stage, %

Unknown
IPI, %

Missing or incompletely assessed
Refractory category, %

Median number of prior lines of
therapy (range)
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Total number of lines of chemotherapy
and autologous SCT received, %
1

28

2

49

3

<1

≥4
Previous rituximab, %
a

-

-l

-

-l

-

-l

-

-

-l

55.3

99

100

-

-

-

-

-

-

100

60.0

Patients were eligible if they had ECOG 0–2 b Reported in the JULIET trial as patients who were refractory to all lines prior to HSCT (n=***%), refractory to all lines without prior HSCT

(n=****%), refractory to last line but not all lines with prior HSCT (n=***%), and refractory to last line but not all lines without prior HSCT (n=***%) (total *** l Reported as the number of
prior lines of anti-neoplastic therapy in the JULIET trial: 1 (***%), 2 (***%), 3 (***%), 4 (***%), 5 (***%) and 6 ***%)
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These concerns relate to important differences in prognostic factors between JULIET and Eyre 2016.
Disease stage, ECOG performance status, IPI risk category and age have all been identified as
important, or potentially important, factors which are predictive of outcomes.8 A table of baseline data
was presented in the CS which compared the characteristics of the comparator studies with the
JULIET trial. In the absence of a randomised trial any comparator study should have baseline
characteristics which are similar - with respect to prognostic factors - to the study of the intervention
being appraised (i.e. JULIET). Based on the submission baseline data (see Table 2) the ERG does not
consider it reasonable to assume the JULIET and Eyre study populations are similar enough to make
unadjusted comparisons of outcomes. In fact there are considerable differences between the
populations in terms of age, ECOG status, disease stage and International Prognostic Index. The
imbalances in these factors across the two studies are such that any comparison of outcomes would be
biased in favour of the JULIET study.
No patients in the Eyre 2016 study went on to receive SCT suggesting that treatment was given with
palliative intent. The ERG’s clinical adviser’s opinion was that patients unfit for autologous SCT
would also be unfit for CAR T-cell therapy (i.e. the fitness criteria for the two therapies will overlap
considerably). Considering the baseline data on ECOG status, median age, disease stage and IPI risk
factors it appears likely that a substantial proportion of patients in the Eyre 2016 study would not have
been fit enough for CAR T-cell therapy (were it available). This, together with the aforementioned
imbalances in important prognostic factors, makes the Eyre 2016 study a rather inappropriate choice
as a comparator group for JULIET.
3.2.3.2

PIX31 and SCHOLAR-1 studies

For the pixantrone PIX301 subgroup study10 the limitations stated in the CS were:


Post-hoc analysis of data from a small subgroup of third-line or later patients who had
previously received rituximab (n=30 pixantrone, n=26 comparator)



Kaplan-Meier plots not available for this subgroup (presenting challenges for extrapolating
survival outcomes)



Outcomes no longer deemed to represent outcomes achieved in UK practice

The ERG notes that a KM plot is available in PIX301 for PFS, though not for OS. The PIX301
subgroup is small, but the ERG considers that it appears to be a reasonable comparator study for
JULIET population. However, baseline data are only available for the larger cohort of pixantrone
patients (n=50) reported in the Pettengel paper10 rather than just for the subgroup who have had prior
rituximab (n=30). The PIX301 subgroup patients appear to be a little less fit than those in JULIET - in
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terms of ECOG performance status, age, and disease stage – but are quite similar in terms of IPI
(Table 2 above). Nevertheless, the comparisons between PIX301 and JULIET were unadjusted, and
still prone to bias.
The context of the results of any comparison between PIX301 and JULIET should also be considered.
It should be remembered (see section 2.1.1) that in the JULIET trial patients eligible for SCT were
excluded (although these patients are encompassed by the anticipated licence for tisagenlecleucel).
Similarly, the CS stated that no PIX301 patients went on to receive SCT, indicating that the two
studies were well matched in this respect. For these patient populations an assumption of a very low
or zero rate of subsequent SCT seems reasonable. However, this also means that results derived from
comparing these two studies relate only to patients who are not eligible for autologous SCT i.e. the
population being considered is one whose standard of care treatment would likely be palliative.
The limitations of the SCHOLAR-1 study stated in the CS were:


Inclusion of only refractory (and not relapsed) patients



Higher rate of subsequent stem cell transplant than would be expected in practice

The CS also noted the inclusion of patients who were refractory to 1st line therapy as a limitation,
although acknowledged that subgroup results data were available which excluded these patients. The
ERG notes that although the two studies appear broadly comparable in terms of important prognostic
factors one key difference is that SCHOLAR-1 included patients with an ECOG performance status of
between 2-4 (14%) or with missing (unknown) ECOG performance status (13%). This in contrast to
JULIET where all patients had to have an ECOG status of 0 or 1 to be eligible.
As noted in the CS, the rate of subsequent SCT following chemotherapy was quite high in
SCHOLAR-1 (29%). Therefore, any comparison between JULIET and SCHOLAR-1 relates not to a
population receiving palliative treatment (as was the case for PIX301) but rather to a population
receiving intensive salvage chemotherapy with a view to possible SCT. Since such patients were
excluded from JULIET any comparison must assume that tisagenlecleucel has the same efficacy and
safety for these (SCT eligible) patients as for those included in JULIET. The ERG’s clinical adviser
estimated a subsequent SCT rate of about 20% for the subgroup of patients who are fit enough to
receive non-cross resistant intensive salvage chemotherapy at 3rd line.
3.2.3.3

CORAL

As discussed in section 3.1.3 the ERG has concerns about how the above studies were selected from
the company’s systematic review because of the possibility that relevant, informative ‘included’

25th July 2018

51

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

studies were excluded from the submission analyses. The ERG considers the CORAL extension
studies of salvage chemotherapies detailed on p48-49 of the CS appendices to be relevant to the
submission. Although the baseline data reported in the CORAL extension study of patients receiving
3rd line chemotherapy were somewhat limited, 30% of patients had a baseline IPI of 0 or 1 and the
median age was 55 years.6 This matches well with patients in JULIET where the respective figures
were 27% and 56 years. Also, all patients in the CORAL extension study had previously received
rituximab (as in JULIET). Moreover, this study reports OS results according to whether or not SCT
was performed. A limitation of this cohort is that proportion of the 203 patients were in response
(CR, n=26; PR, n=30) at withdrawal from the initial CORAL study. Reasons for categorising
responding patients as a ‘treatment failure’ included toxicity, failure to mobilise stem cells,
radiotherapy given or investigator decision because of residual mass present. An editorial on the study
noted that objective responses could still be achieved after third line by switching to non-crossresistant therapies, adding that the CORAL results should constitute the control arm against which
new drug combinations including novel candidate targeted therapies ought to be tested.11
Regardless of the studies chosen to estimate comparator effectiveness, the company’s approach to
comparing the effectiveness of tisagenlecleucel to other chemotherapy treatments was by naïve
unadjusted comparisons. Results from such comparisons are inherently prone to bias since adequate
adjustment for important prognostic indicators has not been made. The ERG noticed that the decisionproblem document provided by the company stated that a matching-adjusted indirect comparison
(MAIC), had been conducted using individual patient-level data from the JULIET trial and summary
data from the SCHOLAR-1. The ERG requested these results.
The company response stated that the MAIC was not submitted since the overall SCHOLAR-1 patient
population did not adequately reflect the licensed patient population of interest due to the high rate of
SCT and because over a quarter of patients had received just one prior therapy. They added that since
baseline characteristics were not available for the more relevant SCHOLAR-1 subgroups used in the
CS scenario analyses (patients refractory to second- or later-line therapy, and relapsed ≤12 months
after autologous SCT), it was not possible to conduct MAIC analyses for this subgroup. The lack of
baseline data for the PIX301 subgroup was also stated for a MAIC analysis not being possible for
comparing PIX301 with JULIET.
3.2.3.4

Summary of comparator therapy studies

The comparative analyses in the submission relied on unadjusted, non-randomised comparisons
making it important that the comparator therapy studies reflect the population enrolled in JULIET as
closely as possible, whilst also considering the patients who are likely to be candidates for
tisagenlecleucel in the NHS setting (i.e. patients encompassed by the license but excluded from
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JULIET). The ERG have concerns about the relevance of the Eyre study as an appropriate comparator
since there are very important differences in prognostic factors between JULIET and Eyre 2016. The
ERG does not consider it reasonable to assume the JULIET and Eyre study populations are similar
enough to make unadjusted comparisons of outcomes. Moreover, considering the baseline data on
ECOG status, median age, disease stage and IPI risk factors it appears likely that a substantial
proportion of patients in the Eyre 2016 study would not have been fit enough for CAR T-cell therapy
(were it available). This, together with the imbalances in important prognostic factors, makes the Eyre
2016 study a rather inappropriate choice as a comparator group for JULIET.
Comparisons between JULIET and the PIX301 study seemed more relevant in terms of the
populations appearing to be broadly similar. However, the results relate only to patients who are not
eligible for autologous SCT i.e. the population being considered is one whose standard of care
treatment would likely be palliative. Comparison between JULIET and SCHOLAR-1 relates not to a
population receiving palliative treatment (as was the case for PIX301) but rather to a population
receiving intensive salvage chemotherapy with a view to possible SCT. Since such patients were
excluded from JULIET any comparison must assume that tisagenlecleucel has the same efficacy and
safety for these (SCT eligible) patients as for those included in JULIET. Consequently there is
considerable uncertainty about the comparative effectiveness estimates. Key issues to consider when
evaluating results derived from these comparisons are the treatment pathway points being considered
for tisagenlecleucel in the NHS and the difference between tisagenlecleucel’s licensed indication and
the tisagenlecleucel study populations (the former being broader than the latter).
3.2.4

Adverse events

In the clinical effectiveness section of the CS adverse event data were reported on pages 68-74.
Adverse events were assessed in patients who received tisagenlecleucel in the JULIET trial (n=111)
and Schuster case series (n=28, 14 DLBCL and 14 FL).
In the JULIET trial ******************************************* had an adverse event and
grade 3 or 4 adverse events occurred in *** of patients. The rate of serious adverse events was ***.
Most AEs occurred within 8 weeks of tisagenlecleucel infusion. ****************** patients
experienced a grade 3 or 4 AE during the pre-treatment lymphodepleting chemotherapy period.
Cytokine release syndrome (CRS) was the most common AE post-infusion of tisagenlecleucel,
occurring in **% of patients; 13.5% of patients had grade a 3 CRS event and 8% had grade 4 CRS.
************ of the ** patients with CRS were admitted to an intensive care unit for a median
duration of *** days; ** patients received tocilizumab and ** received corticosteroids. No patients
died due to CRS. Anaemia was the most common AE from 8 weeks to 1 year post tisagenlecleucel
infusion being experienced by ***** of patients.
25th July 2018

53

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

Table 21 of the CS detailed data on ‘AEs of special interest’ which are based on tisagenlecleucel’s
mechanism of action/known targets. These included CRS, tumour lysis syndrome, febrile neutropenia,
infections, neurological events and haematopoietic cytopenias not resolved by day 28.
**********************************************************************************
*The ERG requested data on incidence of B-cell aplasia but the company stated that this was not
recorded in JULIET adding that it was instead assumed that all patients with decreased blood
immunoglobulin G, decreased immunoglobulins, hypogammaglobinaemia and immunodeficiency
common variable (any grade, as reported in the JULIET trial) would receive IVIG treatment. The
incidences of these adverse events are reported in ******3.
******3************************************************************************
All patients (N=111)
Number of patients with at least one AE, n (%)

All grades
n (%)

Grade 3
n (%)

Grade 4
n (%)

Total

*********

*******

*

Blood immunoglobulin G decreased

*******

*******

*

Immunoglobulins decreased

*******

*

*

Hypogammaglobulinaemia

*******

*******

*

Immunodeficiency common variable

*******

*

*

Data on adverse events for the comparator studies were not presented in section B.2.9 of the CS.
Summary of adverse events
Adverse events are likely to occur in all patients and serious adverse events in most patients who
receive tisagenlecleucel. Cytokine release syndrome, anaemia and neurological adverse events often
occur following tisagenlecleucel treatment. Incidence of B-cell aplasia was not recorded in the
JULIET trial which is surprising given that B cell aplasia is often associated with CAR T-cell therapy.
Other adverse events may become evident over time, which may be different from those already
observed, but only long-term term follow up data will clarify this.

3.3

Conclusions of the clinical effectiveness section

Although the tisagenlecleucel studies (when combined) yielded results for a sizeable cohort of 3rd line
or greater r/r DLBCL patients, the population enrolled does not fully reflect the spectrum of patients
awaiting third line treatment in the NHS, nor the anticipated licensed indication. Moreover, the results
data are still quite immature and the tisagenlecleucel studies do not have comparator groups.
The main limitation of the company’s systematic reviews was that no clear, reproducible criteria were
provided to justify the exclusion (from later parts of the submission) of several studies classed as
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review ‘includes’. In light of the non-randomised, unadjusted treatment comparisons used in this
appraisal the ERG has concerns that relevant, useful comparator studies may have been
inappropriately excluded from later parts of the submission.
For the comparator studies which were used, the ERG have serious concerns about the relevance of
the Eyre 2016 pixantrone study (used in the base case) as an appropriate comparator dataset since
there are very important differences in prognostic factors between JULIET and Eyre 2016; it appears
likely that a substantial proportion of patients in the Eyre study would not have been fit enough for
CAR T-cell therapy (were it available). Key issues to consider when evaluating results derived from
comparisons of JULIET with the PIX301 and SCHOLAR-1 studies are the treatment pathway points
and types of patient being considered for tisagenlecleucel in the NHS and the difference between
tisagenlecleucel’s anticipated licensed indication and the tisagenlecleucel study populations recruited
(the former being broader than the latter). In particular, distinction should be considered regarding the
treatment of patients due to receive a 3rd line non-cross resistant chemotherapy which is more intense
(i.e. with a view to possible SCT) and patients who may be eligible for more intensive therapies at 4th
line (or greater). Another issue which could be particularly important in these populations is that the
time period between the decision to treat and receipt of treatment, is likely to be longer for
tisagenlecleucel (3-4 weeks) compared with salvage chemotherapy (1-2 weeks); around 10% of the
patients enrolled in the JULIET study died before they could receive a tisagenlecleucel infusion.
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4

Cost Effectiveness

This section reviews and critiques the economic evidence submitted by the company and the
additional information provided in response to the points for clarification. The submission was subject
to a critical review on the basis of the company’s report and by direct examination of the electronic
model. The critical appraisal was conducted with the aid of a checklist (Appendix 9.1) to assess the
quality of the economic evaluation and a narrative review to highlight key assumptions and
uncertainties.

4.1

ERG comment on company’s review of cost-effectiveness evidence

The CS describes the search strategies used to identify relevant cost-effectiveness studies for the
treatment of adult patients with r/r DLBCL who have failed at least two previous treatment regimens.
The search strategies are summarily described in the main body of the CS (p82) and full details are
provided in Appendix G.
4.1.1

Searches

The following databases were searched for studies published from 1st January 2002 through 31st
December 2017 via Ovid SP: MEDLINE (including MEDLINE In-Process and other non-indexed
citations); EMBASE; Cochrane Central Register of Controlled Trials, CDSR DARE, American
College of Physicians (ACP) Journal Club, Cochrane Controlled Trials Register (CCTR), Cochrane
Methodology Register (CMR), Cochrane HTA Database, NHS Economic Evaluation Database
(NHSEED), and EconLit. The search strategies are reproduced in Tables 19 in Appendix G of the
CS. However, it is not clear whether this search was conducted on the 6th February or on the 24th
November 2017, as both dates are mentioned in the CS and Appendix G.
HTA websites, conference proceedings and other relevant websites, were also searched from the 1st
January 2015 to 31st December 2017 on the 15th to 25th January, 2018 to identify potentially relevant
posters and abstracts. The search terms used were: DLBCL, Diffuse large B-cell lymphoma, NHL,
and Non-Hodgkin Lymphomas.
As one search strategy was undertaken to search across all databases at once it is difficult to clarify
the search process and results for each of the individual databases searched. The overall structure of
the strategy seems to be appropriate and there are no errors in how the sets are combined nor
typographical errors within the search terms used. The ERG considers that a thorough and
comprehensive attempt was made to identify relevant cost-effectiveness studies.
4.1.2

Inclusion/exclusion criteria used for study selection

The inclusion/exclusion criteria are summarised in Table 20 (Appendix G) of the CS and follow the
usual PICOS framework. In brief, the review included any cost-effectiveness studies reporting
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HRQoL or resource use estimates, of any treatments for adult patients with r/r DLBCL published in
English. Letters, editorials, case reports, and case series were excluded. Articles were independently
assessed by two reviewers against each eligibility criteria. Any uncertainty regarding the inclusion of
studies were checked and judged by a third reviewer.
The ERG considers that the inclusion/exclusion criteria appear to be appropriate
4.1.3

Studies included and excluded in the cost effectiveness review

The CS presented a PRISMA flow diagram summarising the number of records included and removed
at each of the review stage (Appendix G; Figure 5, CS).
A total of 296 potentially relevant articles were identified in the cost-effectiveness review. 243 studies
remained after the removal of duplicates, and 225 of these were subsequently excluded at the primary
screening stage. The remaining 18 studies were assessed in full. No additional records were identified
from conference proceedings or searches of HTA or other relevant websites.
In total, two studies were considered to meet the eligibility criteria for the review. These studies
included an Australian study evaluating high-dose chemotherapy for the treatment of 3rd/4th line
NHL12 and a published UK cost-effectiveness study13 based on another company’s submission for
pixantrone as part of NICE TA 30614. The studies were summarised in Table 24 (CS, p83) with
further data extracted from these studies presented in Appendix G. A quality assessment of the studies
was also reported in Appendix G. No published cost-effectiveness studies of tisagenlecleucel were
identified.
Although the two studies identified are not directly relevant to informing the cost-effectiveness of
tisagenlecleucel, the ERG notes that the potential relevance of the existing model structures, data
inputs and assumptions were not formally discussed in the CS.
The summary table of published cost-effectiveness studies (Table 24, CS, p83) also included an
additional US study recently published by the Institute for Clinical and Economic Review (ICER)15.
The ICER study reported on the cost-effectiveness of another CAR T-cell therapy, axicabtagene
ciloleucel (axi-cel), versus salvage chemotherapy for chemotherapy for adult patients with r/r DLBCL
after two or more lines of systemic therapy. The ICER evidence report for axi-cel was identified
separately from the systematic review and hence was not formally included within the company’s
review or quality assessment.
In response to clarification questions, the company provided a short summary and critique of the
ICER study, as well as highlighting important similarities and differences between the approach used
in the company’s de novo economic analysis and the US ICER analysis (Table 2 of response to
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clarification questions). Although the US ICER study does not directly inform the cost effectiveness
of tisagenlecleucel, the ERG considers that the general approach (including the model structure, key
assumptions and the evidence base used to inform existing clinical practice) is relevant. A brief
summary of the ICER study is reported below. Further details of the main similarities and differences
in approaches are provided in the validation section of the ERG report.
The US ICER study evaluated the clinical and cost-effectiveness of axi-cel versus chemotherapy for
adults ages 18 years and older with relapsed/refractory aggressive B-cell lymphoma who are ineligible
for ASCT. The study was based on a US third-party payer perspective and costs and outcomes were
discounted at 3% per year.
The economic model included three-parts: (i) a short-term decision tree characterising the period from
the initiation of treatment (axi-cel or chemotherapy) to the initial response assessment (approximately
one month); (ii) a partitioned survival analysis model characterising the time period between the
initial response assessment and five-years and (iii) a Markov model from five-years until death. The
complete model was referred to as a semi-Markov partitioned survival model and a graphical
summary of the structure is provided in Figure 14.
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Figure 14 US ICER model structure for axi-cel

The short-term decision tree was used to determine the costs and outcomes from the initiation of each
treatment through to the initial assessment of response (approximately one month) and receipt of SCT.
The decision tree started from the point that patients were considered eligible for axi-cel and
underwent the initial leukapheresis procedure.
Following assessment of response and potential receipt of SCT, the patient cohort moved from the
decision tree to the partitioned survival analysis model which included three health states: 1) alive and
responding to treatment; 2) alive and not responding to treatment; and 3) death from B-cell
malignancy or other causes. Transitions between health states were based on parametric
extrapolations of progression-free survival (PFS) and overall survival (OS) curves up until five years.
PFS and OS data for axi-cel were sourced from the Phase 2 cohort of the ZUMA-1 study (n=101), a
manufacturer led single arm trial. OS data for the comparator chemotherapy strategy was sourced
from the SCHOLAR-1 study of salvage chemotherapy. In the absence of PFS data reported in the
SCHOLAR-1 study, PFS data was estimated based on assuming a proportional relationship between
PFS and OS from an external study. The parametric survival analyses were based on pseudo patient
level data (i.e. by recreating individual patient data from published Kaplan Meier curves).
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A separate Markov model was then used to characterise the period from five years until death.
Patients who were alive and responding to treatment at five-years were assumed to be long-term
survivors and effectively ‘cured’. Mortality after five years was based on the general population ageand gender-adjusted all-cause risks of mortality, with adjustments made for excess mortality (using a
standardised mortality ratio [SMR]). No excess mortality was assumed in the base-case.
One-way sensitivity analyses and scenario analyses were undertaken to identify the key drivers of
model outcomes. The key drivers were: the outcome discount rate; the utility estimate for the “alive
and responding to treatment” health state; the SMR; the duration of intravenous immunoglobulins
(IVIG) therapy and the survival assumptions.
4.1.4

Conclusions of the cost effectiveness review

The CS did not identify any previous cost-effectiveness analyses assessing tisagenlecleucel. The
company also did not make any statements as to the appropriateness of the studies identified for other
interventions to inform the modelling of tisagenlecleucel.
Although the ERG considers the company’s model to provide the most relevant evidence for the costeffectiveness of tisagenlecleucel, the US ICER study provides an important basis for comparing key
structural assumptions, data sources and parameter uncertainties.

4.2

ERG’s summary and critique of company’s submitted economic evaluation

The company presented a de novo analysis based on a short-term decision tree (for tisagenlecleucel
treatment group) and three health state (pre-progression, post-progression and death) partitioned
survival analysis (PartSA) model. The ERG notes that the model structure appears similar to the
structure proposed in the US ICER report.
A summary of the company’s economic evaluation is presented on Table 4, with justifications for key
aspects and signposts to the relevant sections of the CS. The ERG has considered the methods applied
in the company’s economic evaluation in the context of a detailed checklist, reported in Appendix 9.1.
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Table 4 Overview of the company’s economic evaluation
Approach
Cost-effectiveness (cost-utility) analysis using a
partitioned survival analysis (PartSA) approach.
Model

A short-term decision tree is applied to the
tisagenlecleucel arm to model discontinuation or
death prior to infusion with the cell product.

Source / Justification

Location in CS

PartSA approach allows modelling relevant outcomes (PFS and OS). The model
structure is stated to be in line with the clinical pathway of care for the treatment of
r/r DLBCL and be consistent with previous economic evaluations submitted to NICE
in r/r DLBCL.

Section B.3.2.2; p84-86

The decision tree captures the costs and outcomes associated with events between the
decision to treat with tisagenlecleucel and subsequent infusion with the cell product.
The decision tree tracks patients from the point of identification for eligibility for
treatment with tisagenlecleucel and initial leukapheresis, capturing events during the
pre-treatment stage.

States and
events

The events considered by the decision tree and
preceding infusion with tisagenlecleucel are: 1)
continuation to infusion, 2) discontinuation due to
AEs or manufacture failures, and 3) death.

After leukapheresis, patients subsequently followed one of three possible pathways:
1) continue to infusion with tisagenlecleucel; 2) discontinue prior to infusion with
tisagenlecleucel because of adverse events or manufacturing failure; or 3) die before
receiving the infusion. Patients who discontinued prior to infusion due to adverse
events or manufacture failures were assumed to receive the costs and outcomes of
salvage chemotherapy. Patients who died prior to infusion were assumed to accrue
no further costs or QALYs beyond those assigned within the decision tree.

The PartSA model contains 3 states: progression
free (PF), progressed disease (PD) and death.

The PartSA model health states reflect disease progression and patient survival for
the alternative treatments.

Section B.3.2.2; p84-86

Entry to the PartSA model for the tisagenlecleucel treatment group is made from the
continuation to infusion arm of the decision tree. Comparator therapies do not
require pre-treatment and therefore, patients treated with the comparator regimens
enter the model via the PF state of the PartSA model.

Comparators

Tisagenlecleucel was compared to:
 Salvage chemotherapy composed of either:

[R-]-GemOx

[R-]- GDP
 Pixantrone monotherapy
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Approach

Source / Justification

Location in CS

[R-]-GemOx was considered a comparator despite not being included on the NICE
scope, because it may be used on patients less able to tolerate intensive
chemotherapy regimens.
R-ICE, R-IVE and R-DHAP were not considered in the company’s submission,
despite being listed on the NICE scope. The company justified this based on clinical
opinion that these regimens are used in anticipation of the patient receiving
subsequent SCT following a response to salvage chemotherapy, and that few patients
at the third-line of therapy or later would go on to receive a subsequent SCT in UK
clinical practice.
Pixantrone monotherapy has been recommended by NICE for tisagenlecleucel’s
proposed indication provided that patients had been previously treated with
rituximab.
Natural
History

Based on partitioned survival model. Transitions
were based on the JULIET and Schuster 2017
[NCT02030834] single arm trials and the Eyre et
al 2016 observational study.

Clinical outcomes included PFS and OS.

Treatment
effectiveness

Tisagenlecleucel OS and PFS were extrapolated
from JULIET and Schuster 2017 [NCT02030834]
pooled patient level data using mixture-cure
survival models.
Comparator OS and PFS was extrapolated based
on pseudo-IPD generated from Eyre et al, 2016
Kaplan-Meier published data using single
standard parametric models.
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PFS and OS estimates were modelled independently, with the proportion of
progressed patients at each cycle, calculated as the difference between the OS and
PFS curves.

Section B.3.2.2; p89-91
Section B.3.3.2; p92-94

In the base-case analysis, an uncontrolled comparison was established between the
pooled patient level data of two tisagenlecleucel single arm trials (JULIET and
Schuster 2017) and pseudo IPD from an observational study of UK patients treated
with pixantrone (Eyre et al 2016).
Alternative sources of evidence were considered for the comparator arm in scenario
analyses. Adjusted PIX301 pseudo IPD data, an RCT comparing pixantrone
monotherapy to investigator’s choice chemotherapy (IC), was used to inform the OS
and PFS of pixantrone and salvage chemotherapy in one of the analyses. Another
analysis used the pseudo-IPD data from two subgroups (1) refractory to second- or
later-line therapy, and 2) relapsed ≤12 months of autologous SCT) of SCHOLAR-1,
a retrospective database study, to inform the OS of salvage chemotherapy. As
SCHOLAR-1 does not report PFS data, PFS for salvage chemotherapy in this
scenario was generated by applying a HR for PFS versus OS to the extrapolated OS
curve. The HR applied to generate the PFS curve was based on the mean cumulative
HR from the CORAL study, which was one of the RCTs included in the SCHOLAR1 study.
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Approach

Source / Justification

Location in CS

SF-36 and FACT-Lym were collected at screening (*****), month 3 (****), 6
(****), 12 (****) and ** (***) in the JULIET trial. Observed SF-36 responses were
classified into three categories according to the patient treatment or progression
status: 1) for patients before treatment (assessments prior to treatment start date)
(*****), 2) for patients in PFS (****), and 3) for patients on post-PFS (patients on or
after the PFS event or the censoring date) (****). EQ-5D utility values were derived
from SF-36 dimension scores by mapping and assigned to the model health states.
The health state utilities (PF and PD) were assumed the same for both treatment
arms. Scenario analyses sourced alternative health state utility estimates from NICE
TA306 (from the company’s initial submission and the revised model after the
appraisal consultation stage).

Health state utilities were estimated from SF-36
collected in the JULIET trial and mapped to EQ5D.
HRQoL
Utility decrements for adverse events and
subsequent SCT were sourced from the published
literature.

Patients still alive after 2 years were subsequently assumed to have the same as
utility as in the PF state irrespective of their state occupancy at this time point.
A utility decrement of 0.15 for short-term AEs except CRS was applied for all
treatments. The duration was assumed to be the equal to treatment duration for
comparators, and to hospitalisation duration for tisagenlecleucel. The disutility
estimate was sourced from a cost-effectiveness study in patients with Hodgkin’s
disease treated with salvage chemotherapy16.

Section B.3.4.2. p109110
Section B.3.4.4. p111
Section B.3.4.5. p111113

Additional utility decrements associated with grade 3-4 CRS and ICU stays not due
to CRS were applied to patients receiving tisagenlecleucel.
All AE disutilities were applied as a one-off decrement applied to the first cycle of
the model.
A disutility of 0.3 from the published literature 16 was applied to the proportion of
patients undergoing subsequent SCT. It was assumed that ASCT and allogeneic SCT
incur the same disutility and that the loss of HRQoL would be incurred for 365days.
The CS does not explicitly incorporate disutility resulting from leukapheresis,
lymphodepleting or bridging chemotherapy.
Adverse
events

Adverse events were included if they were:
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Approach




Resource use
and costs

Grade 3 or higher treatment related AEs
occurring in ≥5% of subjects in for
intervention and comparators
Any grade decreased blood immunoglobulin
G, decreased immunoglobulins,
hypogammaglobinaemia and
immunodeficiency common variable as
reported in the JULIET trial

Cost categories were:
 Pre-treatment costs

Tisagenlecleucel: leukapheresis,
bridging chemotherapy, and
lymphodepleting chemotherapy.
 Treatment and administration costs

Tisagenlecleucel: drug acquisition,
infusion and hospitalisation

Comparator: drug acquisition and
administration
 Subsequent therapy: SCT
 Health state resource use and costs
 AE costs

Source / Justification

Location in CS

 Salvage chemotherapy: Witzig et al, 2008
The AE rates were applied in the model to estimate associated costs, but not for the
estimation of treatment related disutility.
18

Drug and administration unit costs were sourced from eMIT, MIMS, and NHS
reference costs. Resource use was informed by UK hospital chemotherapy protocols.
A Patient Access Scheme (PAS) discount of **% off the tisagenlecleucel list price is
under discussion with NHS England.
Health state resource use data were derived from Muszbek et al. (2016) 13 and unit
costs sourced from the Personal Social Services Research Unit (PSSRU), NHS
reference costs and other published sources.
The costs of adverse events grade 3-4 with incidence ≥ 5% were included in the
base-case.

Section B.3.5 p114-126

The cost of B-cell aplasia was applied to a proportion of patients treated with
tisagenlecleucel
It was also assumed that patients alive after 2 years were long-term survivors and it
was assumed that monthly follow-up costs would be the same as those in PF,
irrespective of health state.
The cost of end of life care was included for the last cycle that patients were alive in
the model and for both intervention and comparator.

Discount rates

Costs and benefits were discounted at 3.5% per
annum

Sensitivity
analysis

Probabilistic sensitivity analysis was performed.
Deterministic univariate probabilistic analysis was
performed on a series of model parameters. A
series of scenario analyses was also performed.
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4.2.1

Model structure

The company’s cost-effectiveness analysis was described as a cohort-based partitioned survival
analysis consisting of three-mutually exclusive health states: (i) progression-free (PF), (ii) progressed
disease (PD) and (iii) death. However, in addition to the partitioned survival model, the model
structure also includes a separate decision tree element for the tisagenlecleucel arm only.
The separate decision model for the tisagenlecleucel is used to capture the features of treatment that
are specific to the manufacturing process and administration of tisagenlecleucel. As a result, the
modelling approach might be better described as a hybrid model since it combines elements of a
decision-tree model (for the tisagenlecleucel only) and a partitioned survival modelling approach
(tisagenlecleucel and comparator regimens).
4.2.1.1

Decision tree for tisagenlecleucel cohort

The manufacture of tisagenlecleucel requires the collection of patient T-cells by leukapheresis, after
which the cells are shipped to a manufacturing facility to produce tisagenlecleucel. Once
tisagenlecleucel is manufactured and shipped back the patient is infused. While tisagenlecleucel is
produced the patient may undergo treatment with bridging chemotherapy to stabilise disease. Prior to
infusion patients also need to receive lymphodepleting chemotherapy in preparation for receiving
tisagenlecleucel. The short-term decision tree aims to capture the costs and outcomes of these events
from the point of selection of patients for infusion until tisagenlecleucel administration, and its
structure is illustrated in Figure 15.
Figure 15 Decision tree structure for tisagenlecleucel
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Patients selected for treatment with tisagenlecleucel undergo leukapheresis and can subsequently
follow one of three possible pathways: 1) continue with tisagenlecleucel and receive the infusion (P1);
2) discontinue treatment prior to infusion because of adverse events or manufacturing failures (P2); or
3) death event before receiving the infusion (P3).
Patients who continue to infusion enter the PartSA model at the first cycle on the PF state. For those
patients who do not receive a tisagenlecleucel infusion (i.e. either due to an inability to manufacture
tisagenlecleucel or adverse events, or death), it was assumed that all patients would receive
leukapheresis but only a proportion of patients would receive bridging chemotherapy (50%) or
lymphodepleting chemotherapy (50%). Patients who did not receive a tisagenlecleucel infusion for
reasons other than death were assumed to receive [R-]GDP or [R-]GemOx. Hence, it is implicitly
assumed that the non-death events leading to discontinuation do not preclude subsequent treatment
with salvage chemotherapy and neither do they impact on the outcomes that would have been
achieved with the comparator had the patient been assigned to this comparator treatment initially.
The probability nodes of the decision tree were informed by the proportion of patients who followed
each of the pathways in the JULIET trial (8th December 2017 data cut-off) and are summarised in
Table 5 .
Table 5 Patient proportions in the decision tree by pathway

Proportion of patients who
received leukapheresis

Continue to infusion
(P1)

Discontinue prior to infusion
(P2)

Die prior to infusion
(P3)

****%

****%

***%

A separate scenario was also presented in which it was assumed that all patients receive an infusion of
tisagenlecleucel.
4.2.1.2

Partition survival analysis survival model

Patients treated with the comparator regimens directly enter the partitioned survival model in the PF
health state, while patients treated with tisagenlecleucel enter via the separate decision tree model. All
patients remain in PF until disease progression (PD) or death. Following a transition to PD, patients
remain in this state until death.
Figure 16 summarises the PartSA model approach by illustrating the survival curves that determine
patient transitions between health states. In the PartSA approach, state membership is determined
from two separate parametric survival curves. The first survival curve (PFS) directly informs the
proportion of patients remaining in the first health state – PF – over time. The second survival curve
(OS) directly informs the proportion of patients in the death state over time. State membership for the
dead state is simply 1 minus the OS curve at each time point. For the PD health state, state
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membership is then derived as the difference between the OS and the PFS curve at each time point, as
this provides the proportion of patients who are alive but not progression-free. Each model cycle has a
monthly duration and a half-cycle correction is applied.
Figure 16 Partitioned survival modelling approach

The company justified the model structure based on the progressive nature of disease (patients cannot
return to a better health state once they have suffered health deterioration to further states) and to be
consistent with previous economic modelling in r/r DLBCL. The company also provided a further

justification for the use of the partitioned survival modelling approach; highlighting that the
PFS and OS curves can be constructed from summary Kaplan-Meier data in the absence of individual
patient data (IPD). Given the reliance on published summary data for comparator regimens, the
company considered that was an additional benefit of the proposed model structure.
ERG comment
The PartSA approach is a widely used approach in oncology which provides several potential
advantages including ease of implementation and high internal validity (i.e. the approach generally
predicts trial endpoints well for the within-trial period). However, the structural independence
between endpoints in the PartSA approach means that extrapolations for a given endpoint will, in
general, reflect within-trial trends in that endpoint alone. It is also important to recognise that
extrapolating within-trial trends without considering the underlying disease process may not produce
appropriate extrapolations. Logical inconsistencies may also arise when PFS and OS are modelled
independently. However, the potential for inconsistencies was minimised by the company model
imposing logical constraints such as bounding PFS by OS to ensure that the proportion of patients
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alive was less than the proportion of patients alive and progression-free and bounding OS by the
general population mortality (age- and gender-matched) estimated from UK lifetables.
The model also included a further important structural assumption, specifically that those patients’
who are alive at 2-years (in either treatment group), will subsequently revert to the same HRQoL and
long term costs as the PF state. This assumption was not explicitly highlighted in the model structure
section of the CS and instead was discussed separately in the cost and utility sections. The 2-year time
point was selected based on clinician feedback and evidence from Maurer et al (2014){, #12}, to
represent the point at which remaining survivors may be considered to be potential ‘long-term’
survivors of DLBCL clinician feedback and evidence from Maurer et al. (2014).
The ERG highlights that the concept of ‘cure’ and ‘long-term’ survivors and the associated
assumptions are central to the cost-effectiveness estimates generated by the model but are also subject
to considerable uncertainty. These issues are further discussed in later sections. In terms of the model
structure, this additional assumption imposes a structural constraint which may also help to ensure
that the subsequent extrapolations do not result in clinically implausible results (e.g. patients
remaining in the post-progression state for a significant period of time).
Although the partitioned survival approach has a number of potential limitations, the ERG considers
that the approach is appropriate for decision making purposes. While alternative approaches (e.g.
estimation of transition probabilities using a state transition model) may have addressed some of the
limitations noted, these approaches do not appear feasible given the limited follow-up for
tisagenlecleucel and the lack of IPD for the comparator regimens.
4.2.2 The company’s economic evaluation compared with the NICE reference case checklist
Table 6 summarises the ERG’s assessment of whether the company’s economic evaluation meets
NICE’s reference case and other methodological recommendations.
Table 6 Comparison of company’s economic evaluation with NICE reference case
Attribute

Reference Case

Included

Comment on whether de novo

in CS

evaluation meets requirements of
NICE reference case

Comparator(s)

Alternative therapies in the
NHS, including those currently
regarded as current best practice
Partly
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salvage chemotherapy regimens is
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tisagenlecleucel is expected to be
approved for and the position in the
NHS clinical pathway anticipated for
CAR T-cell therapies.
Type of economic
evaluation

Cost-effectiveness analysis

Perspective - costs

NHS and PSS

Perspective - benefits

All health effects on individuals

Time horizon

Sufficient to capture differences
in costs and outcomes

Synthesis of evidence
on outcomes

Systematic review

Outcome measure

QALYs

Health states for
QALY measurement

Yes

Yes

NHS and PSS costs have been taken
into account.

Yes

QALY benefits to treated individuals
were considered.

Yes

The economic model uses a lifetime
horizon (46 years). Less than 0.6 %
of patients are expected to survive
beyond this period.

Yes

Yes

SF-36 was collected in the JULIET
trial and mapped to EQ-5D.

Described using a standardised
and validated instrument

Yes

Derived from EQ-5D mapped
estimates.

Benefit valuation

Time Trade Off or Standard
Gamble

Yes

Source of preference
data

Representative sample of the
public

Yes

Discount rate

3.5% on costs and health
benefits

Equity weighting

No special weighting

Sensitivity analysis

Probabilistic sensitivity analysis

4.2.3

Yes

Time Trade Off

Societal tariffs from EQ-5D.

Costs and benefits have been
discounted at 3.5% per annum.

Yes

No special weighting undertaken.

Yes

Probabilistic sensitivity analysis was
undertaken.

Population

The CS defines the population in line with the anticipated licensed indication for tisagenlecleucel (not
yet granted by the European Medicines Agency (EMA)). The anticipated license for tisagenlecleucel
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is for the treatment of adult patients with r/r DLBCL after two or more lines of systemic therapy. The
CS considers this population to be in line with the decision problem defined by NICE scope and to
correspond to the patient population evaluated in the tisagenlecleucel clinical trials in r/r DLBCL:
JULIET and Schuster 2017 [NCT02030834].
On the 28th of June 2018, the Committee for Medicinal Products for Human Use (CHMP) adopted a
positive opinion, recommending the granting of a marketing authorisation for tisagenlecleucel
intended for the treatment of DLBCL and acute lymphoblastic leukaemia (ALL). The CHMP positive
opinion for DLBCL indication is for “adult patients with relapsed or refractory diffuse large B-cell
lymphoma (DLBCL) after two or more lines of systemic therapy”.
The main baseline characteristics of the population in the company’s base-case analysis is
summarised in Table 7. These were sourced from the JULIET trial and were considered by the
company to be representative of patients in UK clinical practice
Table 7 Baseline patient characteristics
Model parameter

Value

Source

Mean age, years

****

JULIET trial (8th December 2017)

Percentage female

****

JULIET trial (8th December 2017)

****

The average body surface area is calculated using weight and
height of patients enrolled in the JULIET trial (8th December
2017) based on the DuBois formula. Data were available from
************** patients.

****

JULIET trial (8th December 2017)

Average BSA (m2)

Average body
weight (kg)

ERG comment
The anticipated license for tisagenlecleucel relates to a broader population than the population
included in the JULIET trial. Specifically, the JULIET trial excluded patients with ECOG 2-4 and
patients who were potentially eligible to receive more intensive (non-palliative and non-cross
resistant) salvage regimes such as ICE, IVE and DHAP (with and without rituximab). As a result, the
ERG considers that the population being considered in the company submission is more restrictive
than the anticipated license, reflecting a population for whom the existing standard of care treatments
would be given with palliative intent.
As highlighted previously in the clinical effectiveness section, this is an important area of uncertainty
that has not been fully explored in the CS. The ERG considers that this has important implications
both for the choice of the comparator regimens and the appropriate comparator data sources.
4.2.4

Interventions and comparators
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The intervention is tisagenlecleucel, a CAR T-cell therapy, which is produced from patient’s own Tcells. The manufacture of tisagenlecleucel requires harvesting of patient’s T-cells that are then
genetically engineered to express a CAR construct with affinity to the antigen CD19, yielding the
final cell product, tisagenlecleucel. Tisagenlecleucel is administered as a single-dose intravenous
infusion of tisagenlecleucel at a dosage of 0.6 to 6.0×108 CAR-positive viable T-cells. It is
recommended that patients are infused with tisagenlecleucel 2 to 14 days after completing
lymphodepleting chemotherapy (fludarabine 25 mg/m2 for 3 doses and cyclophosphamide 250 mg/m2
for 3 doses or bendamustine 90 mg/m2 IV daily for 2 days).
Given the duration of the manufacturing process (current turnaround in the US is currently *******)
some patients may require one cycle of bridging chemotherapy to stabilise disease until they can be
infused with tisagenlecleucel. The company’s base-case assumes that the majority of patients receive
lymphodepleting chemotherapy and tisagenlecleucel infusion in a hospital inpatient setting.
The company considered the most relevant comparators to be either salvage chemotherapy (with or
without rituximab), or pixantrone monotherapy, with both treatment options given with palliative
intent in the third- and later-line setting.
The salvage chemotherapy comparator was modelled as one of two chemotherapy regimens (Gem-Ox
and GDP, with or without rituximab). The selection of these two particular regimens is justified on the
basis of both being commonly used in clinical practice for the treatment of DLBCL patients in the
third- and fourth-line setting, according to their clinical advisers and treatment guidelines. Only one of
the regimens was included in the NICE scope, [R-]GDP. The company justified the inclusion of [R]GemOx as a regimen that might be tolerated by patient who cannot tolerate the more intensive
chemotherapy regimens19.
ERG comment
A number of other salvage chemotherapy regimens (R-ICE, R-IVE and R-DHAP) included in the
NICE scope, were not included in the CS. The company considered that these regimens are used to
‘prepare’ patients for subsequent SCT and their clinical advisors suggested that few patients at the
third-line of therapy or later would receive a subsequent SCT. The ERG’s clinical advisor was of the
opinion that patients who were fit enough might receive a non-cross resistant salvage therapy such as
ICE or IVE at third line, with the possibility of proceeding to autologous SCT.
The ERG notes that the anticipated license for tisagenlecleucel does not limit the treatment population
to those patients that are ineligible for SCT. Furthermore, the clinical advisor to the ERG stated that in
clinical practice approximately 20-25% patients may receive subsequent SCT, while the company’s
clinical advisors predicted only 5% would go on to SCT .
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The other comparator considered in the CS is pixantrone monotherapy. While this treatment is
included in the NICE scope, the ERG notes that pixantrone is rarely used in the UK clinical practice
as it is perceived to have low effectiveness by the clinical community, according to the clinical
advisor to the ERG.
The ERG considers that the company’s focus on a population whom treatment at a third or greater line
setting is given with palliative intent is overly restrictive. The ERG’s clinical advisor said that if
patients are fit enough and have failed one salvage therapy they are often given a non-cross resistant
salvage therapy (often ICE or IVE) with a view to possible autologous SCT. The ERG considers that
this has important implications both for the choice of the comparator regimens and the appropriate
comparator data sources.
4.2.5

Perspective, time horizon and discounting

The cost-effectiveness analysis was performed from a NHS and Personal Social Services (NHS &
PSS) perspective, with a discount rate of 3.5% per annum applied for costs and health benefits, in line
with NICE guidance20.
ERG comment
The model time horizon is described as a lifetime horizon (46 years), at the end of which less than
0.6% of patients remained alive. The ERG considers the time horizon appropriate to capture the
expected costs and health outcomes of patients over their remaining lifetime from the initiation of
their treatment. However, the long time horizon is driven by the extrapolation and ‘cure’ assumptions
within company’s model, which the ERG consider to be subject to significant uncertainties.
The impact of using a lower discount rate on costs and benefits (1.5% per annum) was explored with
the company sensitivity analysis. However, the company did not present a formal case that
tisagenlecleucel meets the criteria for the use of a lower discount rate based on the NICE methods
guide. The ERG did not consider that the criteria for applying a 1.5% discount rate were likely to be
met. The evidence submitted is not sufficiently mature to robustly demonstrate that cure occurs and
the sustainability of the health benefit over at least 30 years appears highly uncertain, particular given
the average age of the population in this specific indication. The ERG also notes that additional NHS
investment required to implement this technology may also be of a sufficient magnitude to constitute
an irrecoverable cost.
4.2.6

Treatment effectiveness and extrapolation

Table 8 provides a summary of the survival distributions and data sources used in the company’s base
case analysis for OS and PFS.
Table 8 Summary of survival distributions and sources applied in the company base case
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Intervention

Overall survival

Progression-free survival

Tisagenlecleucel

Lognormal mixture cure model using
pooled JULIET and Schuster 2017
(NCT02030834) data

Lognormal mixture cure model using
pooled JULIET and Schuster 2017
(NCT02030834) data

Comparator therapies

Exponential model using Eyre 2016

Exponential model using Eyre 2016

For tisagenlecleucel, the company fitted standard parametric, spline and mixture cure models for PFS
and OS. These were based on the pooled individual patient data from two single arm trials, JULIET
(8th December cut-off date, n=***) and Schuster 2017 [NCT02030834] ((n=14, cohort with DLBCL).
The company justified the pooling of these trials in order to utilise all available evidence. A separate
scenario was reported using the JULIET trial only.
The source of effectiveness data for all comparator regimens was derived from Eyre et al (2016) 3.
This considered by the company to be the most appropriate source of clinical evidence for patients
treated with current therapies in UK clinical practice. The company stated that this source was
supported by their clinical advisors who considered the Eyre (2016) survival data to be representative
of the outcomes that may be expected for patients treated with palliative intent (using either [R-]GemOx, [R-]GDP or pixantrone monotherapy) in the third- and later-line settings.
Given the lack of access to the IPD from the Eyre (2016) study, the company generated pseudo-IPD
data to inform the extrapolations for OS and PFS for the comparator regimens. As the standard
parametric models provided a reasonable fit to the observed data, the mixture cure models were not
explored for the extrapolation of survival data from Eyre 2016. The mixture cure models were further
argued to be inappropriate for the comparator regimens given their stated use as palliative therapy in
the third- and later-line setting.
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Figure 17 and

Figure 18 summarise the base case extrapolations of OS and PFS for tisagenlecleucel and the
comparator regimens.
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Figure 17 Company base case extrapolation of overall survival

Figure 18 Company base case extrapolation of progression free survival

The approaches and assumptions for OS and PFS are discussed further in the following sections.
4.2.6.1

Overall Survival
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Table 9 summarises the OS models investigated for tisagenlecleucel and the comparator regimens and
the main justifications provided by the company for their selection in the base-case analysis.
In determining the choice of survival model for the base case, the CS states that consideration was
given to the following recommendations provided in NICE DSU TSD14:


AIC and BIC goodness-of-fit statistics



Visual inspection against the observed Kaplan-Meier curves



Clinical plausibility for both short-term and long-term estimates of survival
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Table 9 Summary of company justification for selected OS extrapolation curves
Treatment

Type of
survival
model

Cure
fraction

Tisagenlecleucel

Single
parametric

NA

Spline

Mixturecure

Comparator

Single
parametric

Spline

25th July 2018

NA

Number
of knots

Goodness
of visual
fit

Best
statistical
fit

Clinically
plausible

NA

No

No

No

Weibull

No

No

No

Gompertz

No

No

No

Lognormal

No

No

No

Loglogistic

No

No

No

Generalised
Gamma

No

No

No

One

No

Yes

No

Two

No

No

No

Three

No

No

No

Four

No

No

No

Parametric
curve
Exponential

NA

*****

Exponential

Yes

No

Yes

*****

Weibull

Yes

No

Yes

*****

Gompertz

Yes

No

Yes

*****

Lognormal

Yes

Yes

Yes

*****

Loglogistic

Yes

No

Yes

*****

Generalised
Gamma

Yes

No

Yes

NA

Exponential

Yes

Yes

No
comment

Weibull

No

No

No
comment

Gompertz

Yes

No

No
comment

Lognormal

No
comment

No

No
comment

Loglogistic

Yes, except
at the tail
of the KM

No

No
comment

Generalised
Gamma

No
comment

No

No
comment

One

No
comment

Yes

No
comment

Two

No
comment

No

No
comment

Three

No
comment

No

No
comment

Four

No
comment

No

No
comment

NA

NA

NA
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Tisagenlecleucel
Single standard parametric, spline and mixture-cure models were fitted to data pooled from the
JULIET and Schuster 2017 [NCT02030834]. IPD survival data from the JULIET trial (data cut-off
date 8th December 2018) and pseudo IPD was recreated from the published Kaplan Meier curves from
Schuster 2017 [NCT02030834]2 for the cohort of patients with DLBCL (n=14) using the algorithm
developed by Guyot et al. (2012)21.
The company concluded that neither the standard parametric nor spline models appeared to
appropriately capture the emerging plateau in the observed survival data and the associated change in
the hazard function for tisagenlecleucel (Figure 22; CS p95). The company stated that the existence of
a plateau in the OS curve is consistent with the mechanism of action of tisagenlecleucel as a
potentially curative treatment option, and is supported by the PFS plateau extending beyond 24
months. The longer patient follow-up in Schuster 2017 [NCT02030834] (median follow-up 28.6
months) was considered to further support the existence of a group of patients treated with
tisagenlecleucel who have sustained, long-term survival. As a result, the company also explored the
use of mixture cure models for the extrapolation of OS for tisagenlecleucel.
In situations where a proportion of patients experience long-term durable remissions for their illness,
there can be significant heterogeneity in survival data. Standard parametric (and spline models) group
all patients together and provide a single prediction of survival for the entire group. In contrast, the
mixture cure approach assumes that the group comprises a mixture of patients who are cured and
patients who are not cured. The heterogeneity in survival data is reflected by estimating the
probability a patient is cured (the ‘cure fraction’) and associated survival predictions. Patients who are
cured are assumed to be subject to background (non-lymphoma) mortality only. Patients who are not
cured are subject to the background mortality and to additional mortality from lymphoma. The
additional mortality from lymphoma is modelled using conventional parametric functions.
The lognormal mixture cure model provided the best statistical fit to the observed data for OS in terms
of AIC and BIC (Table 28; CS p96) and was therefore selected for the base case analysis. A graphical
comparison of the extrapolations of OS using the base case and scenario mixture cure models up to 10
years was also presented (Figure 23; CS p96). The lognormal mixture models predicted a cure rate of
***** for OS. The company noted that this rate was towards the lower end of the range of cure rates
predicted by the other models (***** to *******
Figure 19 provides a graphical summary of the base case and scenario mixture cure extrapolations.
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Figure 19 Comparison of overall survival extrapolations using the base case (lognormal) and scenario
mixture cure models - tisagenlecleucel

The company cited feedback from clinicians in relation to the clinical plausibility of the overall
survival curves for tisagenlecleucel. This feedback suggested that a cure fraction of ****** was
reasonable given the data from the existing tisagenlecleucel trials. However, the clinicians also noted
that in clinical practice the proportion of ‘cured’ patients would likely be towards the lower end of
that observed in clinical trials.
Uncertainties surrounding the mixture cure model were addressed by the company using alternative
mixture cure models (2nd and 3rd highest ranked models - loglogistic and gamma) and using the
JULIET trial only. In addition, an alternative to the mixture cure approach for modelling the expected
long-term survival with tisagenlecleucel was explored. This alternative approach applied a
standardised mortality rate (SMR) versus general population mortality (age- and gender-matched) to
those tisagenlecleucel patients who were still alive in the model after 24 months, with survival up to
that point determined by extrapolation of the pooled JULIET and Schuster 2017 (NCT02030834) OS
data. Hence, rather than explicitly modelling a ‘cure fraction’ using a mixture cure approach, the
alternative approach assumes that those patients who are still alive after a particular time point are
effectively ‘cured’ and have a similar mortality to the general population for the remainder of the
model horizon. The company also noted that this alternative approach to modelling a ‘cure’ was
similar to the approach used in the US ICER review.
Using this alternative approach, OS was extrapolated using the spline model with a single knot for 24
months. The single knot, spline model was selected as the best-fitting parametric or spline model, in
terms of AIC and BIC, and was considered to provide a reasonable fit to the observed data on visual
inspection. After 24 months, an SMR of 1.09 was assumed in the base case analysis based on the
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cohort of French patients (n=820, 73% event free at 24 months) reported in Maurer et al (2014) 22.
Additional scenario analyses were also conducted assuming an SMR of 1.18 (US cohort reported in
Maurer et al) and 1. The SMR of 1 was justified based on the finding from both cohorts in Maurer et
al. (2014) that survival for DLBCL patients who are event-free at 24 months is not statistically
significantly different to the general population.
A graphical summary of the alternative approach was provided by the company (Figure 27; CS p101).
The ERG notes that this figure appears to incorrectly use the lognormal rather than the spline model
for the initial 24 months.
Comparator regimens
Single parametric and spline models were fitted to data from the Eyre et al (2016) 3. Since the
company did not have access to IPD data from this study, pseudo IPD was generated from the
published Kapan-Meier curves. The same survival inputs were used for both salvage chemotherapy
regimens ([R-]Gem-Ox and [R-]GDP) and pixantrone monotherapy.
The exponential model provided the best statistical fit to the observed data for OS in terms of AIC and
BIC (Table 31; CS p102). Visual comparisons of the alternative parametric and spline models (Figure
28; CS p102) showed that each curve appeared to provide a reasonable fit to the data. However, it was
noted that the log-logistic appeared to over predict survival towards the end of the observed period.
Given the similarities in visual fit, the company base case used the exponential model as it was the
highest ranked distribution based on goodness of fit statistics. The 2nd and 3rd highest ranked
distributions (Gompertz and log-logistic) were assessed using scenario analysis. Mixture-cure models
were not fitted to the Eyre (2016) data, given the absence of a survival plateau suggesting cure.
Figure 20 provides a graphical summary of the base case and scenario mixture cure extrapolations.
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Figure 20 Comparison of overall survival extrapolations using the base case (exponential) and scenario
models (Gompertz and log-logistic) - comparators

The company cited feedback from clinicians in relation to the clinical plausibility of the overall
survival curves for the comparator regimens. The feedback indicated that the proportion of patients
alive predicted by the base case model, at a series of time points (between 6 and 120 months),
appeared reasonable estimates of survival in r/r DLBCL patients in the UK receiving treatment in the
third- and later-line setting. The company also stated that the clinician feedback suggested that it
would be highly unlikely for patients to be alive at 24 months and that no patients would be expected
to be alive after 60 months. The company reported that the proportion of patients alive predicted by
the model at these time points were 4% and <1%, respectively in the base case analysis.
Uncertainties surrounding the exponential model were addressed by the company using alternative
parametric models (2nd and 3rd highest ranked models –Gompertz and loglogistic). Additional
scenarios were also undertaken to explore alternative sources of evidence for modelling OS with
salvage chemotherapy and pixantrone monotherapy. The company proposed 2 alternative data
sources:
1. Use of PIX301 survival data (salvage chemotherapy and pixantrone monotherapy).
2. Use of SCHOLAR-1 data (salvage chemotherapy).
The PIX301 trial (pixantrone monotherapy versus investigator’s choice of single-agent chemotherapy
regimens) was the main source of evidence used for the appraisal of pixantrone monotherapy in
TA306 as a treatment for patients with multiply-relapsed aggressive NHL. The company notes that
this trial was accepted in TA306 as being relevant to UK clinical practice in a 3rd and 4th line setting.
A separate scenario was conducted using survival data from the PIX301 trial to inform the OS
extrapolations for pixantrone monotherapy (using the PIX301 pixantrone arm) and for salvage
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chemotherapy (using the PIX301 comparator arm). Hence, in contrast to the base case analysis this
scenario assumed differential survival for pixantrone monotherapy and the salvage regimens.
The company considered that the most relevant population of the PIX301 trial was the subgroup of
patients with histology confirmed by central review, who had received prior rituximab and were being
treated in the third- or later-line setting (n=30 for pixantrone monotherapy and n=26 for investigator
choice chemotherapy). However, only limited data were reported for this subgroup (median OS
estimates only) and separate Kaplan-Meier curves were not available. As a result, the company
proposed the use of pseudo-IPD from the overall PIX301 trial population together with an adjustment
(assuming proportional hazards) which ensured that the best-fitting parametric or spline model
predicted a similar median value for OS reported for the subgroup of interest. Further details of this
approach were reported in Appendix L in the company submission.
The second scenario explored the use of the SCHOLAR-1 meta-analysis of patient-level data from
four clinical studies. The SCHOLAR-1 studies was identified in the SLR as being a potentially
relevant source of OS data for salvage chemotherapy but was not considered in the base case given
concerns regarding: (i) the relevance of the full population in SCHOLAR-1 (which only included
refractory patients) and the population considered in the JULIET trial (which included relapsed and
refractory patients); and (ii) the high proportion of patients in SCHOLAR-1 who received SCT
following their salvage chemotherapy regimen (180/603 [29.9%]) and the potential that long-term OS
may be overestimated compared to UK practice given the company’s assertion that treatment with
salvage chemotherapy in a 3rd and later line setting is expected to be palliative for the majority of
patients.
To more closely align the populations in the tisagenlecleucel trials and the SCHOLAR-1 data, the
company excluded patients included in SCHOLAR-1 who were primary refractory only. Pseudo-IPD
was derived from the published Kaplan-Meier curve from the combined refractory subgroups
(refractory to second- or later-line therapy, and relapsed ≤12 months after autologous SCT). Single
parametric and spline models were fitted to the pseudo-IPD data. The spline model with two knots
was selected for the extrapolation of OS based on goodness of fit (Table 48, Appendix L) and visual
assessment (Figure 19, Appendix 11).
ERG comment
The company justified the selection of the mixture-cure model approach used for tisagenlecleucel
largely on its ability to more appropriately capture the plateau suggested by the Kaplan Meier curve.
The ERG notes that the observed data for tisagenlecleucel was collected over a short follow-up when
compared with the extrapolated period over which the majority of the intervention’s QALY gains are
accrued. Robust estimation of mixture cure models require data from studies with long follow-up
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times that far exceed the anticipated time point of cure, as well as sufficient numbers of patient at risk
at the end of follow-up in order to robustly estimate a cure fraction23, 24. The median follow-up for OS
of the study providing the majority of tisagenlecleucel survival data, JULIET (December 8th 2017
data cut-off date), was only **** months for a sample size of *** patients. The Schuster 2017
[NCT02030834] had a longer median follow-up (28.6 months), but only contributed with 14
observations to the pooled survival data.
However, given the short follow-up period of the observed data and the small numbers in the analysis,
there is considerable uncertainty as to how the survival data and associated KM curves will develop
over longer time horizons. However, the ERG also acknowledge: (i) the similarity in the cure fraction
reported across the alternative mixture cure models for OS (between **************); (ii) the
consistency in the cure fractions reported for OS and PFS (see later section) and (iii) the predicted
cure fractions are within the range considered clinically plausible by the company’s clinical advisors.
Hence, while the immaturity of the evidence increases the uncertainty surrounding the
tisagenlecleucel OS extrapolation, the ERG also consider that the company’s base case approach for
tisagenlecleucel is sufficiently plausible for decision making purposes.
The ERG notes that some of the uncertainty surrounding the company’s base case approach was
explored using an alternative approach in a separate scenario analysis. This alternative approach
assumes that those patients who are still alive after a particular time point are effectively ‘cured’ and
have a similar mortality to the general population for the remainder of the model horizon. Hence,
rather than estimating a cure faction directly, this approach combines the use of a parametric or spline
model for a fixed period of time followed by a SMR adjusted general population mortality rate. The
ERG concludes that this is a plausible alternative approach to the company base case.
The ERG also notes that the alternative approach provides additional flexibility to consider alternative
time periods which dictate the duration of the model horizon which are informed by the standard
parametric and spline models and the time period informed by a separate cure assumption derived
from external evidence. The ERG highlights that the main uncertainties surrounding this approach
are: (i) the time point at which it is considered appropriate to switch between the standard
parametric/spline models and SMR adjusted general population mortality (24 months in the company
base case) and (ii) the magnitude of the SMR which is subsequently applied (1.09 in the company
base case).
The ERG considers that the use of a 24 month time point in the company’s alternative approach is
potentially too short. Howlader et al (2017), a large study on long-term outcomes of DLBCL
survivors (n=18,047) after rituximab become part of the standard of care, suggests that patients are at
an elevated mortality risk from vascular disease, infections, and blood diseases for at least 5 years
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after diagnosis.25 As a result, the ERG considers that the observed survival data cannot exclude the
possibility of late relapses occurring that may not have been captured in the base case OS
extrapolation and the alternative scenarios considered by the company.
The ERG notes that the findings from Howlader et al (2017) suggests that another alternative
approach might be to utilise the standard parametric and spline models for the first 5-years of the
model horizon and to switch to general population mortality estimates beyond 5-years for surviving
patients. This approach and the timing of the switch appear to be more consistent with the approach
used in the US ICER report.
The ERG also highlights that the company did not explore the use of single parametric or spline
models for the entire time horizon for tisagenlecleucel. Instead the company focused on two
alternative approaches for tisagenlecleucel which rely heavily on the concept of cure. However, the
ERG considers that the evidence submitted for tisagenlecleucel is not sufficiently mature to robustly
demonstrate that cure occurs, and hence the duration of health benefits is driven by a highly uncertain
extrapolation of survival estimates. As a result, the ERG considers that the impact of using single
parametric or spline models should have been considered within the company’s sensitivity or scenario
analyses.
The ERG acknowledges that to rely exclusively on a single parametric or spline survival curve to
model OS for tisagenlecleucel may produce results which are considered overly conservative and/or
potentially implausible when compared with the longer term observed survival data assumed for the
comparator regimens. However, the ERG considers that the tisagenlecleucel OS extrapolation is
affected by significant uncertainties that have not been fully explored in the company submission. The
uncertainties relating to the extrapolation of OS for tisagenlecleucel are further explored by the ERG
in Section 5.
The ERG considers the main source of uncertainty in relation to the OS estimates for the comparator
regimens to be the decision to use the Eyre (2016) study in the company base case. As noted in the
clinical effectiveness review section the ERG have several concerns about the unadjusted indirect
comparisons and the relevance of the Eyre study to inform the comparator regimens. In particular, the
ERG highlighted important differences in prognostic factors between JULIET and Eyre 2016. The
ERG concluded that imbalances in these factors are likely to bias any comparison of outcomes in
favour of the JULIET study. The ERG also considered it appears likely that a substantial proportion of
patients in the Eyre 2016 study would not have been fit enough for tisagenlecleucel. As a result, the
ERG considers that this study does not provide an appropriate basis for informing the OS estimates
for the population who would be potentially eligible for treatment with tisagenlecleucel.
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As part of the points for clarification, the company were requested to explore an approach to address
the potential bias by performing a matching-adjusted indirect comparison (MAIC) between the
JULIET and Eyre studies. The MAIC approach can be used in situations where access to IPD is
available for one trial but not the comparator trial. The MAIC approach applies population adjustment
methods using the available IPD to adjust for between-trial imbalances. Table 10 summarises the
patient characteristics before and after matching.
Table 10 Patient characteristics between the JULIET and Eyre studies (before and after matching)
Before matching
Characteristic

JULIET *******

Eyre (2016)

P-value

Male

*****

65.6%

****

Low IPI risk classification (<3)

*****

26.7%

*****

DLCL

*****

63.3%

*****

Refractory to last line

*****

61.1%

****

Disease duration (<=16.1 months)

*****

50.0%

*****

Prior stem-cell transplantation

*****

15.6%

*****

JULIET *******

Eyre (2016)

P-value

Male

*****

65.6%

****

Low IPI risk classification (<3)

*****

26.7%

****

DLCL

*****

63.3%

****

Refractory to last line

*****

61.1%

****

Disease duration (<=16.1 months)

*****

50.0%

****

Prior stem-cell transplantation

*****

15.6%

****

After matching
Characteristic

The company reported that the results of the MAIC improved the OS curve for tisagenlecleucel,
resulting in a marginal improvement in the hazard ratio for OS: increasing from 0.39 (95% CI: 0.27,
0.56) before matching to 0.38 (95% CI: 0.22, 0.65) after matching. Results of an additional scenario
in the cost-effectiveness analysis for the extrapolation of OS based on the MAIC analysis of JULIET
versus Eyre 2016 were also provided.
The ERG has a number of concerns regarding the validity and appropriateness of the MAIC approach.
Firstly, it is important to acknowledge that the basis for the matching adjustment is the population in
the Eyre study. As a result, the MAIC approach attempts to match the JULIET trial population to the
population in the Eyre study. However, as previously highlighted, the ERG does not consider that the
Eyre population is representative of the population for whom tisagenlecleucel is likely to be
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considered. Secondly, only limited information was provided by the company in terms of the
matching analysis and the effective sample size that was used from the JULIET trial. Hence it is not
possible to determine how many patients from the JULIET trial contributed to the matched analysis.
Finally, the ERG did not think that the results were plausible as they suggest that survival with
tisagenlecleucel would appear to be better in a population with worse prognostic characteristics. As a
result, the ERG does not consider that the MAIC approach provided by the company addresses the
concerns raised regarding the use of the Eyre study for the purposes of informing the OS estimates for
the comparator regimens.
Section 3.2.3.2 previously discussed the alternative sources of data that the company explored as part
of two separate scenario analyses: the PIX301 and SCHOLAR-1 studies. Although the PIX301 study
was based on a post-hoc analysis of data from a small subgroup of third-line or late patients who had
previously received rituximab (n=30 pixantrone, n=26 comparator), the ERG considered that this
might be a more reasonable comparator study for the JULIET population. However, concerns remain
regarding the unadjusted nature of the comparisons between the study populations and the additional
adjustments required given the absence of Kaplan-Meier data reported for this subgroup in PIX301.
The ERG also highlighted that that results derived from comparing JULIET and PIX301 relate only to
patients who are not eligible for autologous SCT i.e. the population being considered is one whose
standard of care treatment would likely be palliative.
In response to the points for clarification, the company stated that a MAIC comparison between
PIX301 and JULIET was not considered to be appropriate. The company noted that the baseline
characteristics were not available for the subgroup of interest in the PIX301 trial which prevented the
use of the MAIC approach.
The main concerns stated by the company regarding the SCHOLAR-1 study were the inclusion of
only refractory (and not relapsed) patients and the higher rate of SCT than would be expected in
practice. Concerns regarding differences in the relapse/refractory status were partly mitigated in the
company’s economic analysis by excluding the subgroup of primary refractory patients in
SCHOLAR-1. The ERG also noted that although the two studies appear broadly comparable in terms
of important prognostic factors, one key difference is that SCHOLAR-1 included patients with an
ECOG performance status 2-4 (14%) or with missing (unknown) ECOG performance status (13%).
This is in contrast to JULIET where all patients had to have an ECOG status of 0 or 1 to be eligible.
In response to the points for clarification, the company reported results from a MAIC comparison
between SCHOLAR-1 and JULIET. Only those patients in the JULIET trial that met the eligibility
criteria for the SCHOLAR-1 meta-analysis (i.e. met the definition for refractory disease) were
included in the MAIC analyses (****). The matched variables included primary diagnosis (DLBCL
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versus non-DLBCL), IPI risk classification (<2 risk factors versus ≥2 risk factors), and refractory
category (primary refractory, refractory to ≥2nd line therapy, relapsed ≤12 months post ASCT). Age,
ECOG performance status, and disease stage were not matched as they were each included as
components in the IPI risk classification. The company reported that gender was not matched given
the similar proportions of male patients in each study. Matching on other prognostic variables (e.g.
number of prior lines of chemotherapy and prior SCT) were not possible given incomplete reporting
of data in SCHOLAR-1. Table 11 summarises the patient characteristics before and after matching.
Table 11 Patient characteristics between the JULIET and SCHOLAR-1 studies (before and after
matching)
Before matching
Characteristic

JULIET (****)

SCHOLAR-1 (n=636)

P-value

Primary diagnosis, DLBCL

*****

93.5%

*******

IPI, < 2 risk factors risk
classification (<3)

*****

30.5%

****

Refractory category, primary
refractory

*****

28.0%

*****

Refractory category, refractory >=
2lines

*****

50.0%

****

JULIET (****)

SCHOLAR-1 (n=636)

P-value

Primary diagnosis, DLBCL

*****

93.5%

****

IPI, < 2 risk factors risk
classification (<3)

*****

30.5%

****

Refractory category, primary
refractory

*****

28.0%

****

Refractory category, refractory >=
2lines

*****

50.0%

****

After matching
Characteristic

The company reported that the results of the MAIC resulted in a marginal improvement in the hazard
ratio for OS: increasing from ************************* before matching to
************************* after matching. Results of an additional scenario in the costeffectiveness analysis for the extrapolation of OS based on the MAIC analysis of JULIET versus
SCHOLAR-1 were also provided.
The ERG notes some of the concerns noted regarding the MAIC analysis presented for the
comparison of JULIET and Eyre apply to the comparison between JULIET and SCHOLAR-1. Again,
it is important to acknowledge that the basis for the matching adjustment is the population in the
SCHOLAR-1 study. As a result, the MAIC approach attempts to match the JULIET trial population
to the population in the SCHOLAR-1 study. However, as previously highlighted, the ERG considers
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that the SCHOLAR-1 population is more representative of a population for whom more intensive
regimens might be considered and not the population treated with palliative intent. Although more
information was provided by the company to support this MAIC analysis, the ERG notes that the
omission of important prognostic variables due to incomplete reporting makes it difficult to assess the
extent to which any potential bias has been addressed.
A key difference between the SCHOLAR-1 data and the Eyre 2016 and PIX301 studies concerns the
high rate of subsequent SCT in SCHOLAR-1 (29.9%). The ERG considers that SCHOLAR-1 data
more closely reflects a population receiving intensive salvage chemotherapy with a view to possible
SCT, rather than a population receiving palliative treatment (as was the case for Eyre 2016 and
PIX301). Hence the uncertainty surrounding the choice of comparator data may be better
characterised in terms of their generalisability to the population who would potentially receive
tisagenlecleucel if this were made available to the NHS. The ERG notes that the anticipated license
for tisagenlecleucel does not limit the treatment population to those patients that are ineligible for
SCT. Furthermore, the clinical advisor to the ERG considered that in clinical practice approximately
20-25% patients may receive subsequent SCT, while the company’s clinical advisors predicted only
5% would go on to SCT .
As discussed in section 3.2.3.3, the ERG considers the CORAL extension studies of salvage
chemotherapies to be relevant to the submission. In particular, the ERG considers that the CORAL
extension study of 203 patients, who did not proceed to per-protocol ASCT and who were candidates
for a third-line regimen, may be more generalisable to the population for whom tisagenlecleucel might
be considered based on the anticipated marketing authorisation. Among the 203 patients, 64 (31.5%)
were eventually transplanted, mostly with ASCT (n=56) but some with allogeneic SCT (n=8). Median
OS was 11.1 months in patients who were eventually transplanted compared with 3.3 months in those
who were not (P<0.0001, log rank, 2.467).
The ERG acknowledges there are two main limitations regarding the CORAL extension study: (i) the
rates of SCT appears marginally higher than that reported in the SCHOLAR-1 study (which was
considered by the company’s clinical advisors to be to high compared to anticipated rates SCT in a 3rd
or later line setting) and (ii) a proportion of the 203 patients were in response (CR, n=26; PR, n=30) at
withdrawal from the initial CORAL study. In terms of the 1st issue, the ERG considers that a potential
advantage of the CORAL extension study is that Kaplan-Meier curves for overall survival are
reported separately according to whether patients were eventually transplanted or not. The separate
survival curves provide a way to more explicitly address the uncertainties surrounding the likely SCT
rate in clinical practice. That is, the conditional survival curves could be used to estimate survival
according to different rates of SCT. In relation to the 2nd concern, the ERG notes that subsequent OS
was not significantly different according to the reason for CORAL withdrawal (treatment failure,
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toxicity, protocol violation, others) which may mitigate some of the concerns regarding the
generalisability of the results to a relapsed/refractory population.
The use of the CORAL extension study is further explored by the ERG in Section 5.
4.2.6.2

Progression-free survival

Table 12 summarises the PFS models investigated for each treatment along with the main justification
provided by the company for use in their base-case analysis.
Table 12 Summary of company justification for selected PFS extrapolation curves
Treatment

Type of
survival
model

Cure
fraction

Tisagenlecleucel

Single
parametric

NA

Spline

Mixturecure

Comparator

Single
parametric

NA

Number
of knots

Goodness
of visual
fit

Best
statistical
fit

Clinically
plausible

NA

No

No

No
comment

Weibull

No

No

No
comment

Gompertz

No

No

No
comment

Lognormal

No

No

No
comment

Loglogistic

No

No

No
comment

Generalised
Gamma

No

No

No
comment

One

No

Yes

No
comment

Two

No

No

No
comment

Three

Yes

Yes

No
comment

Four

No

No

No
comment

NA

Yes

No

Yes

Parametric
curve
Exponential

NA

*****

Exponential

*****

Weibull

Yes

No

Yes

*****

Gompertz

Yes

No

Yes

*****

Lognormal

Yes

Yes

Yes

*****

Loglogistic

Yes

No

Yes

*****

Generalised
Gamma

Yes

No

Yes

NA

Exponential

Yes on BIC

Yes

No
comment

No

No

No
comment

Weibull
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Spline

NA

Gompertz

Yes

No

No
comment

Lognormal

No
comment

No

No
comment

Loglogistic

Yes on
AIC

Yes

No
comment

Generalised
Gamma

No
comment

No

No
comment

One

No
comment

Yes

No
comment

Two

No
comment

No

No
comment

Three

No
comment

No

No
comment

Four

No
comment

No

No
comment

NA

Tisagenlecleucel
In common with the approach used OS, the pooled PFS data from the JULIET and Schuster 2017
[NCT02030834] studies were extrapolated using various parametric, spline and mixture cure models.
In contrast to the OS analysis, the company reported that the spline model with three knots provided
the best statistical fit (based on comparisons between the standard parametric and spline models) and
a reasonable visual fit to the observed data (Figure 25 and Table 30; CS p98), capturing the emerging
plateau in the Kaplan-Meier data. As a result, the decision to use a mixture cure model for PFS
(lognormal in the base case) appears largely driven by ensuring consistency in the approaches
employed for the extrapolation of PFS and OS.
The lognormal mixture cure model provided the best statistical fit to the observed data for PFS in terms
terms of AIC and BIC (Table 30; CS p98) and was therefore selected for the base case analysis. A
graphical comparison of the extrapolations of PFS using the base case and alternative mixture cure
models up to 10 years was also presented (Figure 26; CS p99) and is replicated in

Figure 21 below.
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Figure 21 Comparison of progression-free extrapolations using the base case (lognormal) and alternative
mixture cure models - tisagenlecleucel

The lognormal mixture models predicted a cure rate of ****%. The company noted that this cure rate
was similar to the predicted cure rate reported for OS (****%) and consistent with the expectation
that patients who are ‘cured’ would also be progression-free. The company also noted the narrow
range of cure fractions reported across the different models (****% to **%).
Uncertainties surrounding the mixture cure model for PFS were addressed by the company using a
similar approach to OS, namely the use of alternative mixture cure models and using the JULIET trial
only. In addition, given the reasonable visual fit to the observed data for the 3-knot spline model this
was also considered in a separate scenario.
Comparator regimens
Single parametric and spline models were fitted to the PFS data from the Eyre et al. (2016) using
pseudo IPD. As with the approach to OS, the same progression-free survival estimates were used for
both salvage chemotherapy regimens ([R-]Gem-Ox and [R-]GDP) and pixantrone monotherapy.
The loglogistic model provided the best statistical fit to the observed data for PFS in terms of AIC and
BIC (Table 32; CS p103). Visual comparisons of the alternative parametric and spline models (Figure
30; CS p104) showed that each curve appeared to provide a reasonable fit to the data. In the base case
analysis, the exponential model was used for the extrapolation of PFS. The choice of the exponential
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was justified by the company based on consistency with the shape of the best-fitting OS curve. The
use of the best fitting survival distribution was explored in a separate scenario analysis.
Figure 20 provides a graphical summary of the base case (exponential) and scenario (loglogistic)
extrapolations.
Figure 22 Comparison of progression-free extrapolations using the base case (exponential) and
alternative scenario (loglogistic) parametric models – comparator regimens

In common with the approach employed for OS, additional scenarios were also undertaken to explore
alternative sources of evidence for modelling PFS with salvage chemotherapy and pixantrone
monotherapy based on the PIX301 and SCHOLAR-1 studies.
In the absence of PFS data reported for the SCHOLAR-1 study, the company assumed a proportional
relationship between the OS and PFS curves. The ratio that was assumed (0.65) was based on the
mean cumulative HR from the CORAL study{Gisselbrecht, 2010 #15}, which was one of the RCTs
included in the SCHOLAR-1 meta-analysis.
ERG comment
The ERG notes that the majority of issues raised in relation to the company’s approach to OS apply to
their analysis of PFS. In particular, the short follow-up period of the observed data and the small
numbers in the analysis results in uncertainty as to how the progression-free survival data and
associated KM curves will develop over longer time horizons. However, the ERG considers that is
potentially reassuring that the cure fractions reported or PFS and OS appear consistent and that there
is a narrow range of estimates reported across the mixture cure models for PFS (****% to **%).
Hence, while the ERG considers that the immaturity of the evidence increases the uncertainty
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surrounding the tisagenlecleucel OS extrapolation, the ERG also consider that the company’s base
case approach for tisagenlecleucel appears to be supported by the PFS findings.
The ERG notes that the extrapolation of PFS using a spline function was explored for the entire model
horizon within the company scenario. The ERG previously noted that that the impact of using single
parametric or spline models were not considered within the company’s sensitivity or scenario analyses
for OS. However, it should be noted that the additional structural assumption, specifically that those
patients’ who are alive at 2-years (in either treatment group) will subsequently revert to the same
HRQoL and long term costs as the PF state, limits the impact of different PFS approaches to the 1st 2years of the model. After 2-years, no distinction is made in terms of cost and utilities and all
remaining patients are assumed to be progression-free.
As previously noted, the 2-year time point was selected based on clinician feedback and evidence
from Maurer et al (2014)22, to represent the point at which remaining survivors may be considered to
be potential ‘long-term’ survivors of DLBCL. As previously highlighted, the ERG considers that
based on Howlader et al (2017)25 a 5-year time point may be more appropriate.
The ERG also considers the main source of uncertainty in relation to the PFS estimates for the
comparator regimens to be the decision to use the Eyre (2016) study in the company base case. As
noted in previous sections, the ERG considers that the PIX301 and SCHOLAR-1 studies may be more
appropriate choices for the comparator data source. However, the ERG reiterates that the results
derived from comparisons with PIX301 address a population of patients who are not eligible for
autologous SCT. The ERG acknowledges the concerns expressed regarding the high rate of SCT in
the SCHOLAR-1 studies and the potential implications for PFS and OS extrapolations. The ERG also
considers the CORAL extension studies of salvage chemotherapies to be relevant to the submission
and that the separate survival curves (SCT and no SCT) provide a way to more explicitly address the
uncertainties surrounding the likely SCT rate in clinical practice.
The use of the CORAL extension study is further explored by the ERG in Section 5.
4.2.7

Adverse events

Adverse events (AEs) from treatment with tisagenlecleucel and the comparator regimens were
considered in the company’s model to capture the costs and disutility associated with these events.
AEs grade 3-4 occurring in 5% or more of subjects on the studies informing each treatment group
were included in the model. The model also considered B-cell aplasia of any grade for patients
receiving tisagenlecleucel
The AE rates for tisagenlecleucel were sourced from the JULIET trial (8th December 2017 data cut-off
date). The company does not justify why Schuster 2017 [NCT02030834] was not used as a data
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source for these parameters, but states in Section B.2.9 of the CS that adverse reactions were in this
trial were consistent with those observed in JULIET. Furthermore, the Schuster 2017 [NCT02030834]
reported adverse events for all patients in the study and not separately for the population of interest
(DLBCL).
The AE rates for pixantrone and salvage chemotherapy were sourced from trial data from PIX30117
and Witzig et al. (2008)18, a trial of r/r DLBCL patients treated with R-DHAP, respectively. The CS
states that the only [R-]Gem-Ox or [R-]GDP trial identified from the clinical systematic review26 did
not comprehensively report the incidence of AEs, and that safety outcomes were not reported in the
SCHOLAR-18. Witzig et al. (2008) was used for salvage chemotherapy given that it reported AE rates
in sufficient detail and included AEs identified by one UK clinician being associated with salvage
chemotherapy regimens (febrile neutropaenia, and nausea and vomiting). The company also notes that
R-DHAP is one of the more intensive salvage chemotherapy regimens compared to [R-]Gem-Ox or
[R-]GDP, and that only a third of patients on Witzig et al. (2008) had received rituximab in previous
lines of treatment.
The adverse event rates applied in the model for each treatment are shown in Table 13.
Table 13 Adverse events rates applied in the model
Tisagenlecleucel

Salvage chemotherapy

Pixantrone

Abdominal Pain

****

0.0%

7.4%

Acute kidney injury

****

3.5%

0.0%

Anaemia

*****

22.8%

5.9%

Anorexia

****

5.3%

2.9%

Blood creatinine increased

****

7.0%

0.0%

Cytokine release syndrome

*****

0.0%

0.0%

Diarrhoea

****

7.0%

0.0%

Dyspnoea

****

0.0%

5.9%

Fatigue

****

12.3%

2.9%

Febrile neutropenia

*****

22.8%

7.4%

Hypokalaemia

****

22.8%

2.9%

Hypophosphatemia

*****

0.0%

0.0%

Hypotension

****

0.0%

2.9%

Infection

*****

5.3%

5.9%

Nausea

****

17.5%

0.0%

Neutropenia

*****

78.9%

41.2%

Neutrophil count decreased

*****

0.0%

4.4%

Platelet count decreased

*****

0.0%

2.9%

Pyrexia

****

0.0%

4.4%
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Thrombocytopenia

*****

91.2%

11.8%

Vomiting

****

12.3%

0.0%

White blood cell count
decreased

*****

0.0%

23.5%

*Includes

upper tract infection

The AE rates were applied in the model to estimate associated costs of grade 3-4 AEs, but not for the
estimation of treatment related disutility which was applied as a one off utility decrement at the first
cycle to all patients in the model.
4.2.8
4.2.8.1

Health related quality of life
Systematic review of utilities and HRQoL

The company reports in Appendix H of the CS a systematic literature review conducted to identify
any relevant HRQoL data for adult patients with r/r DLBCL who have failed at least two previous
treatment regimens. The search strategies are reported in full in Table 25 (Appendix H of the CS).
Searches were conducted on the same dates and online databases, conference proceedings, and HTA
and other relevant websites used for the cost-effectiveness review, as well as using the same
inclusion/exclusion criteria.
The systematic search identified 387 records (PRISMA diagram, Appendix H, p124) with 303
remaining after removal of duplicates. No additional records were identified from conference
proceedings or searches of HTA or other relevant websites. Three full texts were screened and none
was considered to meet the inclusion criteria. Despite not identifying any studies containing relevant
HRQoL data, the company extracted health state utility values from a previous NICE TA27 (Table 37,
CS, p113) and applied these in a scenario analysis. It is unclear how these estimates were identified.
Similarly, disutility values associated with adverse events were also sourced from the published
literature, but the process by which they were identified is not described.
4.2.8.2

Health state utilities

The company reflected HRQoL in the model by assigning utility estimates to each of the three health
states. Base-case estimates for the PF and PD health states were derived from SF-36 data collected in
the JULIET trial and mapped to EQ-5D. The health state utilities were assumed to be independent of
treatment group. The company applied alternative utility estimates sourced from NICE TA306 in a
scenario analysis.
The company stated that mapping was required to generate utilities as the JULIET trial did not collect
EQ-5D data. EQ-5D utility values were derived from SF-36 dimension scores by applying a published
mapping algorithm28. The performance of the algorithm has been validated in a large sample (n=
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23,179) from a UK registry of hospital inpatients and outpatients. The company noted that they did
not identify any mapping algorithms from SF-36 to EQ-5D utility values developed specifically for a
lymphoma population. It is unclear which of the model specifications for the mapping algorithm
developed by Rowen et al. (2009) was used to derive the EQ-5D estimates, but all the models were
considered by the authors reliable and accurate across inpatient and outpatient settings and medical
conditions. The authors also found that all models over-predict for more severe patients (EQ-5D score
lower than 0.500)28. The ERG considers that mapping of utilities is an appropriate approach to derive
EQ-5D utilities in the absence of EQ-5D trial data, but notes that this will increase uncertainty and
error around the estimates of HRQoL29.
The JULIET (8th December 2017) trial collected SF-36 data at screening, 3, 6, 12, and 18 months.
These responses were grouped into three categories: i) relapsed state before treatment (assessments
prior to treatment start date – baseline utility) (*****), ii) for patients in PFS (****), and iii) for
patients on post-PFS (patients on or after the PFS event or the censoring date) (****). Utility values
for each of these categories were estimated using a generalised estimating equation model with a
robust variance estimator to account for correlation within patients' repeated assessments, and are
reported in Table 35 and Figure 34 of the CS.
A summary of the health state utilities applied in the economic model is presented in Table 14. The
utility estimates applied in the base-case are generally higher than those applied in the scenario
analyses, which were sourced from the i) company’s original model and ii) the revised model for
TA306 14. The ERG notes that the utilities in TA306 the appraisal committee considered the utilities
in the manufacturer’s original model an overestimation of the quality of life for patients with multiply
relapsed or refractory NHL. The utility estimates applied in the revised model for TA306 correspond
to those of patients with renal cell carcinoma and receiving 2nd line treatment.
Table 14 Summary of health state utility values applied in the model
State

Base-case
Mean utility (SE)

Scenario analysis
Mean utility

Source/Justification

Progression Free

***********

Company model: 0.81
Revised model: 0.76

Progressed disease

***********

Company model: 0.60
Revised model: 0.68

Base-case: JULIET trial
Scenario analysis: Utility estimates
from TA306 14 in the company
model and model revised following
the appraisal consultation stage

Pre-progression after 2
years survival

****

10% percentage decrement
to general population utility

Base-case: Survivors at 2 years
assumed long-term survivors based
on clinical opinion and published
evidence 22

The company’s base-case assumes that patients still alive after 2 years were long-term survivors and
take the utility of the PF state irrespective of state membership. This assumption is justified based on
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clinical opinion and Maurer et al. (2014)22. The ERG considers that there is limited evidence to
support cure at two years post-treatment, and excess mortality appears to persist for up to five years
post-treatment25 The ERG explores alternative assumptions on HRQoL of long-term survivors in
Section 5.
The small sample size of the analysis from which health state utility values were derived is, alongside
the use of mapping to derive utilities, a source of uncertainty. Furthermore, given the short-follow-up
of the JULIET trial, the PD state utility is likely to have been measured close to the progression event,
and thus is unlikely to be reflective of the entire period of progressive disease. However, the ERG
considers that the uncertainty surrounding the utility of progressive disease is unlikely to be a key
driver of cost-effectiveness, given that the majority of patients who experience progression will die
within a relatively short time frame. The majority of QALY gains is the model are driven by QALYs
accrued in the extrapolation of OS, and any progressed patients still alive at 2 years are assumed to
revert to the utility value of the PF state.
The model in the CS did not incorporate any age adjustments to utility estimates in their base-case,
thus assuming no HRQoL deterioration in time (unless due to disease progression). Given the long
time horizon and survival predictions for the patients receiving tisagenlecleucel, this assumption is
likely to overestimate the QALY gain and favour the cost-effectiveness of the intervention. The
company justified the non-inclusion of an age adjustment in response to points of clarification, as it
would introduce an “unrealistic drop in health utility in the second year of the analysis”. The start age
in the model (**** years) corresponds to the final year of one of the 10-year age bands reported in
Janssen et al. (2014)30, so this would imply a 6% reduction in HRQoL when starting the second year
of analysis. Nonetheless, the company updated the model to include an age adjustment to utilities in
response to points of clarification. The age adjustment was, however, a utility decrement only applied
for patients aged 65 years and older in the model. The adjustment at each age in the model beyond 55
years was calculated as the ratio between the UK population utility estimate for the age band
corresponding to the patient’s age in the model and the value in the 55-64 years old band (equal to one
in the first 10 year band). This factor is applied to all health state utilities in the model trace. The age
adjustment factor applied by the company is shown in Table 15, alongside the age adjustment factor
assuming utility decrements from age equal or greater than 55 years old that the company considered
unrealistic.
Table 15 Age adjustment factors by age in the model
Age
(years)

UK population norm

54
55-64

Age adjustment factor
Company’s approach

≥55 years

0.847

1

1

0.799

1

0.943
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65-74

0.779

0.975

0.92

75+

0.726

0.909

0.857

The ERG considers that age adjustments to health state utilities should have been included in the
company’s base-case. The approach taken by the company in response to points for clarification is
still optimistic, as it only assumes age related disutility from the age of 65 years onward (the
adjustment factor equals one for the first 10 year band). The impact of the alternative age adjustments
on health state utilities as discussed above are illustrated in *******23 for the PF health state. The PD
state is not represented as the company assumed that utility in this state will equal that of PF after 2
years survival.
*******23*******************************************************************
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The company did not explore other alternative adjustments that would allow adjusting the health state
utilities by age. Another alternative would have been to apply the equation proposed by Ara and
Brazier (2010)31 to estimate the general population utility at different ages in the model and adjust the
health state utility by applying an adjustment factor that captures age dependent utility decline over
the time horizon. The adjustment factor is the ratio between the general population utility at each age
and the corresponding value at the starting age in the model. This approach allows utility to decline
gradually with each year in the model, rather than abruptly at the end of each 10-year age band. The
resulting adjusted PF utility is also shown in Figure 21 and the ERG alternative approach to adjusting
health state utilities is applied in the ERG additional analyses in Section 5.
The ERG notes that the company did not present any scenario whereby it was assumed that patients
would return to the general population age adjusted utility at some point in time where any long-term
survivors would be assumed ‘cured’. While this may seem conservative, it is also worth noting that by
the age of 60 years old the population norm utility calculated accord to the Ara and Brazier (2010)
formula31 (see Section 5.3.3) will be lower than that of the PFS state in the base case model.
4.2.8.3

Adverse events disutilities

The disutility associated with adverse events of treatment was applied in the company’s model as a
one-off decrement at first cycle. This disutility was assumed to comprise the disutility of all AEs
except CRS, which was the only AE modelled separately. The company states that a utility
decrement of 0.15 for all AEs except CRS was applied for all treatments. This disutility estimate was
sourced from a cost-effectiveness model in patients with Hodgkin’s disease treated with salvage
chemotherapy16, but it is not clear how the source was identified or how the utility estimates in the
Guadagnolo et al. (2006) model were derived.
The AE disutilities were assumed to apply for the duration of treatment for comparators and for the
duration of the hospitalisation starting from the pre-treatment lymphodepleting regimen for
tisagenlecleucel, and are implicitly assumed to occur for every patient in the PartSA model
irrespective of health state membership (including the death state) .
Table 16 summarises the data used to estimate the AE disutilities applied in the model.
Table 16 Disutility associated with adverse events
Disutility

Duration
(days)

Disutility
per month

Number of months
disutility is applied

Disutility value
applied in the model

-0.15

***

*******

****

********

Salvage Chemotherapy
[R]-GDP

63**

-0.0129

2.00

-0.0259

Salvage Chemotherapy
[R]-GemOx

42**

-0.173

1.00

-0.0173

Tisagenlecleucel
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Pixantrone

56**

-0.0115

2.00

-0.0230

Salvage Chemotherapy
(in the DT)

53**

-0.0108

2.00

-0.0230

*Hospitalisation

duration from lymphodepleting therapy, **Treatment duration in the model
DT, decision tree

The disutility from treatment related AEs was also applied similarly for the proportion of patients
assumed to undergo leukapheresis but treated with salvage chemotherapy instead of tisagenlecleucel,
due to discontinuation (P2 in the decision tree, see Figure 15). The duration of treatment is different
than that of the comparator salvage chemotherapy, because it is assumed that salvage chemotherapy in
the decision tree is a combination in equal parts of [R]-GemOx and [R]-GDP, while the salvage
chemotherapy comparator is modelled as either [R]-GemOx or [R]-GDP.
The ERG considers that the company’s approach to estimate disutility cause by adverse events does
not reflect the safety profiles of each treatment. When calculating AE related disutilities, the CS
effectively assumes that the rates of AEs (except CRS) for the comparators occur at twice the rate as
for tisagenlecleucel. The AE rates vary considerably across treatments and by AE, as shown in Figure
21.
Figure 22 Adverse event rates in the CS

25th July 2018

100

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

The CS also presents a scenario in which AE disutility was not applied for any of the regimens,
resulting in marginal changes to the ICERs.
The company modelled the disutility associated with grade 3-4 CRS and ICU stays not due to CRS,
which were applied to patients receiving tisagenlecleucel. Both CRS and ICU stays not due to CRS
were assumed to reduce health state utility to zero for its average duration on the JULIET trial (****
and **** days, respectively). The company assumed all tisagenlecleucel patients with grade 3-4 CRS
(*****) would require an ICU stay and thus incurred the utility decrement. In contrast, the disutility
associated with ICU stays not due to CRS was applied to all tisagenlecleucel patients.
4.2.8.4

Stem cell transplant disutility

A disutility of 0.3 was applied to the proportion of patients undergoing subsequent SCT. It was
assumed that ASCT and allogeneic SCT incur the same disutility and that the loss of HRQoL would
be incurred for 365 days. The disutility estimate was sourced from the same from which the AE
disutility estimate was sourced16. It is unclear whether it is reasonable to assume that ASCT and
allogeneic SCT cause the same magnitude of disutility. However, the ERG did not identify alternative
sources of evidence for this parameter through a quick targeted literature search. Given the low SCT
rates in the majority of analyses and the short time period over which the disutility is applied, this
parameter is unlikely to be a driver of cost-effectiveness, and is not explored further by the ERG.
4.2.8.5

Other disutilities

The CS does not explicitly incorporate disutility resulting from leukapheresis, lymphodepleting or
bridging chemotherapy.
4.2.9

Resources and costs

The CS provided a detailed description of resource use and cost. These included pre-treatment,
treatment and administration costs of the technologies under comparison, costs of subsequent SCT,
costs related to the health states, and adverse events.
4.2.9.1

Systematic review of resource use and costs

The company briefly describes a systematic literature review conducted to identify any relevant cost
and healthcare resource use data associated with the treatment of adult patients with r/r DLBCL who
have failed at least two previous treatment regimens. The search strategies are reported in full in Table
26 (Appendix I of the CS). Searches were conducted on the same dates and online databases,
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conference proceedings, and HTA and other relevant websites as for the cost-effectiveness review, as
well as using the same inclusion/exclusion criteria.
The systematic search identified 304 records (PRISMA diagram, Appendix I, p127, with 247
remaining after removal of duplicates. Three full texts were screened and none was considered to
meet the inclusion criteria. No additional records were identified from conference proceedings or
searches of HTA or other relevant websites. The search identified 5 publications, corresponding to 4
unique studies. The characteristics and a summary of extracted data from the included studies were
presented in Appendix I of the CS (Table 27).
Only one of the identified studies, Wang et al (2017), a discrete event based micro-simulation
modelling study, had a UK setting32. The other three studies were all conducted in the US. The CS
did not discuss the relevance of the studies and why this evidence was mostly not incorporated in the
model. The rate of rituximab use for salvage chemotherapy regimens in one of the scenario analysis
applies an estimate derived from one of the identified studies33, and the economic model allows using
an estimate of ASCT costs from Wang et al (2017)32. Health state costs and resource use in the model
were sourced from one13 of the studies identified by the cost-effectiveness review and from the NICE
clinical guideline on NHL34. It is unclear how these sources, and other references cited as source of
resource use and/or costs were identified.
4.2.9.2

Tisagenlecleucel treatment costs

The cost of tisagenlecleucel treatment included the costs of pre-treatment (leukapheresis, bridging
chemotherapy, lymphodepleting chemotherapy) and treatment (tisagenlecleucel acquisition, and
hospitalisation for treatment administration and monitoring). These costs were assumed to be incurred
in the first model cycle.
Table 17 summarises the tisagenlecleucel costs per patient who undergoes leukapheresis (***** of the
tisagenlecleucel patients in the model) and continues to infusion with tisagenlecleucel, alongside the
sources and associated assumptions. A confidential Patient Access Scheme (PAS) discount of **% off
the tisagenlecleucel list price is currently under discussion with NHS England.
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Table 17 Summary of tisagenlecleucel treatment costs applied in the model
Element of cost

Cost

Source/Assumption

Leukapheresis

£1,020.08

NHS reference costs 2016/17, corresponding HRG code (elective patients, currency code: SA43Z)

Bridging
chemotherapy

Administration
£379.09

Administration in outpatient setting:
 NHS reference costs 2016/17, combination of the currency codes for Simple Chemotherapy, including
Prolonged Infusional Treatment, at First Attendance (SB12Z ) and subsequent deliveries of simple
chemotherapy (SB15Z)
 Assumes two separate visits for administration

Drug acquisition
£726.46

Lymphodepleting
chemotherapy

Outpatient
admission
£379-584 per
admission
£34.08 in total

Drug acquisition
 Costs of one cycle of either [R-] Gem-Ox or [R-] GDP (see Table 18).
 It is assumed that 50% of patients are infused with rituximab.
Outpatient visit:
 NHS reference costs 2016/17, as for administration of bridging chemotherapy
 ***** of patients assumed to receive lymphodepleting chemotherapy in outpatient setting as per
JULIET trial (8th December 2017 cute-off date).
 Costs of hospitalisation for administration are assumed to be captured by the hospitalisation cost
included for tisagenlecleucel administration.

Drug acquisition
£95.11

Drug acquisition:
 Regimen 1: 3 infusions of cyclophosphamide 250 mg/m2 and fludarabine 25 mg/m2
 Regimen 2: 2 infusions of bendamustine 90 mg/m2
 Source of unit costs: eMIT (generic drugs) and BNF (branded drugs)
 BSA percentile used to estimate dose and vial combination, and proportion of patients receiving each
regimen, sourced from JULIET trial
 Assumes drug wastage

Acquisition of
tisagenlecleucel

£282,000

Company submission. ******** with the PAS ****) under discussion with NHS England.

Tisagenlecleucel
infusion and
hospitalisation

Infusion as
Outpatient
£17.02

Outpatient visit:
 NHS reference costs 2016/17, Deliver Complex Chemotherapy, including Prolonged Infusional
Treatment, at First Attendance (currency code: SB14Z).
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Hospital stay
£10,690.99
Critical care stay
£843.39

 ***** of patients assumed to be infused in outpatient setting as per JULIET trial (8th December 2017
cute-off date).
Hospital stay
 NHS reference costs 2016/17, weighted average of Malignant Lymphoma, including Hodgkin's and
Non-Hodgkin's, excess bed days (currency codes: SA31A-F).
 Assumed to incur hospitalisation for ***** days for ****** of patients that require hospital admission
at any point from administration of lymphodepleting chemotherapy onwards, as per JULIET trial (8th
December 2017 cute-off date).
Critical care stay
 NHS reference costs 2016/17, weighted average of Malignant Lymphoma, including Hodgkin's and
Non-Hodgkin's, excess bed days (currency codes: SA31A-F).
 All patients assumed to incur a critical care stay for **** days, the average LOS recorded in the JULIET
trial (8th December 2017 cute-off date).

Total cost in the
model per infused
patienta
a

***********

Assuming bridging chemotherapy is [R-]GDP. BNF: British National Formulary; eMIT: electronic Marketing Information Tool: LOS Length of stay.
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The costs of leukapheresis is also applied for the proportion of tisagenlecleucel patients (*****) who
do not receive the cell product infusion (due to manufacture failure, adverse events, or death). It is
also assumed that only a proportion of these patients would receive bridging chemotherapy (50%) or
lymphodepleting chemotherapy (50%). The company claims that this is considered to reflect what
may happen in UK clinical practice, but do not provide a justification for this statement. The ERG
considers that the proportion of patients completing particular elements of pre-treatment is largely
unknown, but unlikely to be a driver of cost-effectiveness. The tisagenlecleucel patients (*****) that
discontinue treatment prior to infusion are assumed to receive salvage chemotherapy composed
equally of [R-]Gem-Ox or [R-]GDP. The ERG considers this to be inconsistent, and for analyses
presented in Section 5 assumes instead that the salvage chemotherapy regimens received by patients
who discontinue is the same as the regimen to which tisagenlecleucel is being compared.
Although the company’s approach to incorporating the costs of tisagenlecleucel treatment and pretreatment appears generally appropriate, the ERG notes a few areas of uncertainty. One of them
relates to the potential costs associated with patients assumed to receive tisagenlecleucel in an
outpatient setting. If patients are infused in an outpatient setting they will still require close
monitoring in case CSR and other AEs develop. Given that it is anticipated that tisagenlecleucel
treatment will only be available in specialist centres, it is likely that patients will have to travel and
will also require accommodation in the vicinity of the specialist centre even if they are not admitted. It
is therefore likely that a hospital “hostel” cost is incurred by these patients, and the ERG proposes a
scenario to explore this in Section 5.
Furthermore, the ERG notes three additional areas of uncertainty that have not been addressed in the
CS, namely those surrounding the (i) the costs of staff training, (ii) costs of bridging chemotherapy
and (iii) the costs of tisagenlecleucel for non-infused patients.
First, the company did not assign a cost of training for the health professionals who will deliver
tisagenlecleucel treatment and associated care. In points for clarification, the ERG requested the
provision of more detail on the process of administration, tracking and shipping of apheresis products
and the management of severe toxicity with emphasis on any additional resource/cost implications
that had not been formally quantified in the model. The company responded that prescribing
clinicians, nurses and ICU staff would have to undergo training, so as to comply with EMA’s
regulatory requirements, but made no attempts to quantify this element of resource use. In the US,
where CAR-T cell is commercially available, all physicians, mid-level providers, pharmacists and
nurses who will interact with CAR T-cell patients must undergo FDA mandated training as part of a
Risk Evaluation Mitigation Strategy (REMS)35. REMS aims to reduce the risks associated with CAR
T-cell therapies related adverse events, particularly CRS and neurological events. The regulatory
requirements expected to be stipulated by EMA for tisagenlecleucel will have the same general

25th July 2018

105

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

purpose and be a determinant of the effectiveness and safety of CAR T-cell therapies36. The ERG
considers that a cost of staff training should be include, but in the absence of data on the resource use
potentially associated with this cost category does not formally explore this in Section 5.
Second, although the company incorporates the costs of bridging chemotherapy to keep patients in a
stable disease state until they can be infused with tisagenlecleucel, no costs are included to account for
potential delays in the manufacture of the cell product. Only one cycle of bridging chemotherapy
(including two outpatient visits) is applied in the model. This assumption is justified based on the
feedback of one of the company’s clinical advisors. The ERG notes that the majority of patients
infused with tisagenlecleucel (*****) received bridging chemotherapy, and that it was assumed that
50% of the patients who did not proceed to infusion would have received bridging chemotherapy prior
to discontinuation or death. Given the potential for delays in the manufacture, the possibility of
receiving more cycles of bridging chemotherapy (and of any other increase on medical resource use)
for at least a proportion of the patients selected for infusion cannot be excluded. Since the company
did not present data on number of cycles of bridging chemotherapy in the period leading to infusion
and that it is difficult to predict if timing for manufacture will increase or decrease as the company up
scales production lines, the ERG did not explore alternative assumptions relating to this area of
uncertainty.
The final outstanding area of uncertainty relates to the cost of tisagenlecleucel for patients who do not
continue to infusion. The model assumes that this cost is not incurred and the company described in
response to points for clarifications the process to request replacement or credit in cases where the
patient can no longer receive tisagenlecleucel after the product has been ordered. It is unclear how this
credit would be processed and how much time would elapse before the cost could be reimbursed to
the NHS. Given the substantial cost of the technology, it is important to clarify how credit would be
processed in the NHS, and the timing for this.
4.2.9.3

Salvage chemotherapy and pixantrone treatment costs

The treatment cost of the comparators include drug acquisition and administration costs. It was
assumed that salvage chemotherapy and pixantrone are administered in an outpatient setting. Table 18
and Table 19 summarise the costs of treatment for salvage chemotherapy and pixantrone, respectively
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Table 18 Salvage chemotherapy costs
Cost
Administration

Source/Assumption
Assumes two separate outpatient visits per cycle
(£379.09)

Total cost: £1,137.26

Drug acquisition
Total cost:
 [R-] Gem-Ox: £1,978.20
 [R-] GDP: £2,179.38

Unit costs: NHS reference costs 2016/17,
combination of the currency codes for Simple
Chemotherapy, including Prolonged Infusional
Treatment, at First Attendance (SB12Z ) and
subsequent deliveries of simple chemotherapy
(SB15Z)
Assumes 3 cycles of chemotherapy based on NHS
trusts patient information leaflets 37, 38. Dosing
schedules and treatment cycle lengths regimen were
informed by national chemotherapy protocols39 for
and a trial protocol40.
[R-] Gem-Ox regimen per cycle (£659.40): 1 infusion
of gemcitabine 1000 mg/m2, oxaliplatin 100 mg/m2
and rituximab 375 mg/m2
[R-] GDP regimen per cycle (£726.46): 2 infusions of
gemcitabine 1000 mg/m2, 4 doses of dexamethasone
40 mg and 1 infusion cisplatin 75 mg/m2 and
rituximab 375 mg/m2
Rituximab assumed to be administered to 50% of
patients in either regimen

Unit costs: eMIT and BNF online (rituximab only)
Key: BNF: British National Formulary; eMIT: electronic Marketing Information Tool.

The company assumed that 50% of patients on either chemotherapy regimens would receive
rituximab in line with the opinion of their clinical advisors, but varied this assumption in a scenario
analysis. The proportion of salvage chemotherapy patients receiving rituximab in the analysis was
60.8%, based on the estimated reported on a US cohort study on the second-line treatment of DLBCL
elderly patients33 identified in the systematic review of cost studies.
In section 5, the ERG discusses which of the two chemotherapy regimens modelled by the company is
more representative of current UK practice. However, it is worth noting that other more intensive
regimens, namely ICE, IVE and DHAP (with or without rituximab), were not costed by the company.
The ERG considers that these regimens could be relevant comparators depending on the position on
the clinical pathway. However, the additional costs of these regimens were not included in the ERG
additional analyses where treatment for patients at a third or greater line setting who might be given a
non-cross resistant salvage therapy with a view to proceeding autologous SCT is considered (Section
5). The ERG acknowledges that this may slightly favour the cost-effectiveness of salvage
chemotherapy, but, given the much larger cost of tisagenlecleucel regimen, this is not predicted to
have a significant impact on cost-effectiveness estimates.
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Table 19 Pixantrone monotherapy costs
Cost
Administration
Total cost: £1,244.01

Source/Assumption
Includes a pre-treatment monitoring cost including 2
biochemistry tests, 1 blood count and 1 ECG14
First cycle
 Pre-treatment monitoring - £75.66
 Administration - £173.99 per cycle
Subsequent cycles
 Administration - £205.09 per cycle
Unit costs:
 Pre-treatment monitoring: NHS reference costs
2016/17, currency codes DAPS04, DAPS08,
and weighted average of IMAGDA, IMAGOP,
IMAGOTH
 Administration: NHS reference costs 2016/17,
combination of the currency codes for Simple
Chemotherapy, including Prolonged Infusional
Treatment, at First Attendance (SB12Z ) and
subsequent deliveries of simple chemotherapy
(SB15Z)

Drug acquisition
Total cost: £13,284.00

Assumes dosing schedule, number of infusions per
cycle and cycle length informed by trial data and
SmPC 17 4 The average number of cycles (2) was
taken from Eyre et. al. 2016 3 for the base-case. When
data from PIX301 17 was used to model survival the
number of cycles was updated to 4, so as to reflect the
median number of cycles reported in the trial.
Pixantrone 50mg/m2 - £6,642.00 per cycle
Unit costs: BNF online

Key: BNF: British National Formulary; ECG, echocardiogram; eMIT: electronic Marketing Information
Tool; SmPC, summary of product characteristics.

Despite acknowledging that pixantrone monotherapy is only recommended for use in the NHS in
England when it is provided with a PAS discount, the company only used the list price of pixantrone
in the cost-effectiveness analysis. The company justifies not including the pixantrone PAS due to its
confidentiality. The ERG notes that despite the existence of a similar issue with tocilizumab, a drug
used to manage CRS, the company presents a scenario analysis with a hypothetical PAS discount for
tocilizumab. The ERG presents a scenario analysis incorporating the PAS discount for pixantrone in a
confidential appendix to this report.
4.2.9.4

Subsequent stem cell transplant costs

The model allows for the inclusion of costs associated subsequent SCT for all treatments under
comparison. In the company’s base-case, these costs are only included for patients receiving
tisagenlecleucel. The cost of SCT is not included for salvage chemotherapy and pixantrone, as SCT
rates were not reported in Eyre et al. (2016) 3. Table 20 summarises the rate of SCT applied in the
company’s base-case and scenario analysis.
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Table 20 Rates of SCT in the model
Tisagenlecleucel

Salvage Chemotherapy

Pixantrone

AlloSCT

ASCT

AlloSCT

ASCT

AlloSCT

ASCT

Base-case

*****

****

0.00%

0.00%

0.00%

0.00%

Scenario analysis

0.00%

0.00%

11.75%

18.10%

0.00%

0.00%

Key: AlloSCT, allogeneic stem cell transplant; ASCT, autologous stem cell transplant.

Allogeneic and autologous SCT are assumed to incur different costs. The rates of both types of SCT
are sourced from the JULIET trial (8th December date cut off) for tisagenlecleucel. SCT costs are only
included for salvage chemotherapy in a scenario analysis where SCHOLAR-1 is used as the source of
effectiveness data for this comparator. In this analysis, the overall rate of SCT (29.9%) from
SCHOLAR-18 is assumed with the proportion of patients receiving autologous and allogeneic SCT
based on the rates reported on the two extension studies of the CORAL trial 6, 7.
The rates of SCT reported for tisagenlecleucel was informed by the Full Analysis Set (FAS, all
patients who received tisagenlecleucel infusion) in the JULIET trial (company’s response to the points
of clarification, P41). The rates of allogeneic and autologous transplant in the Efficacy Analysis Set
(EAS, comprising only patients who received tisagenlecleucel infusion at least 90 days prior to the
data cut-off date) are ****% and ****%, respectively. The company justifies the use of the FAS data
to be appropriate and consistent with use of the same data to inform OS and PFS. The ERG notes,
however, that the OS and PFS data were extrapolated using survival analysis models which account
for censoring. Since not all patients in the FAS would have been assessed for response (assumed to
occur 3 months after infusion) and treatment with SCT requires response assessment, some of those
not assessed yet (***) could have gone on to receive SCT. Applying the rates of SCT from the FAS
instead of EAS is effectively equivalent to censoring the patients not yet assessed for response, which
will introduce bias in the analysis since no time to transplant method was used to derive the
probability of SCT. Thus, the ERG consider that the rates of SCT in EAS constitutes a more
appropriate source for these parameters, and addresses this issue in Section 5.
The costs of SCT includes: (i) the initial cost of transplant, including the cost of stem cell harvesting,
the procedure, and (ii) the cost of long-term care post-transplant (up till 2 years after procedure). The
costs applied in the company’s base-case and scenario analysis are summarised on Table 21.
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Table 21 Costs of subsequent stem cell transplant
SCT costs

Stem cell
harvesting

ASCT

Long-term followup

Total

Procedure

£17,324.84

£7,781.73

£28,398.07

Source
Stem cell harvesting cost and procedure cost: NHS National
Reference Cost schedule 2016–17 41
Follow-up cost:
 Allo SCT: UK Stem Cell Strategy Oversight Committee
(2004) 42
 ASCT: calculated as a proportion of allogeneic SCT costs
based on the relative cost of allogeneic SCT compared to
autologous SCT, as reported in Blommestein et al. (2012) 43

Scenario analysis

Base-case

£3,291.49
£41,325.56

AlloSCT

NICE NG52 guideline 34, costs inflated to 2016/17 price year

£88,622.30

S1. AlloSCT

S2. AlloSCT

£81,718.44

£38,672.55

S1. ASCT

S2. ASCT

£39,275.00

Not reported

Manufacturer’s base case in TA478 44, costs not inflated to
2016/17 as original submission did not state year of analysis.

£53,790
£108,502

Key: AlloSCT, allogeneic stem cell transplant; ASCT, autologous stem cell transplant; S1, scenario one; S2, scenario two.
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The electronic model submitted by the company also allows changing the costs of ASCT to those of
Wang et al (2017)32 (£43,706.02, inflated to 2016/17 price year), one of the studies identified in the
systematic review of cost studies in the CS. No scenario analysis where this alternative estimate of
SCT costs is incorporated was presented in the CS. The scenario analysis where SCT costs were
varied to those of previous NICE appraisals had modest impact on the ICERs.
The total costs of SCT in the CS was applied as a one-off cost to the first-cycle in the model. The
ERG notes that the cost of SCT follow-up includes costs incurred over a two years period, yet an
annual discount rate is not applied for costs in the second year. The ERG addresses this issue in
section 5.
As discussed in section 4.2.6., the ERG considers that the sources of effectiveness used by the
company to inform the effectiveness of the comparators are not appropriate to model the
counterfactual to the population in the JULIET trial. The company’s base-case assumption that
patients treated with the comparator therapies do not undergo SCT is conservative (reduces the costs
and disutility from SCT for the comparators), but the rates of SCT in the counterfactual (i.e. the
source of effectiveness data for the comparator) to the JULIET population are largely uncertain. Thus,
the ERG models the comparator’s rates of SCT in Section 5 as a range of plausible estimates.
4.2.9.5

Health state costs

The company described in section B.3.5.2 the medical resource use costs associated with the PFS and
PD health states.
The cost of PFS include follow-up costs consisting of physical check-ups and routine monitoring
activities (Table 45, CS p123) with resource use informed by the JULIET trial for tisagenlecleucel
and by the NICE NHL guidelines (NG52)34 for the comparators. The cost is assumed to vary
according to the year of follow-up, decreasing as monitoring becomes less intensive. The costs of PFS
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applied in the model for each regiment are summarised in Table 13 Adverse events rates applied in
the model in Table 22.
Table 22 Costs of PFS applied in the model
PFS year

Tisagenlecleucel

Salvage
Chemotherapy

Pixantrone

Year 1

£415.60

£69.08

£69.08

Year 2

£113.77

£69.08

£69.08

Year 3-5

£72.79

£34.54

£34.54

Post year 5

£15.24

£34.54

£34.54

The cost of medical follow-up in PD included professional and social services cost, health care
professional costs, treatment follow-up costs and hospitalisation costs for r/r DLBCL patients in PD
(Table 46, CS p124), sourced from a cost-effectiveness model proposed by Muszbek and colleagues13
with similar inputs and structure to the company’s submission in the NICE appraisal for pixantrone.
The monthly cost of post-progression applied in the model corresponds to £3,390.30. These costs
were applied at each cycle in the model following disease progression up to and including the
penultimate cycle before death. A terminal care cost of £2,653.73 was assumed for the last month
before death, based on a the costs of adult patients with a cancer diagnosis estimated on a study on the
costs of care at the end of life45. The costs in PD (including terminal care costs) were assumed to be
the same for all regimens.
Similarly to the approach taken to health state utilities, it was assumed that patients alive in the model
after 2 years are long-term survivors, and, therefore, the health state costs are the same as for PFS
regardless of health care state occupied and for all regimens under comparison. The ERG notes that
the cost of long-term survivors in PFS is assumed to be that of PFS post year five on PFS according to
Table 22, which seems to be in contradiction with the time point assumed for establishing long-term
survival (2 years). The rationale for assuming different costs of long-term survivors depending on
treatment is also not justified by the company. However, the ERG does not consider this to be a driver
of cost-effectiveness as in an exploratory analysis (results not presented) equalising the costs of longterm survivors had an impact on the ICER of approximately £1.
4.2.9.6

Adverse events costs

The cost of adverse events grade 3-4 occurring in 5% or more of subjects on the studies informing
each treatment group were included in the model. The model also considered B-cell aplasia of any
grade for patients receiving tisagenlecleucel. The costs associated with the majority of the adverse
events were estimated by applying the AE rates to the unit costs derived from NHS reference costs or
a previous NICE TA 14. These are summarised in Table 23. The costs of CRS and B-cell aplasia
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(Table 24) were considered treatment specific and only applied to tisagenlecleucel. All AE costs were
applied as one-off costs in the first cycle of the model.
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Table 23 Adverse event rates and costs applied in the model
Tisagenle
cleucel

Salvage
Chemotherapy

Pixantrone

Abdominal Pain

****

0.0%

7.4%

£388.13

FD05B; DC

Acute kidney injury

****

3.5%

0.0%

£366.74

Weighted average of LA07M-P; DC

Anemia

*****

22.8%

5.9%

£315.50

Weighted average of SA01G-K, SA03G-H, SA04G-H, SA04J-L, SA05G-H, SA05J; DC

Anorexia

****

5.3%

2.9%

£381.32

Weighted average of FD04C, FD04D, FD04A; DC

Blood creatinine increased

****

7.0%

0.0%

£440.94

Weighted average of LA09M, LA09N, LA09P, LA09Q; DC

Diarrhea

****

7.0%

0.0%

£392.26

Weighted average of FD10J, FD10K-M; DC

Dyspnoea

****

0.0%

5.9%

£437.12

Weighted average of DZ19L, DZ19M, DZ19N; DC

Fatigue

****

12.3%

2.9%

£91.77

As per TA306 pixantrone 14; inflated to 2017

Febrile neutropenia

*****

22.8%

7.4%

£1,778

As per TA306 pixantrone 14; inflated to 2017

Hypokalemia

****

22.8%

2.9%

£331.92

Weighted average of KC05G, KC05H, KC05J-N; DC

Hypophosphatemia

*****

0.0%

0.0%

£331.92

Assumed the same as hypokalemia

Hypotension

****

0.0%

2.9%

£413.09

EB04Z; DC

Infection

****

5.3%

5.9%

£422.27

Weighted average of WH07B-G; DC

Nausea

****

17.5%

0.0%

£609.63

As per TA306 pixantrone 14; inflated to 2017

Neutropenia

*****

78.9%

41.2%

£329.68

Weighted average of SA35A-E; DC

Neutrophil count decreased

*****

0.0%

4.4%

£329.68

Assumed the same as neutropaenia

Platelet count decreased

*****

0.0%

2.9%

£307.53

Assumed the same as thrombocytopenia

Pyrexia

****

0.0%

4.4%

£444.39

Weighted average of WJ07A-D; DC

Thrombocytopenia

*****

91.2%

11.8%

£307.53

Weighted average of SA12G-SA12K; DC

Vomiting

****

12.3%

0.0%

£609.63

As per TA306 pixantrone 14; inflated to 2017

White blood cell count decreased

*****

0.0%

23.5%

£329.68

Assumed the same as neutropaenia

*Except

Costs
NHS reference costs 2016/17 41 currency codes*

where other source is referenced; DC, day case
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Table 24 summarises the costs of managing CRS and B-cell aplasia.
Table 24 Costs of CRS and B-cell aplasia
Adverse event

Resource use

Source of unit cost
Assumes that *** of patients receive and **** doses of tocilizumab
(average dose) on JULIET

CRS

Drug acquisition
£921.60

Tocilizumab 8 mg/kg (JULIET protocol)
One scenario analysis included a hypothetical 20% PAS discount on
the cost of tocilizumab, as the actual PAS is confidential.
Source of unit costs: BNF online
Assumes incidence of ****% (Grade 3-4 CRS) and ********* of
hospital stay

Total cost:
£9,957.74

Hospital admission
£9,036.14

B-cell aplasia

IVIG administration
£173.99/ month

Source of unit costs: NHS Reference Costs, Weighted average of
HRGs for medical adult patients (unspecified specialty);Critical Care
(currency codes: XC01-7Z)
NHS Reference Costs 41 Cost of Deliver Simple Parenteral
Chemotherapy at First Attendance (SB12Z)
Assumes incidence of ****%, based on JULIET data; treatment
duration of 11.4 months; and drug wastage

Total cost:
£3,286.06

Drug acquisition
£1,710.00/ month

400 mg/Kg every 4 weeks 46
Source of unit costs: BNF online

The costs of treating CRS were assumed to include the cost associated with ICU admission and
treatment with tocilizumab. The company clarified that the duration of ICU **** days applied in the
model results from adjusting the mean duration of grade 3-4 CRS related ICU stay in JULIET (***
days) to reflect the patients experiencing grade 1-2 CRS who required the an ICU stay. Following
response to clarification points the company updated the model by removing this adjustment. The
ERG considers that the initial approach to adjust duration is more appropriate given that ICU stays
translate into a relevant cost, irrespective of the seriousness of the adverse event.
The company applied the cost of CRS to ***** of patients (Grade 3-4 only), but the ERG notes that
********************) of patients were admitted to ICU due to all grade CRS in the JULIET trial.
Furthermore, the ERG considers that it is possible that the provision of tisagenlecleucel in specialist
centres may require an ICU bed to be available during the period a patient is considered to be at risk
of CRS, regardless of whether they then actually experience a serious AE. The potential costs of ICU
beds due to CRS are discussed further in section 5.
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The cost of treating B-cell aplasia included administration and acquisition costs of IVIG. The B-cell
aplasia rates were not collected in the JULIET trial. However, the company modelled the management
of this AE by assuming that the proportion of patients on JULIET who experienced decreased blood
immunoglobulin G, decreased immunoglobulins, hypogammaglobinemia and immunodeficiency
common variable of any grade were treated with intravenous immunoglobulins (IVIG). The duration
of treatment was assumed to be 11.4 months based on the median time of B-cell recovery reported in
a pooled analysis of two trials of tisagenlecleucel in patients with ALL47. The ERG could not verify
the estimate for duration of IVIG, as the reference submitted by the company is only an abstract to a
poster presentation. The same estimate of 11.4 months was applied in the US ICER report base-case
with the same reference cited15. However, in the same report is also mentioned that a Novartis briefing
document for the FDA Advisory Committee stated that responding patients experienced continued

B-cell aplasia indicating the long-term effect of tisagenlecleucel” and noted B-cell aplasia
ongoing for > 3 years. Given the potential high costs of treating B-cell aplasia, and that duration of
AE may be linked to the response to treatment duration, the ERG considered this an important area of
uncertainty. The ERG requested in points for clarification that the company presented scenarios
where the duration of IVIG treatment duration was assumed to be 0 months and a lifetime. The
company considered the lifetime duration of IVIG to be clinically implausible and only presented the
0 months duration scenario. The ERG explores alternative durations for IVIG treatment in section 5.
4.2.10 Cost effectiveness results
4.2.10.1 Base-case results
The company’s base-case deterministic results are presented in Table 25 (list price for
tisagenlecleucel) and Table 26 (including the proposed PAS for tisagenlecleucel). The results are
presented as pair-wise comparisons between tisagenlecleucel and each of the comparators ([R-]GemOx, [R-]GDP or pixantrone monotherapy).
Tisagenlecleucel was more costly, but also more effective compared to any of the comparators. The
resulting deterministic ICERs for tisagenlecleucel vs each comparator regimen ranged between
£****** and £****** per QALY gained (list price) and between £44,648 and £47,684 per QALY
gained (PAS price).
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Table 25 Company base-case deterministic cost-effectiveness results (tisagenlecleucel list price)
Intervention

Total costs
(£)

Total
LYG

Total
QALYs

Tisagenlecleucel

********

****

****

[R-]Gem-Ox

*******

****

[R-]GDP

*******

Pixantrone
monotherapy

*******

ICER

Inc costs
(£)

Inc LYG

Inc QALYs

****

********

****

****

*******

****

****

********

****

****

*******

****

****

********

****

****

*******

(£/QALY)

Table 26 Company base-case deterministic cost-effectiveness results (tisagenlecleucel PAS)
Intervention

Tisagenlecleucel
[R-]Gem-Ox
[R-]GDP
Pixantrone
monotherapy

Total costs

Total

Total

Inc costs

(£)

LYG

QALY

(£)

********

****

****

*******

****

****

********

****

****

£47,684

*******

****

****

********

****

****

£47,526

*******

****

****

********

****

****

£44,648

Inc LYG

Inc QALYs

ICER
(£/QALY)

As the same source of effectiveness was used to model the survival of patients on salvage
chemotherapies and pixantrone monotherapy in the base case analysis, tisagenlecleucel was
associated with the same incremental life-years gain versus each of the comparator regimens.
However, the incremental QALYs for tisagenlecleucel versus each individual comparator are
marginally different due to separate assumptions concerning the disutility from treatment related AEs
(variable durations across the comparator regimens).
The ERG notes that the company did not present a fully incremental analysis of the ICER comparing
all the relevant treatment options. The ERG highlights that in the company’s base-case analysis, [R]GDP and pixantrone monotherapy are dominated by [R-]Gem-Ox (i.e. most costly and less
effective). Hence the relevant ICER in a fully incremental analysis is the ICER reported between
tisagenlecleucel and [R-]Gem-Ox. However, the ERG highlights that assuming identical survival
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across each of the 3 comparator regimens inevitably limits any firm conclusions being drawn
regarding the relative cost-effectiveness of the alternative comparators.
Disaggregated summaries of QALY gains and cost differences were reported in the company
appendices for tisagenlecleucel versus each individual comparator regimen. In order to illustrate
where the QALY and cost differences are generated, the ERG focus only one specific comparison
([R-]Gem-Ox) and the PAS analyses. However, the general findings are consistent across each of the
comparator regimens and the list price analyses.
The majority of QALY gains for tisagenlecleucel were generated within the ‘Progression-free’ state as
shown in Table 27.
Table 27 Summary of QALY gains by health state (tisagenlecleucel vs [R-]Gem-Ox)
Health State

QALY
tisagenlecleucel

QALY salvage
chemotherapy

Increment

Absolute
increment

Absolute
increment
(%)

Progressionfree

****

****

****

****

***

Progressive
disease

****

****

****

****

**

Treatment and
AE disutilities

*****

*****

****

****

**

Subsequent
SCT disutilities

*****

****

*****

****

**

Total

****

****

****

****

****

The summary of disaggregated costs demonstrates the majority of the difference in total costs arises in
the progression-free state (Table 28) due to the higher acquisition costs of tisagenlecleucel (Table 29).
Table 28 Summary of disaggregated costs by health state (PAS price)
Health State

Cost
tisagenlecleucel

Cost salvage
chemotherapy

Increment

Absolute
increment

Absolute
increment
(%)

Progressionfree

********

******

********

********

***

Progressive
disease

*******

*******

******

******

**

Total

********

*******

********

********

****
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Table 29 Summary of disaggregated costs by item (PAS price)
Item

Cost
tisagenlecleucel

Cost salvage
chemotherapy

Increment

Absolute
increment

Absolute
increment
(%)

Pre-treatment

******

**

******

******

**

********

******

********

********

***

Adverse
Events

******

******

******

******

**

Follow-up

******

****

******

******

**

Subsequent
SCT

******

**

******

******

**

Postprogression

*******

******

******

******

**

Terminal
Care

******

******

*****

****

**

********

*******

********

********

****

Treatment

Total

4.2.10.2 Sensitivity analysis
Probabilistic sensitivity analysis
The company performed a probabilistic sensitivity analysis (PSA) where parameters were sampled
probabilistically from distributions based on 2,000 simulations. Full details of the PSA inputs and
associated distributions are reported in the CS (Table 54; p135).
The decision tree inputs were modelled using Dirichlet and beta distributions. The efficacy inputs for
the partitioned survival analysis model were modelled using parametric estimates of bootstrapped
samples of the original IPD or pseudo-IPD data used for the OS and (where available) PFS estimation
in the base case. For each PSA iteration, the base case parametric function parameters for each arm
were estimated based on one bootstrapped sample. The rank ordering of the utility estimates for PF
and PD were preserved using the difference method for sampling outlined by Ren et al (2018)48.
Where data on the precision of a variable was available, the standard error of the selected distribution
was obtained directly from the same data source that informed the mean value. In the absence of data
on the precision around health state cost values, the standard error for each cost parameter was
assumed to be equal to the mean value divided by four.
The ERG considered that the company appropriately characterised parameter uncertainty within the
PSA. However, as only one salvage chemotherapy regimen (either [R-]Gem-Ox or [R-]GDP) can be
selected during a given analysis, the PSA results were separately presented in two separate analyses.
The mean probabilistic ICERs (list and PAS prices) are summarised in Table 30. The costeffectiveness plane and acceptability curves were presented in the CS. The ERG considers that the
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probabilistic ICERs represent the most appropriate estimates for the purposes of decision making.
The probabilistic ICERs reported are slightly higher than the deterministic estimates. This indicates
that there is some non-linearity in the model that should be accounted for in the mean ICER estimates.
Table 30 Company base-case probabilistic ICER results
List price
Intervention

Incr. costs

Incr.
QALYs

With PAS
ICER
(£/QALY)

Incr.
QALYs

ICER
(£/QALY)

********

****

£50,963

********

****

£47,846

********

****

£50,793

********

****

£47,861

Incr. Costs

Probabilistic results with (R-)Gem-Ox as salvage chemotherapy
[R-]Gem-Ox

********

****

*******

Pixantrone
monotherapy

********

****

*******

Probabilistic results with (R-)GDP as salvage chemotherapy
[R-]GDP

********

****

*******

Pixantrone
monotherapy

********

****

*******

Deterministic sensitivity analysis
The company presented a series of one-way deterministic sensitivity analyses to assess the impact of
varying key model input parameters on the ICER. Parameter values were varied based on the upper
and lower bounds of the 95% CI, or by ±25% of their mean value.
Figure 24 shows a tornado diagram summarising the 20 most influential parameters reported by the
company for the comparison of tisagenlecleucel versus [R-]Gem-Ox (PAS analysis). Similar figures
were presented in the CS for each of the comparators and for the list price and PAS analyses. The
most important drivers in the model were consistently identified across the separate comparisons to be
the utility assigned to the PF health state, the starting age of patients in the model, and the subsequent
SCT rate for tisagenlecleucel. However, the company noted that the base case ICER results appeared
relatively insensitive to the majority of the parameter values. The most influential parameter (utility of
PF state) resulted in changes in the ICER of approximately £3,000 per QALY.
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Figure 24 Tornado diagram – tisagenlecleucel versus [R-]Gem-Ox (with PAS applied for tisagenlecleucel)

Scenario analysis
The submission also included an extensive series of scenario analyses to check the robustness of the
model results to uncertainty relating to survival data, parameters, and structural assumptions. The
large majority of the company’s scenario analyses showed that the cost-effectiveness of
tisagenlecleucel appeared relatively insensitive to changes across the majority of scenarios
considered.
The scenario analysis using alternative time horizons (Table 31) reported the largest changes in the
reported ICERs. The company noted that this finding is expected given the high initial upfront costs
for treatment with tisagenlecleucel. While the ERG acknowledge that a lifetime horizon is more
appropriate for treatments with a potential mortality effect, the impact of shorter time horizons
demonstrates that the assumptions underpinning the extrapolation of the potential mortality benefit of
tisagenlecleucel are critical.
Table 31 Scenario results using alternative time horizons
List price
Intervention

With PAS

Incr. Costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

********

****

*******

********

****

£47,684

[R-]GDP

********

****

*******

********

****

£47,526

Base case
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List price

With PAS

Intervention

Incr. Costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Pixantrone
monotherapy

********

****

*******

********

****

£44,648

Scenario: 10-year time horizon
[R-]Gem-Ox

********

****

********

********

****

£102,075

[R-]GDP

********

****

********

********

****

£101,451

Pixantrone
monotherapy

********

****

********

********

****

£95,335

Scenario: 20-year time horizon
[R-]Gem-Ox

********

****

*******

********

****

£61,667

[R-]GDP

********

****

*******

********

****

£61,419

Pixantrone
monotherapy

********

****

*******

********

****

£57,703

Table 32 summarises the results of the scenario analyses using alternative assumptions for the
extrapolation of survival with tisagenlecleucel. Basing the extrapolations on the JULIET trial only
marginally increased the ICER results compared to the base case. Table 32 also shows the ICER
results using the alternative approach employed by the company for modelling the expected long-term
survival with tisagenlecleucel (spline model with a single knot for 24 months followed by SMR
adjusted general population mortality). The results of the alternative approach appear similar (albeit
slightly less favourable) than the base case approach using the mixture cure model. Across all the
scenarios reported in Table 32, the ICER of tisagenlecleucel versus the comparator regimens was less
than £50,000 per QALY (PAS analysis).
Table 32 Scenario results using alternative assumptions for the extrapolation of survival with
tisagenlecleucel
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

********

****

*******

********

****

£47,684

[R-]GDP

********

****

*******

********

****

£47,526

Pixantrone
monotherapy

********

****

*******

********

****

£44,648

Base case

Scenario: JULIET data only for mixture cure model
[R-]Gem-Ox

********

****

*******

********

****

£49,102

[R-]GDP

********

****

*******

********

****

£48,941

Pixantrone
monotherapy

********

****

*******

********

****

£46,058

Scenario: Alternative survival approach for tisagenlecleucel - standard parametric extrapolation with
SMR-adjusted general population mortality after 24 months – SMR = 1.09 (tisagenlecleucel)
[R-]Gem-Ox

********

****

*******

********

****

£49,148

[R-]GDP

********

****

*******

********

****

£49,000
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Pixantrone
monotherapy

********

****

*******

********

****

£46,361

Scenario: Alternative survival approach for tisagenlecleucel - standard parametric extrapolation with
SMR-adjusted general population mortality after 24 months – SMR = 1.18 (tisagenlecleucel)
[R-]Gem-Ox

********

****

*******

********

****

£49,596

[R-]GDP

********

****

*******

********

****

£49,445

Pixantrone
monotherapy

********

****

*******

********

****

£46,768

Scenario: Alternative survival approach for tisagenlecleucel - standard parametric extrapolation with
SMR-adjusted general population mortality after 24 months – SMR = 1 (tisagenlecleucel)
[R-]Gem-Ox

********

****

*******

********

****

£48,691

[R-]GDP

********

****

*******

********

****

£48,546

Pixantrone
monotherapy

********

****

*******

********

****

£45,947

Table 33 summarises the results of the scenario analyses using alternative assumptions for the
extrapolation of survival with the comparator regimens. Using the PIX301 trial subgroups results
increased the base-case ICERs marginally. The use of the SCHOLAR-1 data for the salvage
chemotherapy regimens increased the ICER of tisagenlecleucel to over £50,000 per QALY versus [R]Gem-OX and [R-]GDP. The ERG notes that the results presented by the company for this scenario
also included a comparison with pixantrone monotherapy. However, as the SCHOLAR-1 data was
only used to adjust the outcomes with the salvage chemotherapy regimens, the ERG did not consider
that it was appropriate to include pixantrone monotherapy in this scenario, given the potential
differences noted regarding the populations and the intent of treatment with the comparator regimens.
Table 33 Scenario results using alternative assumptions for the extrapolation of comparator therapies
List price
Intervention

With PAS

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

[R-]Gem-Ox

********

****

*******

********

****

£47,684

[R-]GDP

********

****

*******

********

****

£47,526

Pixantrone
monotherapy

********

****

*******

********

****

£44,648

Base case
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List price
Intervention

Incr. costs

Incr.
QALYs

With PAS
ICER
(£/QALY)

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

Scenario: PIX301 subgroup efficacy for comparator therapies (salvage chemotherapy and pixantrone
monotherapy)
[R-]Gem-Ox

********

****

*******

********

****

£48,082

[R-]GDP

********

****

*******

********

****

£47,916

Pixantrone
monotherapy

********

****

*******

********

****

£47,937

Scenario: SCHOLAR-1 efficacy for salvage chemotherapy OS, using pooled data from the relevant
subgroups (salvage chemotherapy)
[R-]Gem-Ox

********

****

*******

********

****

£53,742

[R-]GDP

********

****

*******

********

****

£53,475

Pixantrone
monotherapy

********

****

*******

********

****

£43,959

4.2.11 Model validation and face validity check
The company states that clinician input was sought to ensure that the inputs and assumptions used in
the model were relevant to UK clinical practice and to validate the clinical plausibility of the
predicted outcomes. The company noted that this feedback was used to inform the choice of salvage
chemotherapy comparators and the source of comparator efficacy data and to validate the predicted
survival outcomes, the incidence of adverse events and the rates of subsequent SCT. No details of any
other validation approaches were reported.
In response to the points for clarification the company highlighted the main similarities and
differences between the company approach for tisagenlecleucel and the US ICER analysis of another
CAR-T therapy (axi-cel) for adults with r/r aggressive B-cell lymphoma who are ineligible for SCT.
The company noted that both analyses had a decision tree element, and both analyses made the
assumption that patients who are not ultimately infused with CAR-T therapy receive the active
comparator.
The main differences noted were in relation to the choice of salvage chemotherapy and source of
efficacy data for this comparator. The company stated that the salvage chemotherapy regimen used in
the US ICER analysis was based on R-DHAP. This regimen was not considered relevant to the
appraisal of tisagenlecleucel by the company. The company also noted that, while the SCHOLAR-1
trial was used by ICER to inform the efficacy of salvage chemotherapy, they did not consider that the
patient population of the overall SCHOLAR-1 trial was representative of the licensed indication of
tisagenlecleucel in DLBCL.
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The company also identified that a 5-year cure point was considered in the ICER analysis. The
company noted that this appeared to have been based on an approach used in a NICE Mock Appraisal
conducted by the University of York which was specific to ALL and not DLBLC. The company also
noted that no additional justification was provided for this time point in the ICER analysis and
similarly no justification was provided for assuming an SMR of 1 after this point.
The ERG undertook a review of the company’s base-case, sensitivity and scenario analyses. All
inputs were checked in the model against the estimates reported in the submission. The ERG also
replicated the base-case, key sensitivity analyses and the full range of scenario analyses. Only 1 minor
issue was identified in relation to the model inputs and this was clarified during by the company in
their response to the points for clarification.
The ERG also undertook a series of logical checks were performed alongside checks of the model
coding. The ERG’s checks confirmed that the model behaved logically. The company results were
also successfully replicated.
Following these verifications and at a later stage of writing the ERG report, the ERG identified an
error on how the cost and utility of long-term survivors had been programmed in the company’s
model. Correction of this error had a minor impact on the company’s base-case cost-effectiveness
estimates and marginally favoured the cost-effectiveness of tisagenlecleucel. More details on the error
are presented in Section 5.2. Given the time point at which the error and time constraints, the ERG
only updated the company (Table 45) and ERG revised base-cases (Table 46 and Table 47) analyses.

4.3

Exploratory and sensitivity analyses undertaken by the company

As part of the points for clarification, the company were requested to undertake a series of additional
exploratory and sensitivity analyses.
The company were requested to present results for an additional scenario in the cost-effectiveness
analysis for the extrapolation of OS based on the MAIC analysis (Table 6, Company response). As
previously highlighted, the ERG does not consider that the results from the MAIC analysis are
clinically plausible and hence the results are not considered further.
The company also provided results for a scenario in which general population mortality was applied
to those tisagenlecleucel patients who were still alive in the model after 60 months, with survival up
to that point determined by extrapolation of the pooled JULIET and Schuster 2017 (NCT02030834)
OS data (Table 34). The results from this scenario increased the ICER of tisagenlecleucel to over
£50,000 per QALY versus [R-]Gem-OX and [R-]GDP.
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Table 34 Survival input scenario – standard parametric extrapolation with SMR-adjusted general
population mortality after 60 months
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

*******

£47,651

[R-]GDP

*******

£47,494

Pixantrone
monotherapy

*******

£44,616

Intervention
Base case

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality after 24
months – SMR = 1.00 (tisagenlecleucel)
[R-]Gem-Ox

*******

£48,662

[R-]GDP

*******

£48,517

Pixantrone
monotherapy

*******

£45,918

Scenario: standard parametric extrapolation with SMR-adjusted general population mortality after 60
months – SMR = 1.00 (tisagenlecleucel)
[R-]Gem-Ox

*******

£52,078

[R-]GDP

*******

£51,891

Pixantrone
monotherapy

*******

£48,695

Table 35 summarises the results from the additional scenario presented by the company incorporating
an adjustment for ageing to health state utilities.
Table 35 Age-adjusted utility scenario
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

*******

£47,651

[R-]GDP

*******

£47,494

Pixantrone
monotherapy

*******

£44,616

Intervention
Base case

Scenario: Incorporating age-adjusted utilities
[R-]Gem-Ox

*******

£48,932

[R-]GDP

*******

£48,767

Pixantrone
monotherapy

*******

£45,813

Finally, in response to a clarification question regarding an adjustment factor applied to the duration
of ICU stay, the company presented an updated base case (Table 36). In their response, the company
noted that the adjustment was originally applied to take account of the difference in the number of
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patients who experienced a grade 3/4 CRS event in the JULIET trials (n=**) and the total number of
patients who incurred an ICU hospitalisation for a CRS event (n=**). In their response, the company
noted that the adjustment factor was not consistent with the approach of only including grade 3/4
adverse events (>=5%) in the model. This adjustment was removed from the company’s updated base
case. The company noted that this had only a minor effect on the base case ICERs.
Table 36 Base case results with and without correction for ICU stay due to CRS
List price

With PAS

ICER (£/QALY)

ICER (£/QALY)

[R-]Gem-Ox

*******

£47,684

[R-]GDP

*******

£47,526

Pixantrone
monotherapy

*******

£44,648

[R-]Gem-Ox

*******

£47,651

[R-]GDP

*******

£47,494

Pixantrone
monotherapy

*******

£44,616

Intervention
Original base case

Updated base case

4.4

Conclusions of the cost effectiveness section

The ERG considered the company’s economic submission to meet the requirements of the NICE
reference case. However, the ERG identified a number of key uncertainties. The main concerns
identified by the ERG include:
1. Uncertainty surrounding the relevant patient population
The ERG highlights that the anticipated license for tisagenlecleucel relates to a broader population
than the population included in the JULIET trial. Specifically, the JULIET trial excluded patients with
ECOG 2-4 and patients who were potentially eligible to receive more intensive (non-palliative and
non-cross resistant) salvage regimes such as ICE, IVE and DHAP with and without rituximab.
The ERG considers that the company’s focus on a population for whom treatment at a third or greater
line setting is given with palliative intent is overly restrictive and does not fully reflect the patient
population covered by the proposed marketing authorisation.
The main difference concerns those patients at a third or greater line setting who might be given a
non-cross resistant salvage therapy (often ICE or IVE, with or without rituximab) with a view to
proceeding autologous SCT. The ERG notes that the anticipated license for tisagenlecleucel does not
limit the treatment population to those patients that are ineligible for SCT. Furthermore, the clinical
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advisor to the ERG considered that in clinical practice approximately 20-25% patients may receive
subsequent SCT, while the company’s clinical advisors predicted only 5% would go on to SCT The
ERG considers that this has important implications both for the choice of the comparator regimens
and the appropriate comparator data sources.
2. The choice of comparator regimens
The company base case includes two salvage chemotherapy comparators ([R-]Gem-Ox and [R]-GDP)
and pixantrone monotherapy. The company justified the choice of comparators based on clinical
advice, treatment guidelines and the key assumption that treatment with salvage chemotherapy in a
third or greater line setting is primarily given with palliative intent (with few patients going on to
receive subsequent SCT). As a result, the more intensive salvage chemotherapy regimens (R-ICE, RIVE and R-DHAP) included in the NICE scope, were not included by the CS.
Based on the opinion of two UK clinicians the CS stated that around 5% of patients who have
received two or more prior lines of systemic therapy are expected to achieve a sufficient clinical
response to support receipt of a SCT following 3rd line chemotherapy. Whilst this estimate may reflect
the whole r/r DLBCL population who have received two lines of therapy (including sicker patients,
such as those with ECOG grades 2-4), the ERG considers it is unlikely to accurately reflect the
specific patient groups who are likely to receive tisagenlecleucel on the NHS. The ERG thinks an
important omission has been made in the CS by not considering patients who are able to receive more
intensive 3rd line treatments such as ICE, IVE and DHAP (with or without rituximab). Again, the
ERG considers that this has important implications both for the choice of the comparator regimens as
well as the appropriate comparator data sources.
While pixantrone monotherapy is a NICE approved treatment in a 3rd or later line position, the clinical
advisor to the ERG confirmed that pixantrone is rarely used and that it is perceived in the clinical
community to be of limited effectiveness. The ERG notes that the BSH guideline does not
recommend pixantrone, while the ESMO guidelines suggest preference for enrolling heavily treated
r/r DLBCL patients in clinical trials for novel drugs. Hence, the ERG considers that pixantrone
appears to be a less relevant comparator than other salvage chemotherapy regimens.
3. The evidence source used for the comparator regimens and the uncontrolled nature of the
comparisons
The ERG considers the main source of uncertainty in relation to the OS estimates for the comparator
regimens to be the decision to use the Eyre et al. (2016) study in the company base case. The ERG
does not consider that this study provides an appropriate basis for informing the OS estimates for the
population who would be potentially eligible for treatment with tisagenlecleucel. The ERG also does

25th July 2018

128

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

not consider that the MAIC approach provided by the company addresses the concerns raised
regarding the use of the Eyre study or to produce clinically plausible results.
The ERG concludes that the PIX301 trial might be a more reasonable comparator study for the
JULIET population. However, several concerns remain, including: (i) the unadjusted nature of the
comparisons between the study populations; (ii) the additional adjustments required given the absence
of Kaplan-Meier data reported for this subgroup in PIX301 and (iii) the population being considered
is one whose standard of care treatment would likely be palliative.
The ERG considers that the SCHOLAR-1 population is more representative of a population for whom
more intensive regimens might be considered and not the population treated with palliative intent. The
ERG considers that the CORAL extension study of 203 patients who did not proceed to perprotocol ASCT and who were candidates for a third-line regimen may be more generalisable to the
population for whom tisagenlecleucel might be considered based on the anticipated marketing
authorisation
4. The uncertainty surrounding the extrapolation of OS for tisagenlecleucel
The ERG notes that significant uncertainties remain regarding the extrapolated OS estimates for
tisagenlecleucel and the use of mixture cure modelling approach given the immaturity of existing
evidence. Despite these concerns the ERG also concluded that the company’s base case approach for
tisagenlecleucel appeared sufficiently plausible for decision making purposes, noting the similarity in
the cure fraction across the alternative models and the consistency with the cure fraction reported for
PFS.
The ERG also considers that some of the uncertainty surrounding the company’s base case approach
was explored using the alternative approach proposed by the company which combines the use of a
parametric or spline model for a fixed period of time followed by a SMR adjusted general population
mortality rate. The ERG views this is a plausible alternative approach to the company base case
approach. However, the ERG considers that the use of a 24 month time point in the company’s
alternative approach is too short. More recent findings from Howlader et al (2017) suggests that
another alternative approach might be to utilise the standard parametric and spline models for the first
5-years of the model horizon and to switch to general population mortality estimates beyond 5-years
for surviving patients. This approach and the timing of the switch appear to be more consistent with
the approach used in the US ICER report.
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5. The inclusion of additional structural assumptions related to cure and the timing
The ERG notes that not that the assumption made that patients who remain alive beyond 2-years
revert to the same HRQoL and medical resource cost of the progression-free state is uncertain. The
ERG acknowledges that patients surviving beyond this period are unlikely to have progressed (and
views the structural assumption as an attempt to limit the impact of implausible scenarios where
patients might continue to incur the HRQoL and costs of the progressed state for an extended period
of time). Nevertheless, the ERG identified several other studies that suggest that significant excess
mortality may remain up until at least five years post-diagnosis and considered that this should be
potentially reflected both in the mortality assumptions as well as the HRQoL and cost assumptions.
6. Uncertainties surrounding the utility of long-term survivors and the lack of adjustment for
ageing
The ERG considers that age adjustments to health state utilities should have been included in the
company’s base-case. The approach taken by the company in response to points for clarification
appears optimistic, as it only assumes age related disutility from the age of 65 years onward.
7. Uncertainty surrounding post-treatment SCT
There are two important areas of uncertainty regarding post-treatment SCT. First, there is uncertainty
surrounding the rate of SCT in patients who received tisagenlecleucel who received a SCT, depending
on whether the rates are derived from the FAS or efficacy analysis set EAS populations. The second
uncertainty concerns the rate of SCT that might be expected with existing salvage chemotherapies.
The final uncertainty concerns the relative use of autologous or allogeneic SCT post-treatment given
the different cost implications. Given that the rate of SCT is an important element of cost and may
also determine the appropriate comparator dataset, this represents an important area of uncertainty.
8. Uncertainty surrounding broader infrastructure and training requirements
Given the complexity of the intervention and the lack of a clear service specification for the provision
and administration of tisagenlecleucel, the ERG considers that important uncertainties remain
concerning whether the additional resource/cost implications for the NHS have been fully quantified.
The ERG notes that particular consideration should be given to whether there are additional
infrastructure requirements for the NHS which have not been captured. The ERG noted specific
uncertainties whether ICU beds may need to be made available (even if not used) to ensure that
patients receiving tisagenlecleucel can be guaranteed access to appropriate services if and when
required (and without detriment to other patients).
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The ERG also notes that the cost of any additional training that maybe required is not considered in
the model.
Given the importance of these issues, additional analyses undertaken by the ERG are presented in the
next section.
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5
5.1

Impact on the ICER of additional clinical and economic analyses
undertaken by the ERG
Overview

The focus of this section is on focuses on the additional analyses undertaken by the ERG to explore
the key areas of uncertainty highlighted in Section 4. These analyses are undertaken using the revised
model submitted by the company following the points for clarification which includes revisions to the
cost assumptions for CRS. This model was further modified by the ERG so as to allow varying
assumptions relating to effectiveness, HRQoL and costs beyond the options in the company’s model.
Given the structure of the company’s model and how the probabilistic sensitivity analysis was
parameterised (especially for effectiveness inputs), the ERG could not within time constraints
implement changes to allow evaluating the model in full probabilistic way. Therefore, all results
presented for the revised ERG analysis in this section are based on deterministic cost-effectiveness
estimates.
Results presented in this section refer exclusively to the comparison between tisagenlecleucel and [R]GDP, as the ERG considers the latter to be the most relevant comparator.

5.2

ERG corrections and adjustments to the company’s base case model

The ERG considers [R-]GDP to be the most relevant of the three comparators included in the
company’s analysis and only presents cost-effectiveness results for the comparison between
tisagenlecleucel and [R-]GDP. This treatment is the only one of the two salvage chemotherapy
treatments considered by the company, which featured on the NICE scope. Furthermore, it is also
more costly and intensive than [R-]GemOx and hence may be more reflective on treatments that
would be given in a palliative and non-palliative setting.
The ERG additional analyses do not report the comparison with pixantrone monotherapy either, as
according to the clinical advisor to the ERG the drug is not commonly used in UK’s clinical practice.
Furthermore, the BSH guideline does not recommend pixantrone, while the ESMO guidelines suggest
preference for enrolling heavily treated r/r DLBCL patients in clinical trials for novel drugs.
Therefore, salvage chemotherapy is considered the relevant comparator with [R-]GDP being the
regimen most representative of salvage chemotherapy.
All analyses conducted by the ERG include the price of tisagenlecleucel with the PAS applied. All the
ICERs reported by the company in their base-case and scenario analyses with tisagenlecleucel list
price were in excess of £50,000 per additional QALY. Therefore, the ERG considered that only
analyses including the PAS would be informative to the NICE appraisal committee.
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Prior to conducting the additional analyses the ERG noted that the company’s base-case assumed that
patients initially assigned to tisagenlecleucel who do not continue to infusion are assumed to receive
salvage chemotherapy with an equal proportion of these patients receiving [R-]Gem-Ox or [R-]GDP.
The ERG considers this to be inconsistent, and assumes instead that the salvage chemotherapy
regimens received by this patients is the same as the regimen to which tisagenlecleucel is being
compared. As the ERG analyses only assume [R-]GDP to be representative of chemotherapy, patients
failing to continue to tisagenlecleucel infusion due to adverse events or manufacture failure are
assumed to receive [R-]GDP. This modification has a small impact on the ICER of tisagenlecleucel
vs. salvage chemotherapy, which increases from £47,494 to £47,512 per additional QALY, as shown
in Table 37.
Table 37 Cost-effectiveness results for company’s revised base-case assuming tisagenlecleucel patients
treated with salvage chemotherapy receive [R-]GDP
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£47,512

At a later stage of writing the report, the ERG identified an error on how the cost and utility of longterm survivors had been programmed in the company’s model. The error resulted from the time after
which the cost and utility of long-term survivors becomes the same as PFS being specified in terms of
months (in model specification sheet), but being applied in the model as if it was defined in terms of
years. The implication of this is that the cost and utility of long-term survivors was only equalised to
PFS after 24 years in the company analyses (whenever 24 months were specified), which penalised
the cost-effectiveness of tisagenlecleucel. Given that this error was only identified at a late stage, the
majority of the ERG analyses were not corrected for this. However, the ERG incorporated the
corrections in the revised base-case presented in Section 5.3.7. The results of the company’s revised
base-case were also updated to reflect this correction (see Table 45, Section 5.3.6).

5.3

Additional ERG analyses

In Section 4, the ERG identified a range of uncertainties to which the company’s base-case costeffectiveness results were subject. The ERG performed a number of adjustments to the company’s
revised model (post-clarification questions) to address several of these uncertainties.
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The following sections describe the model adjustments and report the results of the additional
exploratory analyses performed by the ERG to explore the areas of uncertainty identified in Section 4.
Table 38 summarises the assumptions varied for each scenario.
Table 38 Overview of ERG’s additional analyses
Scenario

Variation from company’s base-case assumptions

i. Survival approach for tisagenlecleucel
and health state cost and utility
approach for all regimens

Jointly explores alternative approaches to (i) survival for
tisagenlecleucel and (ii) health state cost and utility approach
for all regimens.

ii. Source of OS data for the comparator
regimens

Effectiveness data for salvage chemotherapy is based on
follow-up data from the CORAL. Survival is adjusted based
on rates of subsequent SCT, which are varied within the 025% range.

iii. Age dependent health state utilities

Assumes an age adjusted utility decrement for patients in PFS
and PD

iv. Duration of AE related disutility

Assumes the same rate of short-term AEs, excluding CRS for
all treatments under comparison

v. Cost of managing Grade 3-4 CRS

Varies the assumption on proportion of patients requiring an
ICU stay due to CRS

vi. B-cell aplasia duration

Varies the assumption on duration of B-cell aplasia

vii. Costs of tisagenlecleucel
administration

Varies the assumptions on the costs and proportion of patients
receiving tisagenlecleucel in an ambulatory setting.

viii. Rates of SCT for tisagenlecleucel

Sources SCT rates of transplant from the efficacy analysis set
of JULIET (8th December 2017 cut-off date)

ix. Long-term costs of SCT

5.3.1

Costs are discounted at 3.5% per annum

Survival approach for tisagenlecleucel and health state cost and utility approach for all
regimens

The company’s base-case approach to model the survival of tisagenlecleucel consisted of fitting a
mixture-cure model with a lognormal distribution. In section 4.2.6.1. the ERG noted that there is
considerable uncertainty on how the survival data and associated KM curve will develop over longer
time horizons given observed data immaturity and small sample size of the studies informing it. The
company explored some of this uncertainty in a scenario analysis where a different approach to model
tisagenlecleucel survival was used. In the company’s scenario, it was assumed that those patients who
are still alive after a particular time point are effectively ‘cured’ and have a similar mortality to the
general population for the remainder of the model horizon. So the approach combines the use of the
best fitting of the single parametric and spline models (one knot spline in the company’s scenario) for
a fixed period of time followed by a SMR adjusted general population mortality rate.
While the ERG considers that both the company’s base-case and alternative survival scenario provide
plausible approaches to model the survival of tisagenlecleucel, the alternative survival approach is
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affected by uncertainty in terms of (i) the time point at which it is considered appropriate to switch
between the standard parametric/spline models (2 years in the company’s scenario) and SMR adjusted
general population mortality and (ii) the magnitude of the SMR which is subsequently applied (1.09
in the company’s scenario).
As discussed in Section 4.2.6.1 there is longer term survival data suggesting DLBCL patients are at an
elevated mortality risk for at least 5 years after diagnosis25. Thus, another plausible approach for
survival on tisagenlecleucel would be to utilise the one knot spline model for the first 5-years of the
model horizon and to switch to general population mortality estimates (without any lymphoma excess
mortality, i.e. SMR=1.00) beyond 5-years for surviving patients. Another more conservative approach
to model the survival of tisagenlecleucel that the company did not explore is to apply the one knot
spline model over the model time horizon.
The ERG illustrates in Figure 24 the alternative survival approaches for tisagenlecleucel alongside the
associated Kaplan Meier data and two additional survival approaches proposed by the ERG to address
remaining uncertainties:
1. One knot spline model followed by general population mortality (SMR=1.00) after 5 years;
2. One knot spline model over the model time horizon.
Figure 25 Alternative survival approaches for tisagenlecleucel
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Both the company’s survival approaches exclude the possibility of late relapses occurring. The
observed data is not, however, mature enough to guarantee that the survival plateau suggested by the
Kaplan Meier will be sustained. The first of the ERG approaches allows for the plateau to be
established at the point in time (5 years) where external evidence25 suggests that the excess mortality
for long-term survivors of DLBCL becomes similar to that of the general population, while the second
illustrates a more extreme scenario where no assumptions of cure are imposed on survival.
An additional assumption is made in the CS regarding the time point at which health state cost and
utility assumptions will become the same as PF after 2 years regardless of state occupancy and for all
regimens, which, similarly to the company’s alternative survival approach for tisagenlecleucel, is
justified based on clinical opinion and Maurer et al (2014) 22. As reiterated in this section, the ERG
considers that more mature data suggests the time point at which we can be reasonably confident that
alive patients are long-term survivors who are not likely to relapse may be closer to 5 years.
Therefore, we explore the impact of assuming the same health state cost and utility as PF for all
regimens after 5 years combined with the (i) company’s base-case survival approach for
tisagenlecleucel and (ii) the ERGs alternative survival approach for tisagenlecleucel (one knot spline
model followed by general population mortality after 5 years).
Table 39 presents the cost-effectiveness results for the combined scenarios exploring alternative
approaches to modelling survival for tisagenlecleucel and health state cost and utility for all regimens.
Table 39 Cost-effectiveness results - Survival approach for tisagenlecleucel and health state cost and
utility approach for all regimens
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

*******
*

****

****

£47,686

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.09)
after 2 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****
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Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

*******
*

****

****

£57,938

Survival approach (tisagenlecleucel only): One knot spline model over the time horizon
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

*******
*

****

****

£82,435

Modifying the time point at which health state cost and utility become the same as for PFS for all
regimens has little impact on the ICER (£47,686 vs £47,512 per QALY gained), as it only translates
into a small average cost increase and QALY decrease for tisagenlecleucel. Since the majority of
patients on salvage chemotherapy are dead at 2 years the impact is even smaller on this regimen.
The first survival model consisting of a one knot spline model followed by general population
mortality (SMR=1.09) after 2 years improves the survival of tisagenlecleucel compared to base-case
assumptions resulting in more QALYs accrued (**** vs ****), but also higher costs (******** vs.
********). The survival benefit does not translate into improved cost-effectiveness as the QALY
gains compared to salvage chemotherapy are not offset by the cost increase resulting on an ICER of
£48,987 per QALY gained. Importantly, the ERG notes that the survival plateau of this model
suggested by this model is greater than 40%, which is both above the Kaplan Meier curve and the
range of clinical plausible cure fractions (******) according to the company’s clinical advisors
assessment of trial data. Thus, the clinical plausibility of this scenario is questionable and the ERG
does not include it in the preferred alternative ERG base-case.
The survival approach applying the one knot spline model until 5 years has more impact on the
survival of tisagenlecleucel, reducing it considerably (**** vs. **** LY). While under this
assumption the incremental costs compared to salvage chemotherapy are lower (£******* vs.
£*******), so are the QALY gains and the ICER increases to £57,938 per QALY. The ERG
considers that this more conservative approach to modelling the survival of tisagenlecleucel is a
plausible realisation of uncertainty.
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The impact on the survival outcomes for tisagenlecleucel is greater for the final survival model (one
knot spline over the time horizon), and consequently the ICER for tisagenlecleucel compared to
salvage chemotherapy increases to £82,435 per QALY. While the scenario is not totally implausible,
the ERG acknowledges that it may reflect overly conservative assumptions on the survival of
tisagenlecleucel and does not include them on the ERG’s preferred base-case assumptions.
5.3.2

Source of OS data for the comparator regimens

In Section 4, the ERG identified the decision to use the Eyre (2016) study as the source data to inform
the OS extrapolation of the comparator regimens in the company’s base case as a main source of
uncertainty. The ERG concluded that the Eyre et al (2016) study does not provide an appropriate basis
for informing the OS estimates for the population who would be potentially eligible for treatment with
tisagenlecleucel. Alternative sources of effectiveness data explored by the company, namely the
PIX301 and SCHOLAR-1 studies, were also considered to have important limitations. The PIX301
study results relate to the population for whom the standard of care treatment is likely to be palliative
and, therefore, not the full population for which tisagenlecleucel is likely to be licenced for, while
SCHOLAR-1 includes patients not eligible for tisagenlecleucel (in terms of ECOG status and position
on the clinical pathway) and high rates of subsequent SCT (29.9%).
The ERG identified in section 4.2.6, one of the CORAL extension studies 6, an analysis of 203
patients who did not proceed to per-protocol ASC and who were candidates for a third-line regimen as
potentially more generalisable to the population for whom tisagenlecleucel might be considered based
on the anticipated marketing authorisation. This study also reported OS Kaplan Meier curves reported
separately according to whether patients were eventually transplanted or not, a feature that can be
exploited to address the uncertainties surrounding the likely SCT rate in clinical practice.
The ERG digitised the Kaplan Meier data from one of the CORAL extension studies6, and fitted
single parametric models to each of the curves according to whether stem cell transplantation was
performed. Further details are reported in Appendix 9.2. Figure 26 shows the digitised KM data and
the ERG’s preferred distribution for both curves (Gompertz) which was selected based on statistical
and visual fit.
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Figure 26 Salvage chemotherapy observed and extrapolated survival data for CORAL extension study

The rate of subsequent SCT for the comparator treatment was also raised as a source of uncertainty.
The clinical advisor to the ERG considered that in clinical practice approximately 20-25% patients
may receive subsequent SCT, while the company’s clinical advisors predicted only 5% would go on
to SCT. Therefore, the ERG explored the impact on cost-effectiveness of assuming a rate of
subsequent SCT between 0 and 25% for patients receiving salvage chemotherapy.
The OS curve implemented in the model to extrapolate the survival of patients receiving salvage
chemotherapy was, therefore a weighted OS curve combining the two extrapolated OS curves from
the CORAL extension study6 (no subsequent SCT and with subsequent SCT) with weight
corresponding to rate of subsequent SCT. Figure 26 also illustrates the weighted OS curve for a rate
of 15% subsequent SCT.
Since the CORAL extension study 6 did not report PFS, the ERG assumed a proportional relationship
between the OS and PFS curves, similarly to the company approach to model PFS in the scenario
analysis using SCHOLAR-1 data. The ratio assumed (0.65) was based on the mean cumulative HR
from the original CORAL study 9. The ERG assumed the same relative rates of ASCT and allogeneic
SCT for transplanted patients as reported in the CORAL extension study 6(87.5% and 12.5%,
respectively).
Table 40 reports the cost-effectiveness results using CORAL data as the alternative source of
treatment effectiveness data for salvage chemotherapy at a range of subsequent SCT rates.
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Table 40 Cost-effectiveness results for the alternative counterfactual population at different SCT rates
Intervention

Total
costs

ICER

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

£51,251

*******
*

****

****

£52,262

*******
*

****

****

£53,549

*******
*

****

****

£55,156

*******
*

****

****

£57,141

*******
*

****

****

£59,586

(/QALY)

0% subsequent SCT
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

5% subsequent SCT
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

10% subsequent SCT
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

15% subsequent SCT
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

20% subsequent SCT
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

25% subsequent SCT*
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

As the rate of subsequent SCT increases, survival improves for salvage chemotherapy with increased
costs. The costs resulting from increased rates of SCT and extended time alive within the model are
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offset by the survival and HRQoL benefits, with ICERs for tisagenlecleucel vs. salvage chemotherapy
increasing from £51,251 to £59,586 per QALY gained, as rates of SCT increase from 0% to 25%.
The ERG notes that the ICER for tisagenlecleucel compared to salvage chemotherapy for the scenario
assuming 15% SCT is higher than that of the company’s scenario where SCHOLAR-1 data is applied
to model the survival on salvage chemotherapy (£55,126 vs. £53,475 per QALY), despite the rate of
SCT in SCHOLAR-1 being much higher (29.9%). The average total QALYs on salvage
chemotherapy at 15% subsequent SCT are close to those in the SCHOLAR-1 scenario (**** vs
****), while costs are considerably smaller (******* vs *******) given the lower rate of SCT
overall and smaller proportion of allogeneic SCT. This suggests that patients from the CORAL
extension study at lower rates of SCT have relatively better survival compared to SCHOLAR-1. The
more favourable survival in the CORAL extension study is considered by the ERG to be reflective of
a population at 3rd line of treatment and including patients eligible for SCT, which is consistent with
the position at which patients in clinical practice may be recommended for treatment with
tisagenlecleucel.
5.3.3

Age dependent health state utilities

The ERG discussed in section 4.2.8.2 the health state utility age adjustment that the company
incorporated in the electronic model on response to clarification points. The method used effectively
implied that age related utility decrements would only be applied from ages equal and greater than 65
years old, as well as no further decrements being applied from ages over 75 years old. An alternative
method to adjust health state utilities by age was also described in the same section. In brief, the ERG
estimated general population utility by age based on Equation 1 and calculated an adjustment factor as
the ratio between the general population utility at each age and the corresponding value at the starting
age in the model. This factor is multiplied by health state utility (both PF and PD) and applied over
the model time horizon.
.

where

.

.

.

Equation 1

is proportion of males in the sample.

The equation was derived by ordinary least square regression on EQ-5D responses from a sample of
26,679 participants in the Health Survey for England, aged 16 to 98 years 31.
Table 41 shows the results of the scenario where health state utilities are age adjusted in accordance
with the method described above.
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Table 41 Cost-effectiveness results for ERG age adjusted health state utilities scenario
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£49,370

The age dependent adjustment to health state utilities reduces QALY accrual for tisagenlecleucel
considerably more than for salvage chemotherapy resulting in smaller QALY gains for
tisagenlecleucel and the ICER increasing from £47,512 to £49,370. Salvage chemotherapy HRQoL
benefits are less affected given that the majority of QALYs on this regimen is accrued over the first
two years in the model.
5.3.4

Duration of AE related disutility

The company assumed in their base-case that the duration of adverse event related disutility (with the
exception of that associated with CRS and B-cell aplasia) would be the same as that of treatment for
comparators and duration of hospitalisation for tisagenlecleucel. The ERG commented that this
assumes approximately twice the rate of AEs for salvage chemotherapy and pixantrone compared to
tisagenlecleucel, and does not reflect the safety profiles of each treatment.
The ERG conducted a scenario analysis whereby the duration of adverse events is set equal to that of
hospitalisation for tisagenlecleucel for both regimens under comparison with results presented in
Table 42.
Table 42 Cost-effectiveness results for same duration of short-term AEs excluding CRS
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

Tisagenlecleucel

*******
*

****

****

*******
*

****

****

Salvage
chemotherapy

*******

****

****

ICER
(/QALY)
£47,556

The alternative assumption on the duration of AEs excluding B-cell aplasia and CRS results on a
marginal decrease of QALY gain with the ICER increasing from £47,512 to £47,556 per QALY.
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The ERG concludes that uncertainties remain in terms of the impact of treatment on HRQoL, but are
not important drivers of cost-effectiveness in the model.
5.3.5

Other cost related uncertainties in the model

The ERG conducted a number of scenario analyses varying cost assumptions on the company’s
revised base-case for which results are summarised in Table 43. Further details on the assumptions of
each scenario are presented in Appendix 9.3.
Table 43 Summary of cost-effectiveness results for the ERG cost scenarios
Scenario

Base case

Incremental
costs

Incremental
QALYs

ICER

%
change
base-case
ICER

********

****

£47,494

0%

********

****

£47,542

0.1%

********

****

£48,780

2.7%

********

****

£47,208

-0.6%

********

****

£47,648

0.3%

2.c. B cell aplasia* duration
= 5 years

********

****

£48,054

1.2%

2.d. B cell aplasia* duration
= 10 years

********

****

£48,935

3.0%

********

****

£47,561

0.1%

********

****

£47,652

0.3%

Company’s revised base-case
1.a. ***** patients require
an ICU admission
1.b. 100% patients require
an ICU admission
2.a. B cell aplasia* duration
= 1 year
2.b. B cell aplasia* duration
= 3 years

3.a. Outpatients incur an
hospital hostel cost
3.b. 100% of patients
receive treatment as
inpatients

***** patients
require an ICU
admission

B cell aplasia**
duration = 11.4
months

Administration of
tisagenlecleucel in
outpatient setting
for **** of patients
without any hostel
costs

4. Rates of SCT for
tisagenlecleucel from
JULIET trial EAS

Rates of SCT for
tisagenlecleucel
from JULIET trial
FAS

********

****

£47,555

0.1%

5. Discounted SCT longterm costs

Undiscounted SCT
long-term costs

********

****

£47,511

0.03%

*

applied to patients in PFS, **applied to full model cohort
EAS, efficacy analysis set; FAS, full analysis set

Overall, the scenario analyses had a marginal impact on the estimates of cost-effectiveness with the
ICERs of tisagenlecleucel vs salvage chemotherapy varying between £47,208 and £48,935 per
additional QALY (assuming B-cell aplasia persists 1 year and 10 years, respectively).

25th July 2018

143

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

The ERG notes that the results of the scenario whereby B-cell aplasia is assumed to persist 1 year is
more favourable to tisagenlecleucel than the company’s base-case assumption of 11.4 months of
average duration for this AE. While this may appear counter-intuitive, it is a product of the ERG
assuming that only patients on PFS will have this AE. The company modelled the costs of B-cell
aplasia as a one-off cost applied to the full tisagenlecleucel cohort, resulting in higher costs for B-cell
aplasia than in the ERG 12 months’ scenario.
The ERG considered the following cost assumptions to be more plausible than the ones incorporated
in the company’s base-case:
1. Admission of ***** patients to ICU as per JULIET trial (Scenario 1.a);
2. B-cell aplasia persisting during 3 years as per comments on US ICER report15 regarding
persistence of response and duration of B-cell aplasia (Scenario 2.b);
3.

All patients receive tisagenlecleucel in an inpatient setting (Scenario 3.b);

4. Rates of SCT for tisagenlecleucel based on the EAS population of the JULIET trial (Scenario
4);
5. Discounted SCT long-term follow-up costs (Scenario 5).
The cost-effectiveness results of the scenario combining the assumptions above described are
presented in Table 44.
Table 44 Cost-effectiveness results for scenario combining ERG referred cost assumptions
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

Tisagenlecleucel

*******
*

****

****

*******
*

****

****

Salvage
chemotherapy

*******

****

****

5.3.6

ICER
(/QALY)
£47,858

Further corrections to the company’s model

As mentioned in Section 5.2, the ERG identified an error on how the cost and utility of long-term
survivors had been programmed in the company’s model. Cost-effectiveness results are presented on
Table 45. The correction decreased the average total costs of tisagenlecleucel (******** vs.
********) while increasing the average total QALYs (**** vs ****). Since under the company’s
base-case assumptions the majority of patients receiving comparator regimens progress quickly and
are dead by Year 2 in the model, the correction does not impact on the cost-effectiveness estimates for

25th July 2018

144

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

salvage chemotherapy. Thus, implementing the correction favoured the cost-effectiveness of
tisagenlecleucel and resulted on an ICER of £46,173 per QALY.
Table 45 Cost-effectiveness results for company’s revised base-case after further corrections
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

5.3.7

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£46,173

ERG alternative base-case

The ERG health state utilities age adjustment and preferred cost assumptions were combined and used
as part of an ERG alternative base-case.
Given the uncertainty surrounding the relevant patient population the ERG base case analysis is
presented using two sources of effectiveness data to inform the survival of salvage chemotherapy
patients. The first source is the PIX301 trial subgroup data which is assumed to be reflective of a
population treated with a third or greater line chemotherapy and to whom treatment is given with
palliative intent. The second source is the CORAL extension study of 203 patients who did not
proceed to per-protocol ASCT and who were candidates for a third-line regimen. The ERG considers
this potentially more generalisable to the population for whom tisagenlecleucel might be considered
based on the anticipated marketing authorisation. In the revised ERG base-case, a rate of 12.5% SCT
was assumed given that it was the mid-point of the range considered plausible by the clinical advisors
to the company and to the ERG.
The ERG base-case also recognises the uncertainty surrounding the extrapolation of OS for
tisagenlecleucel and the health state cost and utility for long-term survivors (all regimens), and
presents results for the two sets of combined assumptions considered plausible:
1. Mixture-cure lognormal model for tisagenlecleucel with same health state cost and utility as
for PFS for all regimens after 5 years;
2. One knot single spine model followed by general population mortality (SMR=1.0) for
tisagenlecleucel with same health state cost and utility as for PFS for all regimens after 5
years.
The results are presented in Table 46 and Table 47 when sourcing the effectiveness data for salvage
chemotherapy from PIX301 and the CORAL extension study (12.5% rate of subsequent SCT)
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respectively. Using data from PIX301, the ICER based on the alternative ERG base-case varied
between £49,964 and £62,345 per QALY depending on whether the survival for tisagenlecleucel is
modelled with the mixture-cure model or the one knot spline model until 5 years followed by general
population mortality. When the source of data for salvage chemotherapy is the CORAL extension
study, the ICER varied between £67,568 and £93,862 per QALY depending on whether the survival
for tisagenlecleucel is modelled with the mixture-cure model or the one knot spline model until 5
years followed by general population mortality.
Table 46 Cost-effectiveness results - ERG revised base-case with PIX301 data for salvage chemotherapy
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£49,964

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£62,345

Table 47 Cost-effectiveness results - ERG revised base-case with CORAL extension studies data for
salvage chemotherapy
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy
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*
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****

*******

****

****

*******
*

****

****

£67,568
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Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

5.4

*******
*

****

****

*******

****

****

*******
*

****

****

£93,862

Conclusions from ERG analyses

The ERG explored a number of alternative assumptions in this section. The key uncertainties
addressed by the ERG scenario analyses relate to the:
v.

Extrapolation of OS for tisagenlecleucel

vi.

Additional structural assumptions associated with cure and its timing

vii.

OS evidence source used for salvage chemotherapy and the uncontrolled nature of the
comparisons

viii.

Relevant patient population

In addition to these, the ERG also explored the impact of adjusting health state utilities according to
age and altering the model on a range of alternative cost assumptions.
The ERG examined the impact of a set of preferred assumptions when basing the effectiveness data
for salvage chemotherapy on two alternative data sources, PIX301 and the CORAL extension study
(12.5% rate of subsequent SCT), reflecting two different patient population. Using data from PIX301
to examine cost-effectiveness on a population for whom salvage chemotherapy is delivered with
palliative intent, the ERG base-case ICER varied between £49,964 and £62,345 per QALY depending
on whether the survival for tisagenlecleucel is modelled with the mixture-cure model or the one knot
spline model until 5 years followed by general population mortality. Using data from the CORAL
extension study (12.5% subsequent SCT rate) in recognition that the expected licence for
tisagenlecleucel will also include patients at a 3rd line of treatment for whom more intensive
chemotherapy is an option, the ICER varied between £67,568 and £93,862 per QALY depending on
whether the survival for tisagenlecleucel is modelled with the mixture-cure model or the one knot
spline model until 5 years followed by general population mortality.
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6

End of life

The CS (Table 23, p78) presents evidence to support tisagenlecleucel as an end-of-life therapy.
Criterion 1: The treatment is indicated for patients with a short life expectancy, normally less than 24
months.
The median OS in the Eyre 2016 study3 was 3.4 months (95% CI 2.7 to 4.5). The median OS reported
across each of the four individual studies included within the SCHOLAR-1 study 8 varied between 5
months (MAYO study; n=82) and 6.6 months (MDACC; n=165 and LY12; n=219). In the relevant
patient subgroups of the PIX301 trial (third or later line, with prior rituximab) and the SCHOLAR-1
study (excluding primary refractory patients), the median OS was reported to be less than 7 months.
The company also reported feedback from UK clinicians who considered that the majority of patients
treated in a third and later line setting would not be expected to be alive after 24 months.
The ERG also considers the CORAL extension studies of salvage chemotherapies to be relevant to the
submission9. The CORAL extension study (n=203) of patients who did not proceed to perprotocol ASCT and who were candidates for a third-line regimen, reported a median OS of 4.4
months for the entire populations. The median OS was 11.1 months in patients who were eventually
transplanted compared with 3.3 months in those who were not.
While the median OS from the various sources suggest that the first criterion is met, the ERG notes
that the mean estimates for survival predicted over the entire lifetime horizon of the model differ more
markedly across the various sources and assumptions. The modelled (discounted) mean overall
survival was **** years in the company base-case and model and between **** and **** years in the
ERG exploratory scenarios using the CORAL extension study and different assumptions concerning
the rate of subsequent SCT (between 0 and 25%).
Criterion 2: There is sufficient evidence to indicate that the treatment offers an extension to life,
normally of at least an additional 3 months, compared with current NHS treatment.
The CS states that the median OS for tisagenlecleucel was **** months (****************** in the
JULIET trial. The median OS for the 14 DLBCL patients infused with tisagenlecleucel in the Schuster
2017 (NCT02030834) study was 22.2 months. The pooled survival data from JULIET and Schuster
reported a median OS of ***** months (******************). The company concluded that the
data from the trials indicate that it is highly plausible that tisagenlecleucel would be associated with
an extension to life of at least 3 months when compared with current NHS treatment.
While the ERG notes the significant challenges in obtaining a robust and unbiased estimate of the
magnitude of the extension to life with tisagenlecleucel, the ERG also agrees with the company that
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an extension of at least 3 months appears highly plausible, The ERG also highlights that the modelled
(discounted) increase in the mean overall survival from the most conservative alternative ERG
scenario was **** years. Although the extrapolations of OS are subject to considerable uncertainties,
the ERG considers that there is sufficient evidence to indicate that the second criterion is met. The
ERG also considers that tisagenlecleucel appears to represent a step-change in the management of r/r
adult patients with DLBCL.
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7

Overall conclusions

The company’s base-case deterministic ICERs for tisagenlecleucel vs each comparator regimen
ranged between £****** and £****** per QALY gained (list price) and between £44,648 and
£47,684 per QALY gained (PAS price). The key drivers of cost effectiveness were the utility value of
the progression free health state, the time horizon and the source of evidence for the comparator
regimens.
The ERG proposed an alternative base-case to address several of the key uncertainties identified and
implemented a minor correction to the company model. The alternative ERG base case analysis
explored uncertainty surrounding the eligible population by considering two sources of effectiveness
data to inform the survival of salvage chemotherapy patients. The first source is the PIX301 trial
subgroup data which is assumed to be reflective of a population treated with a third or greater line
chemotherapy and to whom treatment is given with palliative intent. The second source is the
CORAL extension study which was considered to be more representative of patients at a 3rd line of
treatment and who may be considered eligible for more intensive chemotherapy. Uncertainty
surrounding the extrapolation of survival data for tisagenlecleucel was explored using the mixture
cure model and an alternative approach using a spline model for 5 years followed by general
population mortality.
Using data from PIX301 to examine cost-effectiveness on a population for whom salvage
chemotherapy is delivered with palliative intent, the ERG alternative base-case ICER varied between
£49,964 and £62,345 per QALY (PAS price), depending on whether the survival for tisagenlecleucel
is modelled with the mixture-cure model or the one knot spline model until 5 years followed by
general population mortality. Using data from the CORAL extension study (12.5% subsequent SCT
rate) the ERG alternative base case ICER varied between £67,568 and £93,862 per QALY
Despite the ERG’s attempt to address the key uncertainties, data limitations imply that some of these
uncertainties cannot be fully explored. First, the cost-effectiveness estimates are based on an
uncontrolled comparison and, while the ERG explored alternative counterfactual assumptions (with
data from PIX301 and the CORAL extension study) considered more appropriate than the company’s
approach (with Eyre et al (2016)), the results will be affected by unquantifiable bias. The ERG
approach aimed to reduce the size of this bias and to make explicit the implications to costeffectiveness of considering different populations to whom tisagenlecleucel may become available as
a treatment option. However, the ERG notes that adjustments were only considered for the
comparator regimens and hence the survival outcomes with tisagenlecleucel were not adjusted when
different comparator data sources were used. Second, the ERG’s modelling approach for the survival
of tisagenlecleucel and other assumptions pertaining to cure and its timing provides a range of
plausible alternatives to the approach adopted by the company, but is also affected by the underlying
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uncertainty of the immature data informing all analyses. The lack of data on the HRQoL and costs of
long-term survivors also implies that this remains an area of uncertainty. Finally, the implementation
of services to deliver CAR T-cell therapies within the UK context raises wider issues with
implications in terms of potential additional resource use/costs to the NHS (e.g. costs of staff training
and/or infrastructure, timing for credit for non-infused product, etc.), which cannot be fully quantified
within the scope of this review.

7.1

Implications for research

Long-term follow up of patients who received tisagenlecleucel in the JULIET trial is essential to more
accurately evaluate its effectiveness and safety.
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9
9.1

Appendices
Quality assessment using the Philips economic modelling checklist

Table 48 Quality assessment of the company’s cost-effectiveness submission using the Philips checklist
Description of quality

Response
(, or
NA)

Comments

Reference

Structure
S1 Statement of decision problem objective
Is there a clear statement of the decision problem?
Is the objective of the evaluation and model
specified and consistent with the stated decision
problem?


Partly

CS, Table 1,
p12
The comparators defined on the decision problem table are stated to be the relevant ones for treatment
with third line and later largely with palliative intent. The decision problem does not position treatment
as necessarily palliative. Therefore, it is considered that the population on which the company bases
their analyses may be more restrictive than the one in the decision problem, and this also limits the
selection of comparators in the CS.

CS, Table 1,
p12



Not specified, but implied as the decision problem is defined in terms of the NICE scope.

Is the perspective of the model clearly stated?



NHS and Personal Social Services (NHS & PSS) perspective.

CS, P87

Are the model inputs consistent with the stated
perspective?



Has the scope of the model been stated or justified?



The scope set by NICE and that used for the company’s de novo analysis was clearly stated in the first
table of the CS. There are, however, discrepancies between the population effectively modelled in the
CS (as highlighted in response to S1) and the choice of comparators.

CS, Table 1,
p12

Is the primary decision-maker specified?
S2 Statement of scope/perspective
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Are the outcomes of the model consistent with the
perspective, scope and overall objective of the
model?



Outcomes relate to life-years, quality adjusted life years based on EQ-5D and costs.

S3 Rationale for structure
The company developed a two part-model consisting of (i) a short-term decision tree applied to the
tisagenlecleucel group to model discontinuation or death prior to infusion with the cell product, and (ii)
a PartSA long term model for all regimens under comparison. The PartSA model contained three
mutually exclusive health states: progression free (PF), progressed disease (PD) and death. The model
is stated to be in line with the clinical pathway of care for the treatment of r/r DLBCL and be
consistent with previous economic evaluations submitted to NICE in r/r DLBCL.

Is the structure of the model consistent with a
coherent theory of the health condition under
evaluation?

Are the sources of data used to develop the structure
of the model specified?



Are the causal relationships described by the model
structure justified appropriately?


CS, p84-86

The model was designed in line with the NICE reference case. No details were provided in
the main submission concerning the model conceptualisation process.
The causal relationship was justified, but the lack of RCT data renders the causal
relationship between tisagenlecleucel and outcomes highly uncertain and likely to be biased.
The ERG considers the base-case approach to inform the effectiveness of comparators
flawed and likely to bias cost-effectiveness estimates in favour of tisagenlecleucel.

CS, p92-107

S4 Structural assumptions
Are the structural assumptions transparent and
justified?



Are the structural assumptions reasonable given the
overall objective, perspective and scope of the
model?



CS, Table 51,
p130
Yes

S5 Strategies/comparators
Is there a clear definition of the options under
evaluation?
Have all feasible and practical options been
evaluated?
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Yes

CS, P88-91

Comparators not evaluated from the NICE scope include:
 DHAP, cisplatin, cytarabine, dexamethasone (with or without rituximab)
 ICE, ifosfamide, carboplatin, etoposide (with or without rituximab)

CS, p12 & 9091
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Is there justification for the exclusion of feasible
options?


IVE, ifosfamide, epirubicin and etoposide (with or without rituximab)

The exclusion was justified on the basis of those regimens being considered “more intensive
and more costly regimens that would typically be used in anticipation of the patient
receiving subsequent SCT following a response to salvage chemotherapy”. These seems to
suggest that the relevant population does not include patients who are treated at third line
and later with an intent to receive subsequent SCT, which is not the case

CS, p12 & 9091

S6 Model type
Is the chosen model type appropriate given the
decision problem and specified causal relationship
within the model?

Yes


S7 Time horizon
Is the time horizon of the model sufficient to reflect
all important differences between options?



Are the time horizon of the model, the duration of
treatment and the duration of treatment effect
described and justified?

The time horizon used in the model was 46 years, which is assumed to represent a lifetime
horizon.

CS, Table 25,
p87

Time horizon: The time horizon is in line with NICE guidance.
Duration of treatment: The schedule of treatment used in the model is consistent with the
expected marketing authorisation.
Duration of treatment effect: Tisagenlecleucel is described as potentially curative effect for a
proportion of patients, based on observed flattening of KM curves for OS and PFS at the end
of follow-up. The ERG considers that the survival data is too immature to robustly support
the cure assumption, despite acknowledging its clinical plausibility

CS, Table 25,
p87
CS, p92-107

S8 Disease states/pathways
Do the disease states or the pathways reflect the
underlying biological process of the disease in
question and the impact of interventions?



The ERG remains concerned that the assumptions around OS extrapolation and cure are
insufficiently supported by the data, given immaturity and short follow-up, and that
uncertainty was not fully explored by the company.

S9 Cycle Length
Is the cycle length defined and justified in terms of
the natural history of disease?

Partly

The cycle length is defined but not justified in terms of the natural history of disease.
However, the ERG considers the cycle length appropriate.

Data
D1 Data identification
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Are the data identification methods transparent and
appropriate given the objectives of the model?

Yes

Sections:
B.3.3-5
CS, p92-94



Data was mostly scarce and few alternative choices were available. However, there were instances
when alternative sources were available and justifications were not provided (e.g. CORAL extension
study as an alternative source of effectiveness; excess mortality of long-term survivors). The selection
of Eyre et al (2016) as the base-case source of effectiveness for the comparator was also insufficiently
justified.



Insufficient attention was given to identifying comparable data for the OS of tisagenlecleucel and
comparators



Where choices have been made between data sources, are
these justified appropriately?

Has particular attention been paid to identifying data for
the important parameters in the model?

The quality of effectiveness cost-effectiveness studies identified in the literature reviews was
conducted with relevant checklists.

Has the quality of the data been assessed appropriately?
Where expert opinion has been used, are the methods
described and justified?

NA

No formal elicitation methods applied in the submission, only validation of model parameters and
outputs.

Is the choice of baseline data described and justified?



Yes

Has a half-cycle correction been applied to both cost and
outcome?



Yes

CS, Appendices
D and G

D2a Baseline data

D2b Treatment effects
If the relative treatment effects have been derived from
trial data, have they been synthesised using appropriate
techniques?
Have the methods and assumptions used to extrapolate
short-term results to final outcomes been documented and
justified?

Relative treatment effectiveness was derived from non-randomised data.
NA



Have assumptions regarding the continuing effect of
treatment once treatment is complete been documented and
justified?



Have alternative extrapolation assumptions been explored
through sensitivity analysis?
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Partly. The choice of parametric curve was informed through visual inspection, assessment of clinical
plausibility, and metrics of statistical fit in line with NICE Decision Support Unit guidelines. The use
of a mixture-cure model to extrapolate tisagenlecleucel OS & PFS is considered by the ERG to be just
one among a number of other plausible realisations of uncertainty around the extrapolation of OS
&PFS for tisagenlecleucel.

CS, section
B.3.3

See S7 (duration of treatment).

Partly. The ERG considers that the scenario analysis conducted by the company do not sufficiently
explore the uncertainty around the OS extrapolation and cure assumptions.

159

CS, Section
B3.8.3

Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma

Have alternative assumptions regarding the continuing
effect of treatment been explored through sensitivity
analysis.

Treatment effect duration was not modelled explicitly in the company’s economic analysis.
NA

D2c Costs
Are the costs incorporated into the model justified?



Has the source of the costs been described?


Have the discount rates been described and justified given
the target decision maker?



Yes.
Unit costs were based on the literature, the company’s proposed list price for tisagenlecleucel (as well
as proposed PAS price) , NHS Reference costs, the monthly index of medical specialties (MIMS),
Personal Social Services Research Unit (PSSRU) 2017 and the Department of Health’s electronic
market information tool (eMit). Where appropriate, unit costs were inflated to 2016/2017 prices. All
sources were explicitly stated and described.

CS, Section
B.3.5

Conventional 3.5% annual discount rates were presented for the base-case scenario. The discount rate
was varied in univariate deterministic sensitivity analysis between 1.5-6% for costs and effectiveness.
The selection of discount rate was not justified but is in line with the NICE reference case.

CS, Table 50,
p127
CS, Table 57,
p142-144

The utilities incorporated into the model are in line with the NICE reference case. Mapping from SF36 to EQ-5D-3L is applied, but it is considered appropriate as EQ-5D was not collected on the JULIET
trial.

CS, Section
B.3.4

Not directly, but the mapping algorithm maps the utilities into UK valued EQ-5D estimates.

CS, Section
B.3.4

Mapping with published validated algorithm

CS, Section
B.3.4

D2d Quality of life weights
Are the utilities incorporated into the model appropriate?

Is the source of the utility weights referenced?
Are the methods of derivation for the utility weights
justified




D3 Data incorporation
Have all data incorporated into the model been described
and referenced in sufficient detail?
Has the use of mutually inconsistent data been justified
(i.e. are assumptions and choices appropriate?)


NA

Is the process of data incorporation transparent?



If data have been incorporated as distributions, has the
choice of distributions for each parameter been described
and justified?
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Mostly, yes.

Yes.
The chosen distributions have been described but not justified.
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If data have been incorporated as distributions, is it clear
that second order uncertainty is reflected?



Mostly. However, for some parameters for which there were no data on variability the standard error
was calculated as 25% of the mean.

CS, p135

D4 Assessment of uncertainty
Have the four principle types of uncertainty been
addressed?
If not, has the omission of particular
forms of uncertainty been justified?

See below


D4a Methodological
Have methodological uncertainties been addressed by
running alternative versions of the model with different
methodological assumptions?

Alternative methods of tisagenlecleucel OS extrapolation were insufficiently explored.

CS, p92-107

Key structural uncertainties in terms of cure timing and OS extrapolation were not sufficiently
explored.

CS, p92-107

NA

No relevant subgroups were defined by the NICE scope. However, there is uncertainty as to whether
the population modelled in the CS is more restrictive than that of the NICE scope

CS, p92-107

Are the methods of assessment of parameter uncertainty
appropriate?



In line with the NICE reference case deterministic sensitivity analyses were performed on a series of
model parameters. Probabilistic sensitivity analyses were also performed.

CS, Section
B.3.8

If data are incorporated as point estimates, are the ranges
used for sensitivity analysis stated clearly and justified?



Yes.

CS, p142

The company does not report any internal validation exercise. The ERG identified and corrected one
programming error identified while conducting additional analyses.

Section B3.10.1



D4b Structural
Is there evidence that structural uncertainties have been
addressed via sensitivity analysis?



D4c Heterogeneity
Has heterogeneity been dealt with by running the model
separately for different subgroups?
D4d Parameter

Consistency
C1 Internal consistency
Is there any evidence that the mathematical logic of the
model has been tested thoroughly before use?



C2 External consistency
Are any counterintuitive results from the model explained
and justified?

NA

If the model has been calibrated against independent data,
have any differences been explained and justified?

NA
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Have the results of the model been compared with those of
previous models and any differences in results explained?

25th July 2018

NA

First study on the cost-effectiveness of tisagenlecleucel in DLBCL. The company highlighted the main
similarities and differences between the company approach for tisagenlecleucel and one other relevant
study, the US ICER analysis of another CAR-T therapy (axi-cel) for adults with r/r aggressive B-cell
lymphoma who are ineligible for SCT.
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9.2

Selection of parametric distributions to model the OS of CORAL 3rd line patients
subgroup

The ERG digitised the KM curves for the subset of patients in the CORAL study 9 who failed to
continue to per protocol ASCT during the study and were followed up in an extension study
conducted by Van den Neste and colleagues6. The digitised curves were sourced from Figure 3 in the
CORAL extension study 6 and correspond to two patients: (i) those who eventually received SCT and
(ii) those who did not. The KM curves are displayed in Figure 27.
Figure 27 Kaplan Meier curves from Van den Neste (2016) 6

The ER used the online software WebPlotDigitizer to digitise the KM curves and applied the
algorithm developed by Guyot and colleagues (2012)21 and colleagues to reconstruct the two sets of
IPD data in R. The ERG fitted standard parametric models (exponential, Weibull, lognormal,
loglogistic, Gompertz and generalised gamma) in Stata® using the streg package to each dataset.
Goodness of fit statistics, in terms of AIC and BIC, are presented in Table 49 for each parametric
model examined and visual representation of each curve is shown alongside the corresponding KM
curve in Figure 28 and Figure 29 for the patient subgroups receiving and not receiving subsequent
SCT, respectively.
The parametric OS curve with better statistical and visual fit for patients who do not receive further
SCT is Gompertz model. While this function is not the best fitting for the patients receiving
subsequent SCT, the Gompertz has a better visual fit and is the only distribution that captures the
distal part of the KM where flattening of the curve is observed. Thus, the Gompertz parametric curves
were selected as the best fitting survival models for both KM curves and implemented in the
company’s revised model.
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Table 49 Goodness of fit measures for salvage chemotherapy OS curves based on CORAL 3rd line
patients subgroup
No SCT

SCT

Parametric model

AIC

BIC

AIC

BIC

Weibull

481.55

487.27

181.94

186.26

Exponential

522.20

525.06

200.20

202.36

Lognormal

490.31

496.03

185.08

189.40

Loglogistic

476.87

482.59

182.29

186.61

Gompertz

469.51

475.23

185.68

190.00

Generalised gamma

481.38

489.96

183.93

190.41

Models with best statistical fit in bold

Figure 28 OS model fitting for CORAL extension study subgroup receiving subsequent SCT
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Figure 29 OS model fitting for CORAL extension study subgroup not receiving subsequent SCT

9.3

ERG’s additional cost scenarios assumptions and results

The ERG explored a number of costing scenarios to address the unresolved uncertainties around
resource use and costs in the company’s base-case, as identified in Section 4. These areas of
uncertainty are:
1. Cost of managing CRS;
2. Duration of B-cell aplasia;
3. Tisagenlecleucel administration setting;
4. Rates of SCT for tisagenlecleucel patients;
5. Undiscounted long-term costs of allogeneic SCT;
Table 50 summarises the assumptions and rationale for varying the company’s base-case.
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Table 50 Overview of ERG’s cost scenarios
Company’s base-case
assumptions

ERG Scenario assumptions/rationale for variations on the base-case

CRS management:
ICU stay for ***** of
tisagenlecleucel patients

The company assumed that the ICU would only be required for ***** of
tisagenlecleucel patients, as for the proportion of patients in JULIET with
CRS grade 3 and above. However, data provided in response to clarification
questions states that ***** of patients in JULIET were admitted to ICU for
CRS management of any grade. The ERG also highlights in section 4 that
provision of tisagenlecleucel may require an ICU bed to be available during
the period a patient in considered to be at risk of CRS, regardless of
whether they then actually experience a serious AE. Thus, the scenario
analyses considers two alternative CRS management scenarios:
i.
ICU stay for ***** of tisagenlecleucel patients
ii.
ICU stay for 100% of tisagenlecleucel patients

B-cell aplasia:
Assumed to be 11.4 months
and AE to be incurred by the
full model cohort

The ERG considers the duration of B-cell to be largely uncertain and
explores the impact of it persisting during:
i.
1 year
ii.
3 years
iii.
5 years
iv.
10 years
The ERG further assumes that only patients still in PFS have B-cell aplasia,
as the AE is dependent on CAR-T cell persistence on the patient’s body.
The ERG explores two alternative costs assumption depending on the
setting for tisagenlecleucel administration:
i.
The **** of patients assumed receive treatment in outpatient
setting incur an additional hostel hospital cost of £150 per night to
reflect the need for ambulatory care close to the hospital post
infusion.
ii.
All patients are treated in an inpatient setting

Administration of
tisagenlecleucel:
**** of patients receive
treatment in outpatient setting

Rates of subsequent SCT for
tisagenlecleucel patients:
As per full analysis set of
JULIET trial.

As per the efficacy analysis set of the JULIET trial.

Undiscounted SCT long-term
costs

Long-term SCT follow-up costs are discounted at a rate of 3.5% per annum.

Table 51 to Table 55 present the full results for the cost scenarios.
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Table 51 Cost-effectiveness results for alternative proportions of patients requiring an ICU
Intervention

Total
costs

Total
LYG

Total
QALYs

ICER

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

£47,542

*******
*

****

****

£48,780

(/QALY)

23.4% of patients requiring an ICU stay
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

100% of patients requiring an ICU stay*
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

Table 52 Cost-effectiveness results for alternative durations of B-cell aplasia
Intervention

Total
costs

ICER

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

£47,208

*******
*

****

****

£47,648

*******
*

****

****

£48,054

*******
*

****

****

£48,935

(/QALY)

B cell aplasia duration = 1 year
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

B cell aplasia duration = 3 year*
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

B cell aplasia duration = 5 years*
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

B cell aplasia duration = 10 years
Tisagenlecleucel

25th July 2018

*******
*

****

****
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Salvage
chemotherapy

*******

****

****

Table 53 Cost-effectiveness results for alternative assumptions on tisagenlecleucel administration
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Tisagenlecleucel patients treated in outpatient setting incur an hospital hostel cost
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£47,561

****

****

£47,652

100% of tisagenlecleucel patients treated as inpatients
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

*******
*

Table 54 Cost-effectiveness results assuming rates of SCT from the efficacy analysis set of JULIET
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£47,555

Table 55 Cost-effectiveness results for discounted long-term follow-up costs of SCT
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

25th July 2018

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£47,511

168

National Institute for Health and Care Excellence
Centre for Health Technology Evaluation
Pro-forma Response
ERG report
Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
You are asked to check the ERG report from Centre for Reviews and Dissemination and Centre for Health Economics – York to
ensure there are no factual inaccuracies contained within it.
If you do identify any factual inaccuracies you must inform NICE by 5pm on Monday 6 July 2018 using the below proforma
comments table. All factual errors will be highlighted in a report and presented to the Appraisal Committee and will subsequently be
published on the NICE website with the committee papers.
The proforma document should act as a method of detailing any inaccuracies found and how and why they should be corrected.

Section 1: Major issues
Issue 1

Patient population to be treated with tisagenlecleucel in clinical practice

Description of
problem

Description of
proposed
amendment

Justification for amendment

ERG response

Misapprehension of the
patient population to be
treated with
tisagenlecleucel in UK
clinical practice.

Novartis proposes that
the ERG makes
changes throughout its
report to reflect the
exact positioning of
tisagenlecleucel in UK
clinical practice.

The ERG are correct in highlighting that the
licensed indication for tisagenlecleucel includes a
wider population than that recruited into the
pivotal JULIET study.

We do not consider that this is an issue of factual
accuracy, nor a misapprehension.

Tisagenlecleucel will
only be used for r/r
DLBCL patients who
have had 2 or more
previous lines of therapy
and who are not eligible
for SCT.

However, as stated in our submission and during
the technical engagement meeting with NICE on
Thursday 2nd August, tisagenlecleucel will only be
used for r/r DLBCL patients who have had 2 or
more previous lines of therapy and who are not
eligible for SCT. It is not intended that
tisagenlecleucel should be used as an alternative
to SCT in this setting. This is an important
distinction as we believe that this
misunderstanding has led the ERG to consider
the proposition in the context of the wider
population rather than the population who will
receive tisagenlecleucel in UK practice. This has
critical consequences when considering the most
relevant of sources of comparator data and other
considerations such as expected survival in the
comparator arm and subsequent SCT rates all of
which influence the most plausible ICERs for
decision making.

The CS does not state that “tisagenlecleucel will
only be used for r/r DLBCL patients who have
had 2 or more previous lines of therapy and who
are not eligible for SCT” but rather that
tisagenlecleucel may be used in the population
covered by the full marketing authorization.
The very first sentence of the submission states
that “This submission covers the full marketing
authorisation for tisagenlecleucel for the
treatment of adult patients with relapsed or
refractory (r/r) diffuse large B-cell lymphoma
(DLBCL) after two or more lines of systemic
therapy.” This is reiterated in Table 1 of the CS
(The decision problem).

Issue 2

The CORAL extension study was selected as a relevant source of comparator data under the misapprehension
that patients treated with tisagenlecleucel are eligible for SCT

Description of
problem

Description of proposed
amendment

Justification for amendment

ERG response

The CORAL extension
study was selected as a
relevant source of
comparator data under the
misapprehension that
patients treated with
tisagenlecleucel are
eligible for SCT

Novartis proposes that the ERG
reconsiders its view on CORAL
extension study as a relevant source
of comparator data.

As highlighted in the cover letter, the
ERG considered the CORAL extension
study to be a better source of evidence
for the comparator because it includes
patients eligible for SCT but as explained
these patients will not be treated with
tisagenlecleucel in UK practice. In
addition, it is important to note that of
those patients not suitable for SCT,
approximately half of patients will be
ineligible due to inadequate fitness whilst
the remaining 50% of SCT ineligible
patients fail to respond adequately to
salvage chemotherapy to receive SCT.
Therefore, the CORAL extension does
not reflect the tisagenlecleucel eligible
population because it includes patients
initially deemed to be eligible for SCT and
excludes a large proportion of the
tisagenlecleucel eligible population i.e.,
those that are ineligible for SCT due to
fitness. Eligibility for SCT was an
inclusion criterion in the original CORAL
study i.e. they would need to be deemed
fit enough to receive SCT to be recruited
into the study. This fact as well as other
limitations, not all identified in the ERG
Report, discredits the CORAL extension
as a robust source of data for the

We do not consider that this is an issue
of factual accuracy. See response to
issue 1.
Moreover, the ERG notes that in Table
7 of the CS appendices it is reported
that both the CORAL study populations
and treatments were deemed to be
relevant to the appraisal, but the
company was unclear whether the term
‘treatment failure’ included refractory
patients. The ERG addressed the latter
concern on p34 of the ERG report.

comparator arm and reaffirms the EYRE
and PIX301 studies as being more
relevant.

Issue 3

ECOG and IPI status on their own cannot be used to determine 'fitness' for tisagenlecleucel treatment

Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

It is incorrect to assert that ECOG
and IPI status on their own can
be used to determine fitness for
tisagenlecleucel treatment.

Wording should be amended to:

ECOG status 0 or 1 was an inclusion
criterion for the JULIET trial. However,
the major determinant of fitness for
tisagenlecleucel is organ function
rather than prognostic indices such as
ECOG and IPI. It is therefore incorrect
to state that based on ECOG score
and IPI risk score, patients included in
the Eyre 2016 study would not be
expected to receive tisagenlecleucel
or CAR T-cell therapy in general.

We do not consider that this is an
issue of factual accuracy.

On page 16, 48, 51, and 53:
“… it appears likely that a
substantial proportion of patients
in the Eyre 2016 study would not
have been fit enough for CAR Tcell therapy (were it available).”

Issue 4

On page 16, 48, 51, 53 and 80:
“… it appears likely that a substantial
proportion of patients in the Eyre
2016 study would not have been fit
enough for CAR T-cell therapy (were
it available) would not be enrolled in
the JULIET trial.”

Misrepresentation of the Howlader study to support the case for a one-knot spline model

Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Misrepresentation of the
Howlader study to support the
case for a one-knot spline model

Wording should be amended to:

As highlighted in the cover letter, it is
misleading to say that the Howlader
study suggested that a standard
parametric and spline modelling

We do not consider that this is an
issue of factual accuracy, nor a
misrepresentation of the Howlader
study. The Howlader study was

On page 80:

and application of general
population mortality after 5 years
On page 80:
“The ERG considers that the use
of a 24 month time point in the
company’s alternative approach
is potentially too short. Howlader
et al (2017),… at least 5 years
after diagnosis.”
On page 125:
“More recent findings from
Howlader et al (2017) suggests
that another alternative approach
might be to utilise the standard
parametric and spline models for
the first 5-years of the model
horizon and to switch to general
population mortality estimates
beyond 5-years for surviving
patients.”

“The ERG considers that the use
of a 24 month time point in the
company’s alternative approach is
potentially too short. Howlader et
al (2017),… at least 5 years after
diagnosis. As with Maurer et al
(2014), which was used in the
CS and also included newlydiagnosed patients with DLBCL,
it is unclear how the results of
the Howlader et al (2017) study
relate to patients who received 2
or more previous line of
treatment.”
On page 125:
“More recent findings from
Howlader et al (2017) suggests
that another The ERG have
explored an alternative approach
might be to utilise the in which
standard parametric and spline
models have been utilised for the
first 5-years of the model horizon
and followed by a to switch to
general population mortality
estimates beyond 5-years for
surviving patients. This is based
on more recent findings from
Howlader et al (2017) which
reported SMRs for non-cancer
related deaths of 1.41 in Months
0–59 and 0.99 in Months ≥60.”

approach could be used. In addition,
whilst the Howlader study (2017)
indicates that patients with DLBCL are
at greater risk of death from non-cancer
causes for the first 5 years, this paper
doesn’t provide any evidence or
support the view that the hazard from
JULIET should be extrapolated for 5
years and that patients follow general
mortality thereafter.
In addition, it can be seen from the
Howlader paper that the hazard ratio
change after two years, in line with the
company’s assumption.
Consideration should also be given to
the limitations of the Howlader and
Maurer studies.

explored by the ERG to address the
uncertainty surrounding the alternative
survival approach proposed by the
company (i.e. the use of a parametric
or spline model for a fixed period of
time followed by a SMR adjusted
general population mortality rate).
The Howlader study clearly concludes
that “although DLBCL-specific mortality
levels off over time, there is no clear
plateau, and even patients who
achieve 2-year survival are still at risk
of dying of their lymphoma”. Given
these findings (and the finding that the
SMR of non-cancer cause of death
decreased from 1.56 between 0-59
months to 0.99 >=60 months), the
ERG considered that a plausible
alternative approach would be to
continue to extrapolate the observed
survival data for a period of 60 months
and to assume general population
mortality from this point.
The ERG notes that the same
limitations apply to the Howlader and
Maurer studies in terms of reporting
data based on time since diagnosis
and not specifically in relation to
patients who received 2 or more
previous lines of treatment.

Issue 5

Misrepresentation of the modelling approach used in the ICER report

Description of problem

Description of proposed
amendment

Justification for
amendment

ERG response

In several places within the ERG report, the
ERG stated that the approach to utilise
standard and spline models for the first 5-years
of the time horizon and to switch to general
population morality is consistent with the
approach used in the US ICER report.

On page 80 and 125, wording should be
amended:

This is not an accurate
description of the modelling
approach considered in the
US ICER report.

We do not consider that this is
an issue of factual accuracy.
The ICER report states that
(p122) “similar to modeling
done by Hettle and
colleagues, we assessed
treatment response and
survival over the first five
years following treatment
completion by extrapolating
data from published KaplanMeier curves. After year five,
survivors experienced a
mortality risk profile consistent
with that of a long-term
survivor, after adjustments
were made for excess
mortality.”

On page 80 and 125:
“… another alternative approach might be to
utilise the standard parametric and spline
models for the first 5-years of the model
horizon and to switch to general population
mortality estimates beyond 5-years for
surviving patients. This approach and the
timing of the switch appear to be more
consistent with the approach used in the US
ICER report.”
This is not an accurate description of the
modelling approach described in the US ICER
report. It is true that the US ICER model
considers general population mortality after
year 5. The model, however, they did not use
standard parametric survival models to
extrapolate OS and PFS up to the first 5-years
of the time horizon. On p64 of the final
evidence report, it is stated that a knot was
added when the slope of the Kaplan-Meier
curve begins to flatten and was followed by
death only due to all-cause mortality. On p127
of the final evidence report, it is noted that the

“… another alternative approach might
be to utilise the standard parametric and
spline models for the first 5-years of the
model horizon and to switch to general
population mortality estimates beyond 5years for surviving patients. This
approach and the timing of the switch
appear to be more consistent with the
approach used in the US ICER
report.”

As outlined in the cover
letter, on p64 of the final
evidence report, the US
ICER institute stated that a
knot was added when the
slope of the Kaplan-Meier
curve flattens. On p127 of
the final evidence report, the
US ICER institute further
explains the exact time point
when the knot was
introduced, which was month
24 for axicabtagene
ciloleucel. In other words, the
general population mortality
was considered starting from
month 24, when the
observed Kaplan-Meier curve
starts to plateau. This
modelling approach is more
consistent with the basecase and scenario analysis
performed by Novartis. This
was highlighted by Novartis
at the clarification stage.
Finally, this was also

The ICER report also states
(p ES 15) that “patient
survival was calculated from
available Kaplan-Meier
survival curves which were
digitized and extrapolated
through five years after
treatment initiation, at which
point those alive and
responding to treatment were
considered effectively cured”

exact timepoint at which the knot was
introduced was month 24 for axicabtagene
ciloleucel, i.e. the general population mortality
was considered starting from month 24. This is
more consistent with the scenario analysis
performed in the CS.

confirmed by the authors of
the ICER US report by
personal communication.

The fact that the final
implementation of the ICER
model reports that a knot was
added at 24 months (for the
OS analysis), followed by
general population mortality,
does not alter the stated
intent of the authors to utilise
parametric extrapolations for
the first five years. Rather it
suggests the parametric
extrapolations beyond 24
months were not providing
clinically plausible projections
and hence estimates were
bounded by general
population mortality at this
point.
The ERG also notes that the
ICER analysis was based on
a separate product (axi-cel)
and hence cannot be
generalised to
tisagenlecleucel.

Section 2: Other comments
Issue 6

Number of studies to support the use of the 5-year timepoint

Description of problem

Description of proposed
amendment

Justification for
amendment

ERG response

The ERG refers to ‘several’ studies that
have shown excess mortality up to 5 years
but only one study (Howlader et al. [2017])
is described or included as a citation.

Citations for the additional studies
should be added or the wording should
be amended to say that the ERG
identified one study.

The evidence used to support
the ERG’s preferred
assumptions should be cited or
appropriately described.

We accept the justification for
amendment. An additional
reference has been added
(Jakobsen 2017) on page 126.
The ERG did not update page
21 and 24 as these are part of
the summary and usually do
not contain references. This
study reported that excess
mortality remained for patients
achieving post-treatment
event-free survival for 24
months. The 5-year posttreatment DLBCL survival was
reported to be inferior to
survival in the matched
general population (78%; 95%
CI, 76 to 80; v 87%;
standardized mortality ratio,
1.75; P < .001).

On page 21:
“However, the ERG also identified several
other studies that suggest that significant
excess mortality may remain up until at
least five years post-diagnosis”
On page 24:
“Nevertheless, the ERG identified several
other studies that suggest that significant
excess mortality may remain up until at
least five years post-diagnosis and
considered that this should be potentially
reflected both in the mortality assumptions
as well as the HRQoL and cost
assumptions”

Issue 7

Referring to the relevant treatment setting (third-line or later)

Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Only the third-line setting has been
referred to when discussing the
treatment setting described in the
CS or the JULIET trial.

On page 31, wording should be
amended to:

Given that the JULIET trial included
patients who had received up to six
prior lines of therapy, it is important
to be clear that the patient
population of interest includes later
lines of therapy (and not just third
line). This has implications for what
source of comparator efficacy is
most closely aligned to the JULIET
trial and patient population of interest
(e.g. the CORAL extension study
only included patients treated in the
third line).

We accept the amendment
proposed by the company and will
change our report as suggested.

On page 31:
“Based on the assumption that
patients would only receive
palliative therapy in the 3rd line
setting the CS used comparison
data based on the estimated
efficacy of Gem-Ox and GDP (with
or without rituximab).”

Issue 8

“Based on the assumption that
patients would only receive palliative
therapy in the 3rd line or later setting
the CS used comparison data based
on the estimated efficacy of Gem-Ox
and GDP (with or without rituximab).”

Incorrectly referring to efficacy for Gem-Ox and GDP

Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

On page 31:

On page 31, wording should be
amended to:

As efficacy for Gem-Ox and GDP
were not presented from trials of
Gem-Ox or GDP in the CS, it may be
clearer to simply refer to these here
as the salvage chemotherapy
comparators included by the
manufacturer.

We do not consider that this is an
issue of factual accuracy.

“Based on the assumption that
patients would only receive
palliative therapy in the 3rd line
setting the CS used comparison
data based on the estimated
efficacy of Gem-Ox and GDP (with
or without rituximab).”

“Based on the assumption that
patients would only receive palliative
therapy in the 3rd line setting the CS
used comparison data based on
the estimated efficacy of included
Gem-Ox and GDP (with or without

rituximab) as the relevant salvage
chemotherapy comparators.”

Issue 9

Incorrect description of figure requested by the ERG

Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

On page 39:

On page 39, wording to be
amended:

The statement regarding the
requested results is incorrect. As part
of the clarification questions, the ERG
requested the following:

With respect to the paragraph in
question we accept the amendment
proposed by the company and will
change our report as suggested.

A2. Priority question: Please provide
an additional Kaplan-Meier plot for
progression-free survival (PFS)
without censoring for SCT (Full
Analysis Set at the 8th December cutoff) based on the local investigator
assessment.

However, we would also like to point
out that the ERG did request PFS
results with censoring for SCT in
question A5; data were not provided
for the infused population and were
not available for the full ITT and noninfused populations.

“However, the CS presented PFS
results without censoring for SCT
(p43). The ERG therefore
requested results with censoring
and based on the local investigator
assessment (********). When
compared to Figure 9 in the CS
this resulted in a small reduction in
median PFS from
**************************** to
*********************.”

“However, the CS presented PFS
results without censoring for SCT
(p43). The ERG therefore
requested results without
censoring and based on the local
investigator assessment (********).
When compared to Figure 9 in the
CS this resulted in a small
reduction in median PFS from
**************************** to
*********************.”

Issue 10 The rationale provided in the CS for the use of the Eyre 2016 study has not been represented fully
Description of problem

Description of proposed amendment

Justification for
amendment

ERG response

On page 45:

On page 45, wording should be amended to:

The rationale for using the Eyre
2016 study has not been fully
described in the ERG report.
That this was a UK study in the
relevant patient population (in
terms of line of therapy) was an
important consideration, as
described in Section B.2.8 of the
CS

We do not consider that this is
an issue of factual accuracy.

“The CS stated that the Eyre 2016
study3 was selected for the base
case cost-effectiveness analysis
because of:


Its real world relevance to
clinical practice



Clinician advice that
survival outcomes are
representative of 3rd or
later line patients in the UK



Limitations of the
SCHOLAR-1 and Pettengel
(PIX301) studies.”

3

“The CS stated that the Eyre 2016 study was
selected for the base case cost-effectiveness
analysis because of:


Its real world relevance to clinical
practice in the UK given that it
recruited patients treated with
pixantrone monotherapy in the UK in
the 3rd and later-line setting



Clinician advice that survival outcomes
are representative of 3rd or later line
patients in the UK



Limitations of the SCHOLAR-1 and
Pettengel (PIX301) studies.”

Issue 11 Incorrect statement regarding the reporting of limitations of the Eyre 2016 study in the CS
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

On page 45:

Please remove this wording

Limitations of the Eyre 2016 study are
acknowledged on page 59 of the CS.
These are not dissimilar to those
considered by the ERG:

We do not consider that this is an
issue of factual accuracy. Although
the company stated these
differences between the studies it
did not discuss them as being
limitations of Eyre 2016.

“However, the ERG notes that
the CS did not report
limitations of the Eyre 2016
study.”

“… Additionally, patients were older
and tended to have higher IPI risk
score and higher ECOG performance

status compared with the JULIET trial
(see Table 15).”

Issue 12 Full reporting of the Committee conclusions from TA306 (as noted in the CS) should be presented
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

On page 77:

On page 77, wording should be
amended to:

Given that the purpose of this section
is to discuss the appropriateness of
the comparator data, it is important to
note that the comparator arm of
PIX301 and the subgroup data used in
the CS were both accepted in TA306.
(See pg 61 of the CS for discussion of
the relevant subgroup)

We do not consider that this is an
issue of factual accuracy. However,
we accept that the proposed
amendment may provide useful
additional contextual information and
will change our report as suggested.

“The company considered
that the most relevant
population of the PIX301 trial
was the subgroup of patients
with histology confirmed by
central review, who had
received prior rituximab and
were being treated in the thirdor later-line setting (n=30 for
pixantrone monotherapy and
n=26 for investigator choice
chemotherapy).”

“The company considered that the
most relevant population of the PIX301
trial was the subgroup of patients with
histology confirmed by central review,
who had received prior rituximab and
were being treated in the third- or laterline setting (n=30 for pixantrone
monotherapy and n=26 for investigator
choice chemotherapy). The use of this
subgroup data is consistent with the
conclusions of the Committee in
TA306 on the PIX301 patient
population considered to be most
relevant to UK clinical practice.”

Issue 13 PIX301 data used in the analysis in the ERG alternative base case is not clear
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

It is unclear from the ERG
report whether the pixantrone
or investigator’s choice arm

On page 141, wording should be
amended to:

Clarity is needed on which subgroup
data from PIX301 have been used in
the ERG alternative base case given

We do not consider that this is an
issue of factual accuracy. However,
we accept that the proposed

subgroup data from the
PIX301 trial were used in the
ERG alternative base case
using PIX301 (as both
treatment arms are discussed
in the CS as being included in
the model)
On page 141:

“The first source is the PIX301 trial
subgroup data (as described in the
CS pg 105) for the trial comparator
arm which is assumed to be reflective
of a population treated with a third or
greater line chemotherapy and to
whom treatment is given with palliative
intent.”

that different subgroups and treatment
arms from the PIX301 study have
been discussed in the CS

amendment may provide additional
clarity to the ERG report. We can
confirm that we used the PIX301 data
as parameterised in the company’s
model for salvage chemotherapy (i.e.
as detailed on page 105 of the CS).
We will update our report as
suggested.

“The first source is the PIX301
trial subgroup data which is
assumed to be reflective of a
population treated with a third
or greater line chemotherapy
and to whom treatment is
given with palliative intent.”

Issue 14 Inconsistent description about the patient population in JULIET trial
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

In several places within the
ERG report (e.g., p15 in
section 1.3), the patient
population of JULIET has been
described as

Wording should be amended
throughout to:

For consistency with the inclusion
criteria in the JULIET trial, the ERG
should note that patients who had
failed autologous SCT were also
included in the trial.

We do not consider that this is an
issue of factual accuracy. The only
place we can find the quoted text is
on p37 of the ERG report – on the
same line we also state that patients
who failed autologous SCT were
eligible for JULIET.

"ineligible for or not consenting
to autologous SCT"
(for example, on page 15)

“failed autologous SCT, or ineligible
for or not consenting to autologous
SCT”

Issue 15 Incorrect description of patient population in Schuster 2017
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

On page 27:

On page 27, wording should be amended to:

“Also, patients with a life
expectancy of <12 weeks
(many of which will have had
ECOG grades of ≥2) were
excluded.”

“Also, patients with a life expectancy of <12
weeks (many of which will have had ECOG
grades of ≥2) were excluded in the JULIET
trial.”

A life expectancy of <12 weeks is
not an exclusion criterion for the
UPenn study (Schuster 2017).

We accept the addition proposed
by the company and will change
our report as suggested.

Issue 16 Description of the review of observational studies
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

On page 33:

On page 33, wording should be amended:

“ERG noted that observational
studies were identified by
excluding records about trials
from the search results. One
of the search terms used to
identify trials was prospective
study/ (line 4). Observational
studies can however be
carried out prospectively and
can be indexed as Prospective
Study/ in MEDLINE.
Consequently, it is possible
that some relevant records
could have been excluded
from the observational studies
by this operation.”

“ERG noted that observational studies were
identified by excluding records about trials
from the search results. One of the search
terms used to identify trials was prospective
study/ (line 4). Observational studies can
however be carried out prospectively and
can be indexed as Prospective Study/ in
MEDLINE. Consequently, it is possible that
some relevant records could have been
excluded from the observational studies by
this operation. Any prospective
observational studies identified from the
clinical trials search were however
reallocated to the list of observational
studies".

Novartis would like to clarify that
any prospective observational
studies identified from the clinical
trials search were reallocated to the
observational studies during the
literature review process.

We do not consider that this is an
issue of factual accuracy.

The current statement in the ERG
report should therefore be further
clarified.

Issue 17 Correction: BNF and not MIMS was used as the source of unit costs for drug acquisition
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

In Table 4 on page 62:

In Table 4 on Page 62, wording should be
amended to:

The BNF and not MIMS was used as
the source of unit costs for drug
acquisition (branded therapies), as
described in the CS (p114)

We acknowledge our reporting error
and will change our report as
suggested.

“Drug and administration unit
costs were sourced from
eMIT, MIMS, and NHS
reference costs.”

“Drug and administration unit costs were
sourced from eMIT, MIMS, BNF, and NHS
reference costs.”

Issue 18 Correction: cost of AlloSCT long-term follow up
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

In Table 21 on page 106:

In Table 21 on page 106, cost should be
corrected to:

Correction of cost reported in the
ERG (see Medical cost input (UK)
sheet in the model)

We acknowledge our reporting error
and have corrected Table 21
accordingly.

Base case, Allo SCT long-term
follow-up cost = £39,275.00

Base case, Allo SCT long-term follow-up
cost = £39,275.00 £37,101.39

Section 3: Confidentiality highlighting amendments
Issue 19
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is not required.

Remove all highlighting in these sentences.

This data has been published in
the abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence
Submission accordingly.

We do not consider that this is
an issue of factual accuracy.

On page 14:
“Of the *** enrolled patients
********* received a
tisagenlecleucel infusion”

On page 14:
“Of the 165 enrolled patients 111 (67%)
received a tisagenlecleucel infusion”
On page 18:

On page 18:

“…JULIET (8th December 2017 cut-off date,
n=111)”

“…JULIET (8th December 2017
cut-off date, n=***)”

On page 36:

On page 36:
“At the time of the latest data cutoff date (8th December 2017)
*************************. However,
only around ********** of these
patients went on to receive
tisagenlecleucel **************”
On page 46 (Table 2):
“JULIET (N=***)”

“At the time of the latest data cut-off date (8th
December 2017) 165 patients had enrolled.
However, only around two-thirds of these
patients went on to receive tisagenlecleucel
(111/165=67%).”
On page 46:
“JULIET (N=111)”

Issue 20
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Academic in Confidence highlighting
is not required.

Remove all highlighting in these
sentences.

We do not consider that this is an
issue of factual accuracy.

On page 14:

On page 14:

“ORR was
********************************, with
****% of patients achieving a
complete response (CR) and *****
achieving a partial response (PR)”

“ORR was 51.6% (48/93 95% CI: 41.0,
62.1), with 39.8% of patients achieving a
complete response (CR) and 11.8%
achieving a partial response (PR)”

This data has been published in
the abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence
Submission accordingly.

On page 38:
“ORR was
********************************, with
****% of patients achieving a
complete response (CR) and *****
achieving a partial response (PR)”

On page 38:
“ORR was 51.6% (48/93 95% CI: 41.0,
62.1), with 39.8% of patients achieving a
complete response (CR) and 11.8%
achieving a partial response (PR)”

Issue 21
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Academic in Confidence highlighting is
not required.

Remove all highlighting in these
sentences.

We do not consider that this is
an issue of factual accuracy.

On page 15:

On page 15:

This data has been published in
the abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in

“the median OS was
********************************************On
page 38:
“the median OS was
*******************************************

“the median OS was 11.7 months
(95% CI: 6.6 to not evaluable)”

the Company Evidence
Submission accordingly.

On page 38:
“the median OS was 11.7 months
(95% CI: 6.6 to not evaluable)”

Issue 22
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is not required.

Remove all highlighting in these
sentences.

We do not consider that this is an
issue of factual accuracy.

On page 38:

On page 38:

“Bridging chemotherapy – for
stabilising disease whilst patients
waited for tisagenlecleucel
manufacture and infusion - was
received by ******* patients”

“Bridging chemotherapy – for stabilising
disease whilst patients waited for
tisagenlecleucel manufacture and infusion
- was received by 102/111 patients”

This data has been published in the
abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence Submission
accordingly.

Issue 23
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is not required.

Remove all highlighting in these sentences.

This data has been published in
the abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence
Submission accordingly.

We do not consider that this is an
issue of factual accuracy.

On page 38:
“Lymphodepleting
chemotherapy (for patients with
a white blood cell count of

On page 38:
“Lymphodepleting chemotherapy (for
patients with a white blood cell count of
>1000 cells/µL) was also received by
103/111 patients”

>1000 cells/µL) was also
received by ******* patients”

Issue 24
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is not required.

Remove all highlighting in these sentences.

This data has been published in
the abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence
Submission accordingly.

We do not consider that this is an
issue of factual accuracy.

On page 46 (Table 2):
Age (years), median (range) for
JULIET is reported as
“****************”

On page 46 (Table 2):
Age (years), median (range) for JULIET is
reported as “56.0 (22.0-76.0)”

Issue 25
Description of problem

Description of proposed amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is not required.

Remove all highlighting in these sentences.

This data has been published in
the abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence
Submission accordingly.

We do not consider that this is an
issue of factual accuracy.

On page 38:
***************

On page 38:
“49 **********”

Issue 26
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is not required.

Remove all highlighting in these
sentences.

We do not consider that this is an
issue of factual accuracy.

On page 51:

On page 51:

****** of patients had grade a 3
CRS event and ** had grade 4
CRS.“

“13.5% of patients had grade a 3 CRS
event and 8% had grade 4 CRS.“

This data has been published in the
abstract by Borchmann et al.
(2018). The confidentiality
highlighting has been updated in
the Company Evidence Submission
accordingly.

Issue 27
Description of problem

Description of proposed
amendment

Justification for amendment

ERG response

Academic in Confidence
highlighting is required.

On page 68, add Academic in Confidence
highlighting as follows:

In Table 24 on page 111:

Assumes that **% of patients receive and
1.59 doses of tocilizumab (average dose)
on JULIET

Data on the number (and therefore
proportion) of patients who received
tocilizumab in the JULIET trial has
not been published (see
highlighting on CS pg 73)

We accept that the ERG did not
correctly apply AIC highlighting.
This has been corrected.

Assumes that **% of patients
receive and 1.59 doses of
tocilizumab (average dose) on
JULIET

Issue 28
Description of problem

Description of proposed
amendment

Justification for
amendment

ERG response

Commercial in confidence highlighting is not required:

Remove all highlighting in
these sentences:

The anticipated license
indication was published
when the CHMP provided
a positive opinion for
tisagenlecleucel in DLBCL
on the 28th June 2018

We do not consider that
this is an issue of
factual accuracy.

On page 13, 17, 27, 68:
**************************************************************************.”
On page 27:
“The CS stated that positive opinion from the Committee for
Medicinal Products for Human Use (CHMP) was expected in
********.”

On page 68:
adult patients with r/r DLBCL
after two or more lines of
systemic therapy.
On page 27:
“The CS stated that positive
opinion from the Committee
for Medicinal Products for
Human Use (CHMP) was
expected in May 2018.”
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Evidence Review Group Report
Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma
[ID1166]
Erratum
Issue 6

P126 Two references have been added to the first paragraph.
Issue 7

P31 The text “Based on the assumption that patients would only receive palliative therapy in the 3rd
line setting the CS used comparison data based on the estimated efficacy of Gem-Ox and GDP (with
or without rituximab)”
Should read: “Based on the assumption that patients would only receive palliative therapy in the 3rd
line or later setting the CS used comparison data based on the estimated efficacy of Gem-Ox and GDP
(with or without rituximab)”
Issue 9

P39 The text: “However, the CS presented PFS results without censoring for SCT (p43). The ERG
therefore requested results with censoring and based on the local investigator assessment *Error!
Reference source not found.). When compared to Figure 9 in the CS this resulted in a small
reduction in median PFS from *** ************************ to *********************
Should read: “However, the CS presented PFS results without censoring for SCT (p43). The ERG
requested results (from date of enrolment) with censoring for SCT but these were not available. The
ERG also requested results without censoring but based on the local investigator assessment *Error!
Reference source not found.). When compared to Figure 9 in the CS this resulted in a small
reduction in median PFS from *** ************************ to *********************
Issue 12

P78 The text: “The company considered that the most relevant population of the PIX301 trial was the
subgroup of patients with histology confirmed by central review, who had received prior rituximab
and were being treated in the third- or later-line setting (n=30 for pixantrone monotherapy and n=26
for investigator choice chemotherapy).”
Should read: ”The company considered that the most relevant population of the PIX301 trial was the
subgroup of patients with histology confirmed by central review, who had received prior rituximab
and were being treated in the third- or later-line setting (n=30 for pixantrone monotherapy and n=26
for investigator choice chemotherapy). The use of this subgroup data is consistent with the
conclusions of the Committee in TA306 on the PIX301 patient population considered to be most
relevant to UK clinical practice.”

25th July 2018

Issue 13

P141 The text: “The first source is the PIX301 trial subgroup data which is assumed to be reflective of
a population treated with a third or greater line chemotherapy and to whom treatment is given with
palliative intent”
Should read: ”The first source is the PIX301 trial subgroup data (as described in the CS pg 105) for
the trial comparator arm which is assumed to be reflective of a population treated with a third or
greater line chemotherapy and to whom treatment is given with palliative intent.”
Issue 15

P27 The text: Also, patients with a life expectancy of <12 weeks (many of which will have had ECOG
grades of ≥2) were excluded.
Should read: Also, patients with a life expectancy of <12 weeks (many of which will have had ECOG
grades of ≥2) were excluded in the JULIET trial.
Issue 17

P 62, Table 4, the text: “Drug and administration unit costs were sourced from eMIT, MIMS, and
NHS reference costs.”
Should read: “Drug and administration unit costs were sourced from eMIT, BNF, and NHS reference
costs.”
Issue 18

P 106, Table 21: Column 4, row 3 the text “£41,325.56”
Should read “£37,101.39”
Column 5, row 3: The text “£39,275.00”
Should read: “£41,325.56”
Issue 27

P111: AIC highlighting added to *** in column 3, row 2 of Table 24.
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2

Critique of company’s decision problem, description of the technology
and clinical care pathway

2.1

Decision problem

The CS presented the differences between the decision problem described in the final scope issued by
NICE and the decision problem addressed in the CS (Table 1 of the CS).
2.1.1

Population

The patient population for the clinical evidence submitted by the company is analogous with the
population described in the final scope. There is a difference in that the population in the NICE scope
adults with relapsed or refractory (r/r) diffuse large B-cell lymphoma (DLBCL) is broader than the
population covered by the submission, which is consistent with the anticipated licensed indication:
adult patients with relapsed or refractory (r/r) diffuse large B-cell lymphoma (DLBCL) after two or
more lines of systemic therapy.
The clinical effectiveness evidence submitted by the company was comprised of two studies: a singlearmed trial - the JULIET study,1 and a smaller case series (Schuster 20172). Data from the two studies
were pooled, producing a population which fits within that defined in the decision problem. However,
the JULIET and Schuster datasets included only patients with ECOG performance status grades of 0
or 1 (i.e. patients who are fully active, or able to do light work but restricted in strenuous activity).
Also, patients with a life expectancy of <12 weeks (many of which will have had ECOG grades of ‡2)
were excluded in the JULIET trial. These eligibility criteria suggest that unfit patients are unlikely to
be well enough to receive tisagenlecleucel. ECOG performance status is an important prognostic
indicator of outcomes in patients with r/r DLBCL therefore it is important that comparator studies
consist of patient populations with similar distributions of ECOG grades. In the Eyre 2016 study,3
which was used to inform comparator effectiveness in the cost-effectiveness base case analysis, 54%
of patients had ECOG grades of 2-4.
The applicability of the JULIET study results to the broader r/r DLBCL population who have had two
or more lines of systemic therapy was also limited by another exclusion criterion: patients who were
eligible for and consenting to autologous SCT were excluded. Consequently, there is no evidence on
the efficacy of tisagenlecleucel in these patients but they are encompassed by the anticipated license.
2.1.2

Intervention

The intervention in the CS was the same as that specified in the final scope: tisagenlecleucel
(Kymriah). A marketing authorisation application for tisagenlecleucel in this indication was submitted
to the European Medicines Agency (EMA) on 6th November 2017. The CS stated that positive opinion
from the Committee for Medicinal Products for Human Use (CHMP) was expected in May 2018.
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clinician the CS stated that around 5% of patients who have received two or more prior lines of
systemic therapy are expected to achieve a sufficient clinical response to support receipt of a SCT
following 3rd line chemotherapy. Whilst this estimate may reflect the whole r/r DLBCL population
who have received two lines of therapy (including sicker patients, such as those with ECOG grades
24), the ERG considers it is unlikely to accurately reflect the specific patient groups who are likely to
receive tisagenlecleucel on the NHS. This is based on results from two relevant studies of the thirdline therapies given to the CORAL trial cohort. The first followed up 203 patients who had failed
second line salvage therapy. It reported an overall response rate to 3rd line chemotherapy of 39% with
28% having an autologous SCT.6 The CS added that whilst allogeneic SCT may be considered for
patients who have relapsed after autologous SCT or for whom stem cell harvesting was not possible, it
is rarely performed. The ERG notes that this contrasts with results from a second paper on the
CORAL cohort; in a cohort of 75 patients who relapsed following autologous SCT the overall
response rate to 3rd line chemotherapy was 44%, with 18% receiving an allogeneic SCT.7 Based on
the assumption that patients would only receive palliative therapy in the 3rd line or later setting the
CS used comparison data based on the estimated efficacy of Gem-Ox and GDP (with or without
rituximab). The ERG thinks an important omission has been made in the CS by not considering
patients who are able to receive more intensive 3rd line treatments such as ICE, IVE and DHAP.
Figure 1 DLBCL treatment pathway and positioning of tisagenlecleucel as proposed in the company
submission (from figure 5 in the CS)

2.4

Equality considerations

No equality issue were identified in the CS.
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at the latest data cut-off *** patients had received subsequent SCT (all *** patients received an
allogeneic SCT and *** patient also received an autologous SCT). However, the CS presented PFS
results without censoring for SCT (p43). The ERG requested results (from date of enrolment) with
censoring for SCT but these were not available. The ERG also requested results with censoring but
based on the local investigator assessment (Figure 3). When compared to Figure 9 in the CS this resulted
in a small reduction in median PFS from ******************) to **************).
**************************************************************************************
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Approach
hypogammaglobinaemia and
immunodeficiency common variable as
reported in the JULIET trial
Cost categories were:
•
Pre-treatment costs
•
Tisagenlecleucel: leukapheresis, bridging
chemotherapy, and lymphodepleting
chemotherapy.
•
Treatment and administration costs
•
Tisagenlecleucel: drug acquisition, infusion
and hospitalisation
•
Comparator: drug acquisition and
administration
Resource use
•
Subsequent therapy: SCT
and costs
•
Health state resource use and costs
•
AE costs

Source / Justification

Location in CS

estimation of treatment related disutility.

Drug and administration unit costs were sourced from eMIT, BNF, and NHS reference Section B.3.5 p114-126
costs. Resource use was informed by UK hospital chemotherapy protocols. A Patient
Access Scheme (PAS) discount of **% off the tisagenlecleucel list price is under
discussion with NHS England.
Health state resource use data were derived from Muszbek et al. (2016) 13 and unit
costs sourced from the Personal Social Services Research Unit (PSSRU), NHS
reference costs and other published sources.
The costs of adverse events grade 3-4 with incidence ‡ 5% were included in the basecase.
The cost of B-cell aplasia was applied to a proportion of patients treated with
tisagenlecleucel
It was also assumed that patients alive after 2 years were long-term survivors and it
was assumed that monthly follow-up costs would be the same as those in PF,
irrespective of health state.
The cost of end of life care was included for the last cycle that patients were alive in the
model and for both intervention and comparator.

Costs and benefits were discounted at 3.5% per
Discount rates
annum

Sensitivity
analysis

Probabilistic sensitivity analysis was performed.
Deterministic univariate probabilistic analysis was
performed on a series of model parameters. A
series of scenario analyses was also performed.

25th July 2018

In accordance with the NICE reference case.

Section B.3.2; p98

In accordance with the NICE reference case.

B.3.8; p135-155
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chemotherapy (using the PIX301 comparator arm). Hence, in contrast to the base case analysis this
scenario assumed differential survival for pixantrone monotherapy and the salvage regimens.
The company considered that the most relevant population of the PIX301 trial was the subgroup of
patients with histology confirmed by central review, who had received prior rituximab and were being
treated in the third- or later-line setting (n=30 for pixantrone monotherapy and n=26 for investigator
choice chemotherapy). The use of this subgroup data is consistent with the conclusions of the
Committee in TA306 on the PIX301 patient population considered to be most relevant to UK clinical
practice. However, only limited data were reported for this subgroup (median OS estimates only) and
separate Kaplan-Meier curves were not available. As a result, the company proposed the use of
pseudo-IPD from the overall PIX301 trial population together with an adjustment (assuming
proportional hazards) which ensured that the best-fitting parametric or spline model predicted a
similar median value for OS reported for the subgroup of interest. Further details of this approach
were reported in Appendix L in the company submission.
The second scenario explored the use of the SCHOLAR-1 meta-analysis of patient-level data from
four clinical studies. The SCHOLAR-1 studies was identified in the SLR as being a potentially
relevant source of OS data for salvage chemotherapy but was not considered in the base case given
concerns regarding: (i) the relevance of the full population in SCHOLAR-1 (which only included
refractory patients) and the population considered in the JULIET trial (which included relapsed and
refractory patients); and (ii) the high proportion of patients in SCHOLAR-1 who received SCT
following their salvage chemotherapy regimen (180/603 [29.9%]) and the potential that long-term OS
may be overestimated compared to UK practice given the company s assertion that treatment with
salvage chemotherapy in a 3rd and later line setting is expected to be palliative for the majority of
patients.
To more closely align the populations in the tisagenlecleucel trials and the SCHOLAR-1 data, the
company excluded patients included in SCHOLAR-1 who were primary refractory only. Pseudo-IPD
was derived from the published Kaplan-Meier curve from the combined refractory subgroups
(refractory to second- or later-line therapy, and relapsed £12 months after autologous SCT). Single
parametric and spline models were fitted to the pseudo-IPD data. The spline model with two knots
was selected for the extrapolation of OS based on goodness of fit (Table 48, Appendix L) and visual
assessment (Figure 19, Appendix 11).
ERG comment
The company justified the selection of the mixture-cure model approach used for tisagenlecleucel
largely on its ability to more appropriately capture the plateau suggested by the Kaplan Meier curve.
The ERG notes that the observed data for tisagenlecleucel was collected over a short follow-up when

25th July 2018
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Table 21 Costs of subsequent stem cell transplant
SCT costs

Stem cell
harvesting

Procedure

Long-term followup

Total

Source
Stem cell harvesting cost and procedure cost: NHS National
Reference Cost schedule 2016 17 41

17,324.84

ASCT

7,781.73

28,398.07
Follow-up cost:
- Allo SCT: UK Stem Cell Strategy Oversight Committee
(2004) 42
- ASCT: calculated as a proportion of allogeneic SCT costs
based on the relative cost of allogeneic SCT compared to
autologous SCT, as reported in Blommestein et al. (2012) 43

3,291.49
37,101.39

AlloSCT

41,325.56

81,718.44

S1. ASCT

38,672.55

S1. AlloSCT

88,622.30

S2. ASCT
S2. AlloSCT

Not reported

NICE NG52 guideline 34, costs inflated to 2016/17 price year

Manufacturer s base case in TA478 44, costs not inflated to
2016/17 as original submission did not state year of analysis.

53,790
108,502

Key: AlloSCT, allogeneic stem cell transplant; ASCT, autologous stem cell transplant; S1, scenario one; S2, scenario two.

25th July 2018
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Table 24 summarises the costs of managing CRS and B-cell aplasia.
Table 24 Costs of CRS and B-cell aplasia
Source of unit cost
Adverse event

Resource use
Assumes that **% of patients receive and **** doses of tocilizumab
(average dose) on JULIET
Drug acquisition
921.60

CRS

Tocilizumab 8 mg/kg (JULIET protocol)
One scenario analysis included a hypothetical 20% PAS discount on
the cost of tocilizumab, as the actual PAS is confidential.
Source of unit costs: BNF online
Assumes incidence of ****% (Grade 3-4 CRS) and ******** of
hospital stay

Hospital admission
9,036.14
Total cost:
9,957.74
B-cell aplasia
IVIG administration
173.99/ month
Total cost:
3,286.06

Source of unit costs: NHS Reference Costs, Weighted average of
HRGs for medical adult patients (unspecified specialty);Critical Care
(currency codes: XC01-7Z)
NHS Reference Costs 41 Cost of Deliver Simple Parenteral
Chemotherapy at First Attendance (SB12Z)

Assumes incidence of ****%, based on JULIET data; treatment
duration of 11.4 months; and drug wastage
Drug
acquisition
400 mg/Kg every 4 weeks 46
1,710.00/ month
Source of unit costs: BNF online

The costs of treating CRS were assumed to include the cost associated with ICU admission and
treatment with tocilizumab. The company clarified that the duration of ICU **** days applied in the
model results from adjusting the mean duration of grade 3-4 CRS related ICU stay in JULIET (***
days) to reflect the patients experiencing grade 1-2 CRS who required the an ICU stay. Following
response to clarification points the company updated the model by removing this adjustment. The
ERG considers that the initial approach to adjust duration is more appropriate given that ICU stays
translate into a relevant cost, irrespective of the seriousness of the adverse event.
The company applied the cost of CRS to **** of patients (Grade 3-4 only), but the ERG notes that
****************** of patients were admitted to ICU due to all grade CRS in the JULIET trial.
Furthermore, the ERG considers that it is possible that the provision of tisagenlecleucel in specialist
centres may require an ICU bed to be available during the period a patient is considered to be at risk
of CRS, regardless of whether they then actually experience a serious AE. The potential costs of ICU
beds due to CRS are discussed further in section 5.
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chemotherapy. Thus, implementing the correction favoured the cost-effectiveness of tisagenlecleucel
and resulted on an ICER of 46,173 per QALY.
Table 45 Cost-effectiveness results for company’s revised base-case after further corrections
Intervention

Tisagenlecleucel
Salvage
chemotherapy

5.3.7

Total
costs

Total
LYG

Total
QALYs

*******

****

****

*******

****

****

Inc costs
*******

Inc LYG

Inc QALYs

****

****

ICER
(/QALY)
46,173

ERG alternative base-case

The ERG health state utilities age adjustment and preferred cost assumptions were combined and used
as part of an ERG alternative base-case.
Given the uncertainty surrounding the relevant patient population the ERG base case analysis is
presented using two sources of effectiveness data to inform the survival of salvage chemotherapy
patients. The first source is the PIX301 trial subgroup data (as described in the CS pg 105) for the trial
comparator arm which is assumed to be reflective of a population treated with a third or greater line
chemotherapy and to whom treatment is given with palliative intent. The second source is the CORAL
extension study of 203 patients who did not proceed to per-protocol ASCT and who were candidates
for a third-line regimen. The ERG considers this potentially more generalisable to the population for
whom tisagenlecleucel might be considered based on the anticipated marketing authorisation. In the
revised ERG base-case, a rate of 12.5% SCT was assumed given that it was the mid-point of the range
considered plausible by the clinical advisors to the company and to the ERG.
The ERG base-case also recognises the uncertainty surrounding the extrapolation of OS for
tisagenlecleucel and the health state cost and utility for long-term survivors (all regimens), and
presents results for the two sets of combined assumptions considered plausible:
1. Mixture-cure lognormal model for tisagenlecleucel with same health state cost and utility as
for PFS for all regimens after 5 years;
2. One knot single spine model followed by general population mortality (SMR=1.0) for
tisagenlecleucel with same health state cost and utility as for PFS for all regimens after 5
years.
The results are presented in Table 46 and Table 47 when sourcing the effectiveness data for salvage
chemotherapy from PIX301 and the CORAL extension study (12.5% rate of subsequent SCT)

25th July 2018
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Addendum to the ERG Report
Produced by

Centre for Reviews and Dissemination (CRD) and Centre for Health
Economics (CHE)

Date

13/08/18

Background
This addendum reports the results of additional analyses requested by the NICE technical team prior
to the first appraisal committee meeting for tisagenlecleucel for treating relapsed or refractory diffuse
large B-cell lymphoma. The addendum also includes updated ERG results tables which correct for an
error concerning how the cost and utility of long-term survivors had been programmed in the
company model. Given the error was identified at a late stage of the completing the ERG report, this
correction was only included in the ERG revised base-case analyses and the company’s revised basecase. This addendum provides the results for the additional ERG analyses including this correction.
Additional analyses requested by the NICE technical team
The NICE technical team requested estimates of the undiscounted mean overall (OS) predictions from
the company model and the ERG revised model. Table 1 summarises the results.

1

Table 1 Undiscounted mean OS predictions

Company'
base-case

Mean OS (months)*

Source of
effectiveness
data for salvage
chemotherapy

OS survival model for
tisagenlecleucel

Eyre 2016

Mixture-cure lognormal model
Mixture-cure lognormal model

PIX301

CORAL
(12.5% SCT
rate)
ERG
analyses
CORAL
(0% SCT rate)

One knot spline model +
population mortality (SMR=1.0)
after 5 years
One knot spline model +
population mortality (SMR=1.09)
after 2 years
Mixture-cure lognormal model
One knot spline model +
population mortality (SMR=1.0)
after 5 years
Mixture-cure lognormal model
One knot spline model +
population mortality (SMR=1.0)
after 5 years
One knot spline model +
population mortality (SMR=1.09)
after 2 years
Mixture-cure lognormal model

One knot spline model +
population mortality (SMR=1.0)
Eyre 2016
after 5 years
One knot spline model +
population mortality (SMR=1.09)
after 2 years
*
Undiscounted and accrued within the PartSA component of the model

Mean OS (Years)*

Tisagenlecleucel

Salvage
chemotherapy

Tisagenlecleucel

Salvage
chemotherapy

******

****

*****

****

******

****

*****

****

******

****

****

****

******

****

*****

****

******

*****

*****

****

******

*****

****

****

******

*****

*****

****

******

*****

****

****

******

*****

*****

****

******

****

*****

****

******

****

****

****

******

****

*****

****
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The NICE technical team also requested additional analyses based on the company’s clarifications
regarding the proposed positioning of tisagenlecleucel in a population that is ineligible for SCT. The
additional analyses replicate the ERG alternative base-case analysis presented in page 141-143 of the
ERG report using two alternative data sources for the effectiveness of salvage chemo therapy: (i) Eyre
2016 and (ii) CORAL extension study with 0% rate of subsequent stem cell transplant (SCT). All
other assumptions considered for the ERG alternative base-case analysis are applied to the additional
scenarios, as follows:
1. Age adjusted health state utilities as described in section 5.3.3;
2. Admission of 23.4% patients to ICU as per JULIET trial;
3. B-cell aplasia persisting during 3 years;
4. All patients receive tisagenlecleucel in an inpatient setting;
5. Rates of SCT for tisagenlecleucel based on the EAS population of the JULIET trial;
6. Discounted SCT long-term follow-up costs.
In addition, the NICE technical team requested that the analyses above described were also performed
applying an alternative survival model for tisagenlecleucel OS, namely the one knot spline model with
general population mortality (standardised mortality ratio [SMR] =1.09) after 2 years.
Results are presented in Table 2, Table 3, and Table 4 using data from the Eyre 2016, the CORAL
extension study and PIX301, respectively. Given time constraints and the complexities of adapting the
company’s model to use probabilistic estimates from additional sources of effectiveness data, all
results correspond to deterministic estimates.
Table 2 Cost-effectiveness results - ERG revised base-case with Eyre 2016 data for salvage chemotherapy

Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£49,025

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
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Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£60,477

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.09)
after 2 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

*******
*

****

****

£43,734

Table 3 Cost-effectiveness results - ERG revised base-case with CORAL extension studies data for
salvage chemotherapy (0% subsequent SCT)

Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£59,936

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£78,842

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.09)
after 2 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£53,890
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Table 4 Cost-effectiveness results - ERG revised base-case with PIX301 data for salvage chemotherapy*
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years

Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£49,964

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£62,345

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.09)
after 2 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
******* ****
****
******* ****
****
£45,020
Tisagenlecleucel
*
*
Salvage
chemotherapy

*******

****

****

*

The results of the two first scenarios presented on this table correspond to the analyses presented on Table
46 of the ERG report. These are repeated here to facilitate comparison with the third scenario which was
requested by the NICE lead team.

Updated ERG tables
On p129 of the ERG report, it was noted that “at a later stage of writing the report, the ERG
identified an error on how the cost and utility of long-term survivors had been programmed in the
company’s model. The error resulted from the time after which the cost and utility of long-term
survivors becomes the same as PFS being specified in terms of months (in model specification sheet),
but being applied in the model as if it was defined in terms of years. The implication of this is that the
cost and utility of long-term survivors was only equalised to PFS after 24 years in the company
analyses (whenever 24 months were specified), which penalised the cost-effectiveness of
tisagenlecleucel. Given that this error was only identified at a late stage, the majority of the ERG
analyses were not corrected for this.”
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The uncorrected ERG analyses were reported in Tables 37, 39, 40-44 and 51-54. The corrected results
for these tables are provided below.
Table 37 Cost-effectiveness results for company’s revised base-case assuming tisagenlecleucel patients
treated with salvage chemotherapy receive [R-]GDP
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£46,173

Table 39 Cost-effectiveness results - Survival approach for tisagenlecleucel and health state cost and
utility approach for all regimens
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Survival approach (tisagenlecleucel only): Mixture-cure lognormal model
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£46,836

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.09)
after 2 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£41,786

Survival approach (tisagenlecleucel only): One knot spline model + population mortality (SMR=1.0)
after 5 years
Health state cost and utility approach (all regimens): Same as PF for all regimens after 5 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£57,872

Survival approach (tisagenlecleucel only): One knot spline model over the time horizon
Health state cost and utility approach (all regimens): Same as PF for all regimens after 2 years
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Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£81,594

Table 40 Cost-effectiveness results for the alternative counterfactual population at different SCT rates
Intervention

Total
costs

Total
LYG

Total
QALYs

*******
*

****

****

*******

****

****

*******
*

****

****

*******

****

****

*******
*

****

****

*******

****

****

ICER

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

£58,871

*******
*

****

****

£62,107

*******
*

****

****

£65,811

*******
*

****

****

£70,084

*******
*

****

****

£75,059

*******
*

****

****

£80,916

(/QALY)

0% subsequent SCT
Tisagenlecleucel
Salvage
chemotherapy

5% subsequent SCT
Tisagenlecleucel
Salvage
chemotherapy

10% subsequent SCT
Tisagenlecleucel
Salvage
chemotherapy

15% subsequent SCT
Tisagenlecleucel

*******
*

****

****

Salvage
chemotherapy

*******

****

****

*******
*

****

****

*******

****

****

****

****

20% subsequent SCT
Tisagenlecleucel
Salvage
chemotherapy

25% subsequent SCT*
Tisagenlecleucel

*******
*

7

Salvage
chemotherapy

*******

****

****

Table 11 Cost-effectiveness results for ERG age adjusted health state utilities scenario
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£47,976

Table 42 Cost-effectiveness results for same duration of short-term AEs excluding CRS
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£46,215

Table 43 Summary of cost-effectiveness results for the ERG cost scenarios
Scenario

Incremental
costs

Incremental
QALYs

ICER

%
change
base-case
ICER

Company’s revised base-case corrected by the ERG

********

****

£46,173

0.00

1.a. ***** patients require
an ICU admission

***** patients

********

****

£46,202

0.06

1.b. 100% patients require
an ICU admission

admission

********

****

£47,436

2.74

2.a. B cell aplasia* duration

B cell aplasia**

********

****

£45,869

-0.66

= 1 year

duration = 11.4
********

****

£46,308

0.29

********

****

£46,713

1.17

2.b. B cell aplasia* duration

Base case

require an ICU

months

= 3 years
2.c. B cell aplasia* duration
= 5 years

8

2.d. B cell aplasia* duration
= 10 years
3.a. Outpatients incur an
hospital hostel cost

Administration of

********

****

£47,591

3.07

********

****

£46,221

0.10

********

****

£46,312

0.30

********

****

£46,216

0.09

********

****

£46,171

-0.004

tisagenlecleucel in
outpatient setting

3.b. 100% of patients
receive treatment as
inpatients

for **** of patients
without any hostel
costs

4. Rates of SCT for
tisagenlecleucel from
JULIET trial EAS

Rates of SCT for
tisagenlecleucel
from JULIET trial
FAS

5. Discounted SCT longterm costs

Undiscounted SCT
long-term costs

*

applied to patients in PFS, **applied to full model cohort
EAS, efficacy analysis set; FAS, full analysis set

Table 44 Cost-effectiveness results for scenario combining ERG referred cost assumptions
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£46,518

Table 51 Cost-effectiveness results for alternative proportions of patients requiring an ICU
Intervention

Total
costs

Total
LYG

Total
QALYs

ICER

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

£46,202

*******
*

****

****

£47,436

(/QALY)

23.4% of patients requiring an ICU stay
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

100% of patients requiring an ICU stay*
Tisagenlecleucel

*******
*

****

****
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Salvage
chemotherapy

*******

****

****

Table 52 Cost-effectiveness results for alternative durations of B-cell aplasia
Intervention

Total
costs

Total
LYG

Total
QALYs

*******
*

****

****

*******

****

****

ICER

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

£45,869

*******
*

****

****

£46,308

*******
*

****

****

£46,713

*******
*

****

****

£47,591

(/QALY)

B cell aplasia duration = 1 year
Tisagenlecleucel
Salvage
chemotherapy

B cell aplasia duration = 3 year*
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

B cell aplasia duration = 5 years*
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

B cell aplasia duration = 10 years
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

Table 53 Cost-effectiveness results for alternative assumptions on tisagenlecleucel administration
Intervention

Total
costs

Total
LYG

Total
QALYs

Inc costs

Inc LYG

Inc QALYs

ICER
(/QALY)

Tisagenlecleucel patients treated in outpatient setting incur an hospital hostel cost
Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£46,221

100% of tisagenlecleucel patients treated as inpatients
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Tisagenlecleucel
Salvage
chemotherapy

*******
*

****

****

*******

****

****

*******
*

****

****

£46,312

Table 54 Cost-effectiveness results assuming rates of SCT from the efficacy analysis set of JULIET
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£46,216

Table 55 Cost-effectiveness results for discounted long-term follow-up costs of SCT
Intervention

Total
costs

Total
LYG

Total
QALYs

Tisagenlecleucel

*******
*

****

****

*******

****

****

Salvage
chemotherapy

Inc costs

Inc LYG

Inc QALYs

*******
*

****

****

ICER
(/QALY)
£46,171

11

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE
Technical engagement document for clinical, patient and
commissioning experts and Novartis comment
Tisagenlecleucel-T for treating relapsed or refractory
diffuse large B-cell lymphoma [ID1166]

1.1. This document has been prepared by the NICE technical team.
1.2. NICE would like to engage with the company, clinical, patient and
commissioning experts to comment on key areas of uncertainty in this
appraisal.
The responses will be used by the technical team to inform the Appraisal
Committee in preparation for the appraisal committee meeting on 22 August
2018.
1.3. This document includes questions on key areas of uncertainty for your
feedback and comment. It is based on the key evidence and views submitted
by the company, nominated clinical and patient experts and the ERG.

Questions for your comment: Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma (DLBCL)
[ID1166]
Question 1: What DLBCL population is likely to receive tisagenlecleucel in clinical practice?
Questions for
engagement
Why this issue
is important

Background/
description of
issue




Is tisagenlecleucel-T appropriate specifically for a DLBCL population not eligible for stem cell transplant?
Should the data source used to model the comparator arm (salvage chemotherapy) reflect a population
not eligible for stem cell transplant?
The company have positioned tisagenlecleucel-T as a 3rd line or later treatment for people with DLBCL who
are not eligible for stem cell transplant. This is similar to the trial population in JULIET. The ERG report
highlights that in the broader population, some patients may be fit enough to receive a stem cell transplant after
tisagenlecleucel but note this is likely to be a small proportion. Using a data source for the comparator arm that
includes a population eligible for a stem cell transplant substantially increases the ICER for tisagenlecleucel.
In JULIET a small proportion received subsequent stem cell transplant for DLBCL. In studies of salvage
chemotherapy (Eyre 2016, PIX301, SCHOLAR-1 and CORAL extension studies) the rate of subsequent stem
cell transplant differs with higher proportions (approx. 30%) in SCHOLAR-1 and CORAL.

Question 2: What DLBCL treatments should be included as part of salvage chemotherapy?
Questions for
engagement

Why this issue
is important



Should more intensive chemotherapy regimens (for example ICE or IVE) be included as part of
salvage chemotherapy? Are these therapies only used in people who are fit enough for stem cell
transplant?
 In clinical practice, is there a preference to use gemcitabine with oxaliplatin (Gem-Ox) or gemcitabine,
with dexamethasone and cisplatin (GDP) with or without rituximab, or are they both used equally?
The company’s base case includes both Gem-Ox and GDP chemotherapies with or without rituximab. The
ERG provides cost effectiveness estimates for tisagenlecleucel compared with GDP with or without rituximab.
The evidence provided excludes other more intensive chemotherapies such as DHAP, ICE or IVE that were
included in NICE’s final scope.

Background/
description of
issue

The company’s submission excludes some chemotherapies that may be used as part of salvage
chemotherapy that are included in the NICE scope. The ERG suggest some of the more intensive
chemotherapies (for example ICE or IVE) may be used for patients who are fitter and may be eligible for stem
cell transplant.

Question 3: In clinical practice, how do mortality rates for long-term survivors compare with the general population?
Questions for
engagement





Why this issue
is important

Background/
description of
issue

Do long term survivors who receive tisagenlecleucel-T experience excess mortality when compared to
the general population?
What proportion of the cured patients (the cure fraction) have general population mortality?
How long after treatment would any excess mortality be expected to last for long term survivors?

The company suggest mixture cure models better reflects the plateau in the observed tisagenlecleucel-T
overall survival data. The ERG suggest that both models used in the company’s base case and scenario
analyses exclude the possibility of late relapses and the observed data is not mature enough to guarantee that
the survival plateau will be sustained. Any assumptions made from the clinical data are therefore subject to
uncertainty. The model assumption used for overall survival extrapolation has a large impact on the ICER for
tisagenlecleucel-T. In the company’s base case, it is assumed that people who survive after 2 years are ‘longterm survivors’ and do not experience any excess mortality. However, the ERG suggest 2 years is potentially
too short and use an alternative modelling approach and a time point of 5 years. Assuming mortality for ‘longterm survivors’ reverts back to the general population after 5 years and using an alternative model increases
the ICER for tisagenlecleucel-T.
The observed data from JULIET starts to show a tisagenlecleucel-T survival plateau but it is unclear whether
this will be sustained because there is no long-term survival data available. The cure fraction is the proportion
of the population who would have natural population mortality. In the company mixture cure model, two
subpopulations are modelled: one representing cured patients (the cure fraction) who are at the same risk of

death as the general population, and one representing non-cured patients, who are at a risk of death as defined
by the modelled survival curve and extrapolation. The company base a 2 year time point for ‘long-term
survivors’ on clinician feedback and one study from Maurer et al (2014). The ERG suggest there are several
other studies that suggest significant excess mortality may remain up until at least five years after diagnosis. In
particular the ERG note a large study on long-term outcomes of DLBCL survivors (Howlader et al (2017,
n=18,047) after rituximab that suggests that patients are at an elevated mortality risk from vascular disease,
infections, and blood diseases for at least 5 years after diagnosis.

Question 4: Other areas of uncertainty
Long term usage and
 What proportion of patients would you expect to still be affected by B-cell aplasia after 12
costs of IVIG treatment months following treatment with tisagenlecleucel-T?
real world experience
 Would these patients require continued IVIG treatment and for how long?
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Technical engagement response form
Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
Thank you for agreeing to give us your comments and feedback as part of the technical engagement step to assist us in identifying the most plausible
assumptions in the clinical and cost-effectiveness for this technology.
As a technical engagement stakeholder for this appraisal step, we highly appreciate your input, comment and ongoing support for this appraisal.
To help you give your views, please use this questionnaire. You do not have to answer every question. The text boxes will expand as you type. Please
read the checklist for submitting comments at the end of this form. We cannot accept forms that are not filled in correctly.
Information on completing this technical engagement response
 Prior to completing this response table please see the technical engagement document which summarises the background, and submitted
evidence for this appraisal. This will provide you with context and outline the questions below in greater detail for which we require your comments
and feedback.
 Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the submission
unreadable
 We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission you must have
copyright clearance for these articles. We can accept journal articles in NICE Docs.
Please note that comments from the technical engagement will be collated and summarised as part of the committee pre-meeting briefing document,
which will be made available to all stakeholders with a signed confidentiality agreement as part of the committee papers accompanying the post
committee documentation (ACD or FAD) following the meeting on 22 August 2018.
Deadline for comments 12pm Monday 13 August 2018 email: tacommc@nice.org.uk / NICE DOCS
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About you
Your name
Organisation name – Stakeholder or respondent
(if you are responding as an individual rather than a
registered stakeholder please leave blank)

xxxxxxxxxxxx
Novartis Pharmaceuticals UK Ltd
a representative from the company (Novartis)?
a clinical expert?
a commissioning expert?
a patient expert or organisation?
an NHS England representative?

Are you (please tick all that apply)
Disclosure
Please disclose any past or current, direct or indirect
links to, or funding from, the tobacco industry

None

Questions for engagement

Question 1: What DLBCL population is likely to receive tisagenlecleucel in clinical practice?
Is tisagenlecleucel-T appropriate specifically for a
DLBCL population not eligible for stem cell
transplant?

As clarified at the technical engagement meeting with NICE on Thursday 2nd August and in our
factual accuracy review of the ERG report, Novartis can confirm that tisagenlecleucel is intended
for r/r DLBCL patients who have had 2 or more previous lines of therapy and who are not eligible
for SCT, despite the licence being broader. This patient population is consistent with the value
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proposition described in the company submission which is based on the trial population included
in the pivotal JULIET study.
It is important to note that the criteria for patients to receive stem cell transplant (SCT) are different
from that expected for tisagenlecleucel in clinical practice, e.g. patients do not need to receive
high intensive induction and consolidation chemotherapy to be considered for tisagenlecleucel.
Therefore, patients not considered fit enough for SCT can be considered for tisagenlecleucel in
clinical practice.
As clarified at the technical engagement meeting with NICE on Thursday 2nd August and in our
factual accuracy review of the ERG report, tisagenlecleucel is being positioned as a treatment for
r/r DLBCL patients who have had 2 or more previous lines of therapy and who are not eligible for
SCT. Therefore, the evidence used for the comparators should reflect this patient population.

Should the data source used to model the
comparator arm (salvage chemotherapy) reflect a
population not eligible for stem cell transplant?

Consistent with the above, the study used to reflect comparator efficacy within the company
submission (Eyre 2016) included patients treated in the third- or later-line of therapy and no
subsequent SCT, which is consistent with a population that is ineligible for SCT.1 More
importantly, feedback from UK clinical experts was that the Eyre 2016 study, a UK retrospective
study, is representative of patients in the UK who receive treatment in the third- or later-line setting
to whom treatment is given with palliative intent (i.e. not with intent for SCT) (see Company
Submission; Section B1.3.2).
Therefore, Novartis, with input from UK clinical experts, considers that the Eyre 2016 study is the
most robust source of evidence to represent the comparator arm, given (a) the representativeness
to UK practice (b) the relevant population that would be eligible for tisagenlecleucel and (c)
resemblance to the population evaluated in the JULIET study.
Novartis acknowledges that in TA306 (pixantrone monotherapy for treating multiply relapsed or
refractory aggressive non-Hodgkin's B‐cell lymphoma), which considered a similar patient
population as is being considered here (i.e. third- or fourth-line), the PIX301 comparator arm was
accepted as being relevant to UK clinical practice and the opinion of clinical experts was that
treatment at the third- or fourth-line was not curative:2
“The Committee heard that a platinum-based regimen was offered as second-line treatment but
that there was no consensus on third- or fourth-line treatment. The Committee heard from the
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clinical specialists and the patient expert that the aim of treatment at this disease stage was to
reduce the impact of symptoms on quality of life, as well as extending life, and could include
chemotherapy or participating in clinical trials. The clinical specialists highlighted that fifth-line
options include palliative care or participating in clinical trials.”
“The Committee concluded that all of the comparators used in the treatment of physician's choice
arm in PIX301 were clinically relevant (although there was some uncertainty in the proportions in
PIX301 compared with clinical practice in England and Wales), and the comparator arm was
therefore acceptable for decision-making.”
Novartis would also like to note that in their report the ERG downgraded the relevance of the Eyre
2016 and PIX301 sources of data on the basis that they only relate to patients who are not eligible
for SCT. However, in UK clinical practice this is exactly the intended tisagenlecleucel population.
Based on this same misapprehension, the ERG considered the CORAL extension study to be a
better source of evidence for the comparator because it included patients eligible for SCT but as
explained, these patients will not be treated with tisagenlecleucel.
Whilst the CORAL study does report OS for patients who did not receive subsequent transplant,
there are several limitations of this study that deem it unsuitable as a source of comparator data:


Patients were selected for the initial CORAL study with the intent to treat for transplant;
patients who were not considered eligible for transplant at the second-line setting were
therefore excluded. This represents a considerable proportion of patients who would
subsequently be eligible for tisagenlecleucel;3 and



56/203 (27.6%) patients included in the CORAL extension study had achieved CR/PR and
so would not be considered to be relapsed or refractory to ≥2 prior systemic therapies4

As stated in the Novartis’ factual accuracy review of the ERG report, the diagram presented below
highlights the key differences between the population evaluated in the CORAL study and the
tisagenlecleucel eligible patient population:
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r/r DLBCL

50% eligible for
transplant

50% ineligible for transplant

Initial CORAL pool starts
here

Respond to chemo and
proceed to SCT

CORAL pool ignores this 50% of
r/r population who could
subsequently be eligible for
tisagenlecleucel

Don't respond to chemo ‐ dont
have SCT
CORAL extension population

Taken together, these limitations undermine the relevance of the CORAL extension study as a
robust source of data for the comparator arm and reaffirms the Eyre 2016 and PIX301 studies as
being more relevant to the current decision problem.
Question 2: What DLBCL treatments should be included as part of salvage chemotherapy?
Should more intensive chemotherapy regimens (for
example ICE or IVE) be included as part of salvage
chemotherapy? Are these therapies only used in
people who are fit enough for stem cell transplant?

Based on UK expert clinical feedback, treatment in the third- and later-line setting for patients
ineligible for SCT is largely palliative in nature and, therefore, the more intensive chemotherapy
regimens are less likely to be used in this setting. More intensive chemotherapy regimens are
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more likely to be used initially as induction therapy prior to SCT in the second-line setting for r/r
DLBCL patients.
Therefore, given the palliative nature of therapy given in the third- and later-line setting for SCT
ineligible patients, GDP and Gem-Ox are considered the most relevant salvage chemotherapy
comparators as these are less intensive/toxic salvage chemotherapy regimens. This is also
supported by the ESMO guidelines for the treatment of DLBCL, which recommend palliative care
and clinical trials for patients with more than 2 relapses who are ineligible for SCT, and state that
patients not suitable for high-dose therapy may be treated with the same or other salvage
regimens as R-Gem-Ox, thus highlighting the less toxic nature of this regimen.5
Finally, it is important to note that GDP is considered as effective as other salvage
chemotherapies, but less toxic. This is supported by both the ESMO guidelines and NICE
Guideline 52.5, 6 As such, the same efficacy data used for GDP and Gem-Ox would be applied to
IVE or ICE if these were included in the economic model. However, and as noted by the ERG, the
costs of these more intensive regimens are expected to be higher and so including these
therapies as comparators within the economic analysis would improve the cost-effectiveness of
tisagenlecleucel, all else being considered equal.
In clinical practice, is there a preference to use
gemcitabine with oxaliplatin (Gem-Ox) or
gemcitabine, with dexamethasone and cisplatin
(GDP) with or without rituximab, or are they both
used equally?


There is no clear consensus on chemotherapy regimens used post-2nd line with treatment for SCT
ineligible patients being provided primarily with palliative intent, as noted in TA306 (see response
to Question 1). Salvage chemotherapy that is used in third- and later-line settings will be
dependent on what patients have received in second-line (i.e. later regimens will be non-cross
resistant to those used in second-line).
As both regimens appear to be used in clinical practice (and are recommended in clinical
guidelines), comparisons were presented in the Company Submission versus both regimens.

Question 3: In clinical practice, how do mortality rates for long-term survivors compare with the general population?

Do long term survivors who receive tisagenlecleucel- The available evidence from the tisagenlecleucel DLBCL trials and further external sources
T experience excess mortality when compared to the (described below), supports the assumption that long-term survivors who receive tisagenlecleucel
would not experience significant excess mortality when compared to the general population.
general population?
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Therefore, this assumption was adopted within the base case economic analysis presented within
the Company Submission.
The base case economic analysis was based on a mixture cure model approach, which explicitly
assumes that a proportion of the population treated with the intervention can be considered to be
‘cured’ (the ‘cure fraction’). The cure fraction can be interpreted as a proportion of the population
who would only be subject to background mortality (i.e. natural mortality of the general
population). By using this approach, long-term survivors who receive tisagenlecleucel were
therefore assumed to not exhibit any excess mortality when compared to the general population.
The appropriateness of using the mixture cure model approach to model the existence of a
subpopulation of patients treated with tisagenlecleucel who are at the same risk of death as the
general population (i.e. a cure fraction) is supported by the data from the tisagenlecleucel DLBCL
trials and external sources, as detailed below:


Firstly, the OS data from the Schuster 2017 [NCT02030834] study, which provides survival
data from longer follow-up than the JULIET trial, suggests that treatment with tisagenlecleucel
is associated with sustained, long-term survival for a proportion of patients. This is
demonstrated by the emergence of a plateau in the survival curve of the pooled JULIET and
Schuster 2017 [NCT02030834] data. Such a plateau would represent a clear feature of the
hazard function over time and the standard parametric distributions may not accurately reflect
this expected survival profile. The expectation of a plateau in the OS profile with
tisagenlecleucel is consistent with the mechanism of action of tisagenlecleucel as a potentially
curative treatment option.



Secondly, the expectation of a plateau in OS is supported on a mechanistic level by the
observation of a clear levelling-off of the survival curve for PFS from the pooled JULIET and
Schuster 2017 [NCT02030834] data. Evidence from DLBCL patients treated in the first-line
setting suggests that patients who are still in remission (i.e. disease free) after 24 months have
OS that is not statistically different to the general population.7 Based on clinician feedback, it
may be assumed that patients who achieve sustained remission for two years at later lines of
therapy would also have survival similar to the general population.8 The plateau in the PFS
survival curve from the pooled JULIET and Schuster 2017 [NCT02030834] data, which
extends beyond 24 months, therefore supports the expectation of a similar plateau in OS and
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the attainment of long-term survival similar to the general population for a proportion of
patients treated with tisagenlecleucel. Novartis would also like to point out that, as discussed
at the technical engagement meeting with NICE on Thursday 2nd August, the latest data cut-off
data available from the JULIET trial (Main Cohort followed for at least xxxxxxxxx or
discontinued early) supports the above-mentioned assumptions.


What proportion of the cured patients (the cure
fraction) have general population mortality?

Thirdly, evidence suggests that a characteristic of the condition (r/r DLBCL) is that people alive
after a certain point, would experience the same mortality as general population (irrespective
of intervention). In the US ICER report, general population mortality after two years was
assumed for people treated with CAR-T.9

As described above, the mixture cure model approach adopted within the base case economic
analysis explicitly assumes that a proportion of patients are assumed to be ‘cured’ (the cure
fraction) and exhibit general population mortality.
The lognormal mixture cure model provided the best statistical fit to the observed data in terms of
AIC and BIC and predicted a cure rate of xxxx% for OS and was therefore selected for the base
case analysis in the company submission.
Based on data from the tisagenlecleucel DLBCL trials and further external sources, it is assumed,
as part of a scenario analysis in the Company Submission, that any excess mortality following
treatment with tisagenlecleucel would only be expected to last for 2 years (24 months).

How long after treatment would any excess mortality
be expected to last for long term survivors?

This assumption is in line with the assumption used in the US ICER report. As highlighted in the
factual accuracy pro forma response to the ERG report, on page 64 of the final US ICER evidence
report, it is stated that a knot was added when the slope of the Kaplan-Meier curve flattens. On
page 127 of the final evidence report, it is stated that the exact time point when the knot was
introduced for axicabtagene ciloleucel was month 24, i.e., general population mortality was
considered starting from month 24, when the observed Kaplan-Meier curve starts to flatten. The
latter was confirmed following direct contact with the authors of the US ICER report.
The use of the 24-month timepoint in this scenario is also supported by the evidence presented by
Maurer et al. (2014), which showed that patients with DLBCL who achieve disease-free survival
for 24 months after receiving first-line therapy have a subsequent OS similar to that of the ageand sex-matched general population (full details below).7 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx suggesting
that the use of the 24-month timepoint as an assumed ‘cure’ point would not be unreasonable.
Furthermore, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx and xxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxx. The assumption in the model that tisagenlecleucel patients alive at 24 months would
have mortality similar to the general population, in accordance with Maurer et al. (2014), would be
consistent with the observations from the pooled JULIET and Schuster 2017 (NCT02030834)
data, as the majority of these patients are (and continue to be) progression-free at 24 months.7
Novartis would also like to point out that, as discussed at the technical engagement meeting with
NICE on Thursday 2nd August, the latest data cut-off data available from the JULIET trial (Main
Cohort followed for at least xxxxxxxxx or discontinued early) supports the above-mentioned
assumptions.
In Maurer et al. (2014), standardised mortality rates (SMR) for patients with event-free survival at
24 months versus the age- and gender-matched general population were calculated using a
cohort of American patients (N=767; 71% event-free at 24 months) and also a cohort of French
patients (N=820; 73% event-free at 24 months).7 In both cohorts, the SMR was not significant but
did tend to be higher than one (US cohort SMR: 1.18; 95% CI: 0.89, 1.57; p=0.25; French cohort
SMR: 1.09; 95% CI: 0.69, 1.74).7 In these scenario analyses, the mortality rate applied to patients
who were alive at 24 months was based on England and Wales life tables (2014–2016; adjusted
for age and gender), adjusted by an SMR of 1.09 or 1.18 from the two cohorts in Maurer et al.
(2014).7, 10 A scenario analysis was also conducted assuming an SMR of 1 based on the finding
from both cohorts in Maurer et al. (2014) that survival for DLBCL patients who are event-free at 24
months is not significantly different to the general population.7
In the ERG report, the ERG justified their approach to extrapolate data from JULIET for 5 years
followed by general mortality based on (a) the assumption made in the US ICER report and (b) the
Howlader study.
As previously highlighted, the US ICER report is more consistent with the approach taken by
Novartis in the scenario analysis (assuming general mortality after 2 years).
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Furthermore, it is misleading to say that the Howlader 2017 study suggested that data from
JULIET should be extrapolated for 5 years followed by general population mortality. There
appears to be a misapprehension between extrapolation and excess mortality.


First, whilst the Howlader 2017 study indicates that patients with DLBCL are at greater risk
of death from non-cancer causes for the first 5 years, this doesn’t provide any evidence or
support the view that the hazard from JULIET should be extrapolated for 5 years and that
patients follow general mortality thereafter.11 The study estimated the excess mortality from
diagnosis, not from administration of third-line treatment. Therefore, it is unclear how the
conclusions of this study would relate to the population of interest in this appraisal (i.e., r/r
DLBCL patients who received two or more previous lines of treatment).



It is also clear from Figure 2 of the Howlader study that the hazard of death is high for the
first two years, followed by a lower hazard close to the general population. This therefore
suggest that after 2 years the hazard of death changes to become closer to the general
population.
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DLBCL‐specific survival overall and among patients with known chemotherapy use for
patients surviving 2 years after their diagnosis.

Taken from Howlader et al. (2017) – Figure 2. Cancer‐specific mortality, cure fraction, and noncancer causes of death
among diffuse large B‐cell lymphoma patients in the immunochemotherapy era, Volume: 123, Issue: 17, Pages: 33263334, First published: 02 May 2017, DOI: (10.1002/cncr.30739)
DLBCL‐specific survival curves are shown for (A) all patients and (B) those treated with chemotherapy. The black, solid
line in each panel represents unconditional survival, whereas the black, dashed line represents survival after the DLBCL
diagnosis conditional on a patient being alive at 2 years, as indicated by the vertical line. DLBCL indicates diffuse large
B‐cell lymphoma.

Therefore, despite its limitations, the Howlader 2017 study is further supportive of assuming
general mortality after 2 years.
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Based on the above it is reasonable to assume that 2 years is a reasonable timepoint at which a
“cure” could be assumed. However, it is important to note that the mixture-cure model that was
used as the base case in the Company Submission avoids the need to define a “cure” timepoint
and was seen to provide a reasonable fit to the observed data and the emerging plateau from the
pooled JULIET and Schuster 2017 (NCT02030834) analysis (see Company Submission; Section
B.3.3.2).
This is in contrast with the approach used in the scenario analyses presented in the Company
Submission and utilised in the ERG report, which is based on the use of ‘cure’ timepoint to
artificially adjust the survival profile for tisagenlecleucel. Furthermore, this approach utilises the
one-spline model for the initial extrapolation of survival data (up to Month 24 or 60), which was
shown not to fit well to the tail of the observed data. The mixture-cure model is therefore
considered to be a more robust way to model survival with tisagenlecleucel, and most closely fits
the observed data and the expectation of long-term survival for a proportion of patients treated
with tisagenlecleucel.


Question 4: Other areas of uncertainty

What proportion of patients would you expect to still
be affected by B-cell aplasia after 12 months
following treatment with tisagenlecleucel-T?

Would these patients require continued IVIG
treatment and for how long?

There were xx patients in the safety set of JULIET trial with >12 months follow-up posttisagenlecleucel infusion, xxx% of whom had hypogammaglobulinaemia. The available data
therefore shows that only a very small proportion of patients would be expected to have B-cell
aplasia that persists beyond 1-year post infusion.
Of the approximate x% of patients with B-cell aplasia persisting longer than 12 months, feedback
from numerous UK clinicians has indicated a consensus that in adult patients, IVIG replacement
would only be given to a minority of these. IVIG replacement in adults is only given to patients with
hypogammaglobulinaemia that also have either recurrent or severe infections. This is estimated to
be approximately 20% of patients with hypogammaglobulinaemia – therefore the IVIG
replacement is expected to be a requirement in less than 1% of infused patients.
UK clinical expert feedback was that the duration of IVIG treatment in r/r DLBCL patients who
would be eligible for treatment with tisagenlecleucel would typically be 6 months, so the estimate
of 11.4 months used in the base case of the company submission is already considered to be
conservative.
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Thank you for your time.
Please log in to your NICE Docs account to upload your completed response form
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Appendix
Re: Tisagenlecleucel for treating relapsed or refractory diffuse large B-cell
lymphoma [ID1166] – updated data cut-off from the JULIET clinical trial

Latest data cut-off from the JULIET clinical trial (21st May 2018)
The latest data cut from JULIET (21st May 2018) is the second presented to the Committee,
following the 8th December 2017 data cut-off that was presented in the initial company
submission. At the time of the 21st May 2018 data cut-off, the first 81 patients in the Main
Cohort from the primary analysis had been followed for at least xxxxxxxxx or discontinued
earlier, compared to xxxxxxxxx in the 8th December cut-off date.
As of the latest data cut-off date (21st May 2018), xxxxpatients with relapsed or refractory DLBCL
have been screened, and xxx patients have been enrolled in the JULIET study. Since the last
data cut-off, xxxxx patients (all patients from Japan) have been treated from the Main Cohort.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. A total of xxx patients had therefore
received an infusion with tisagenlecleucel at the time of the 21st May 2018 data cut-off
date.xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. All xxx infused patients had been followed for at
least 3 months or discontinued earlier.
Summary of the clinical effectiveness results
The results from the latest data cut-off date are consistent with those from the data cut-off
presented within the company submission. These data highlight the robustness of the data
presented initially, and continue to support the clinical benefits of tisagenlecleucel in adult
patients with r/r DLBCL and the assumptions upon which the economic analysis within the
company submission were based. Specifically, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, thus supporting
the expectation of a plateau in progression-free survival through 24 months, as seen in the
pooled analysis of the JULIET and Schuster 2017 (NCT02030834) data. The latest data from
the JULIET also reinforce the continued benefits of tisagenlecleucel in terms of overall survival.
A summary of clinical effectiveness results from the latest data cut-off (21st May 2018)
compared to that presented in the company submission (8th Dec 2017) is presented below in
Table 1. Kaplan-Meier plots for progression-free survival and overall survival are also
presented for both data cut-off dates.
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Table 1: Overview of clinical effectiveness results from the JULIET clinical trial
JULIET 8th Dec 2018
JULIET 21st May 2018
n (%)
(N=93)
(N=xx)
Primary efficacy results
BOR
ORR (CR+PR) (95% CI; p value)
CR
PR
SD
PD
NR/Unknownd
Secondary efficacy results
DOR
% relapse free at 12 months (95% CI)
Median (months) (95% CI)
PFS (censoring for HSCT) by IRC
% at 12 months (95% CI)
% at 24 months (95% CI)
Median (months) (95% CI)
OS
% at 12 months (95% CI)
% at 24 months (95% CI)
Median (months) (95% CI)

48 (51.6) [41.0, 62.1;
<0.0001a]
37 (39.8)
11 (11.8)
xxxxxxxxx
xxxxxxxxx
xxxxxxx

xxxxxxxxx
xxxxxxxxxxx
xxxxxxxxx
xxxxxxxxx
xxxxxxxxx
xxxxxxxxx
xxxxxxx

65.1 xxxxxxxxxxxx
xxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx
11.7 (6.6, NE)

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxx

a The

p-value is displayed as a descriptive statistic only, with no inferential interpretation (since the null hypothesis of
ORR <20% was already rejected with p<0.0001 at the previous interim analysis). The 95% CIs were exact ClopperPearson CIs.
Abbreviations: BOR: best overall disease response; CI: confidence interval; CR: complete response; DOR: duration
of response; HSCT: haematopoietic allogeneic stem cell transplantation; IRC: independent review committee; NE:
non-estimable; ORR: overall response rate; OS: overall survival; PD: progressive disease; PFS: progression-free
survival; PR: partial response; SD: stable disease.
Source: JULIET (8th Dec 2018) and JULIET (21st May 2018). Novartis Data on File.
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Progression-free survival (PFS)
Figure 1: Kaplan-Meier plot of progression-free survival without censoring for SCT by IRC
assessment (Full Analysis Set) – 8th December 2017 data cut-off

Abbreviations: IRC: independent review committee; PFS: progression-free survival; SCT: stem cell transplantation.

Figure 2. Kaplan-Meier plot of progression-free survival censoring HSCT by IRC assessment
(Full analysis set) – 21st May 2018 data cut-off

Abbreviations: HSCT: haematopoietic allogeneic stem cell transplantation; CI: confidence interval; PFS: progressionfree survival; IRC: Independent Review Committee.
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Overall survival (OS)
Figure 3: Kaplan-Meier plot of overall survival (Full Analysis Set) – 8th December 2017 data
cut-off

Abbreviations: CI: confidence intervals; NE: not estimable.

Figure 4: Kaplan-Meier plot of overall survival (Full analysis set) – 21st May 2018 data cut-off

Abbreviations: CI: confidence interval; OS: overall survival.
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Thank you for agreeing to give us your comments and feedback as part of the technical engagement step to assist us in identifying the most plausible
assumptions in the clinical and cost-effectiveness for this technology.
As a technical engagement stakeholder for this appraisal step, we highly appreciate your input, comment and ongoing support for this appraisal.
To help you give your views, please use this questionnaire. You do not have to answer every question. The text boxes will expand as you type. Please
read the checklist for submitting comments at the end of this form. We cannot accept forms that are not filled in correctly.
Information on completing this technical engagement response
 Prior to completing this response table please see the technical engagement document which summarises the background, and submitted
evidence for this appraisal. This will provide you with context and outline the questions below in greater detail for which we require your comments
and feedback.
 Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the submission
unreadable
 We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission you must have
copyright clearance for these articles. We can accept journal articles in NICE Docs.
Please note that comments from the technical engagement will be collated and summarised as part of the committee pre-meeting briefing document,
which will be made available to all stakeholders with a signed confidentiality agreement as part of the committee papers accompanying the post
committee documentation (ACD or FAD) following the meeting on 22 August 2018.
Deadline for comments 12pm Monday 13 August 2018 email: tacommc@nice.org.uk / NICE DOCS
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About you
Your name
Organisation name – Stakeholder or respondent
(if you are responding as an individual rather than a
registered stakeholder please leave blank)
Are you (please tick all that apply)

Prof Peter Clark
NHS England

x
x

Disclosure
Please disclose any past or current, direct or indirect
links to, or funding from, the tobacco industry

a representative from the company (Novartis)?
a clinical expert?
a commissioning expert?
a patient expert or organisation?
an NHS England representative?

None

Questions for engagement

Question 1: What DLBCL population is likely to receive tisagenlecleucel in clinical practice?
Tisagenlecleucel (T-L) is a CD19-directed genetically modified autologous T cell immunotherapy
indicated for the treatment of adult patients with relapsed or refractory diffuse large B-cell nonHodgkin lymphoma (DLBCL) after two or more lines of systemic therapy.
Is tisagenlecleucel-T appropriate specifically for a
DLBCL population not eligible for stem cell
transplant?

There is no mention in the CHMP MA recommendation of patient eligibility or non-eligibility for
stem cell transplantation.
Chemo-immunotherapy remains the cornerstone of 1st line treatment for patients with DLBCL. If
patients are to receive optimal therapy, they have to be medically fit to receive combination
chemotherapy (cyclophosphamide, vincristine, doxorubicin and prednisolone) given in conjunction
with rituximab. Such patients have a 70-80% chance of remaining free of disease progression.
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Patients who relapse do so within the first 2 years after completing treatment and, if fit for optimal
(but toxic) chemo-immunotherapy, have a low chance of remaining free of disease progression if
just treated with conventional doses of chemotherapy. Patients who respond to 2nd line
chemotherapy and who are sufficiently medically fit enough will usually be offered high dose
chemotherapy and haemopoietic stem cell transplantation (SCT), usually autologous SCT. Such
consolidation of a response to 2nd line chemotherapy with SCT is considered to be part of 2nd line
chemotherapy.
If patients are not salvaged by 2nd line chemotherapy with or without SCT, life expectancy for most
patients is short and usually measured in terms of single numbers of months. This is because
many of such patients have a poor performance status and thus any chemotherapy is given with
solely palliative intent. A minority of patients retain their fitness and thus receive more intensive
chemotherapy. Some gain significant responses to chemotherapy and thus a small percentage is
able to proceed to high dose chemotherapy and SCT (autologous or allogeneic).
The key interpretation of the likely marketing authorisation when directed to clinical practice is
whether ‘relapsed and refractory’ applies to the ‘2’ lines of therapy. NHS England’s interpretation
is that patients whether relapsed after or refractory to 1st line treatment must have failed standard
2nd line therapy ie if a SCT was planned in the current treatment pathway and patients respond
sufficiently, then those patients should proceed to SCT as currently commissioned and not to CAR
T cell therapy.
The other key factor is that patients must be fit to receive T-L. The treatment has important and
potentially severe toxicities and thus patients must be fit for such treatment. Expert opinion to NHS
England is very clear that the fitness required for consideration of CAR T cell therapy is similar to
that required for consideration of a potential SCT.

Should the data source used to model the
comparator arm (salvage chemotherapy) reflect a
population not eligible for stem cell transplant?

No. See above.
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Question 2: What DLBCL treatments should be included as part of salvage chemotherapy?
Standard second line therapy would include regimes known as DHAP (cisplatin, cytarabine and
dexamethasone ± rituximab), ESHAP (etoposide, methylprednisolone, cytarabine and cisplatin ±
rituximab), GDP (gemcitabine, cisplatin and dexamethasone ± rituximab), ICE (ifosfamide,
cisplatin/carboplatin, etoposide ± rituximab) and IVE (ifosfamide, epirubicin, etoposide ±
rituximab).Responding and fit patients would then proceed to SCT.

Should more intensive chemotherapy regimens (for
example ICE or IVE) be included as part of salvage
chemotherapy? Are these therapies only used in
people who are fit enough for stem cell transplant?

The comparator for T-L would therefore be what would be used in fit patients that have failed
DHAP/ESHAP/GDP/ICE/IVE ± rituximab or responded to such 2nd line standard therapy and then
relapsed after subsequent SCT. Such 3rd line therapies in these fit patients would be one of the
second line regimens as described above if a response might lead to SCT. In less fit patients or in
patients with a contraindication to a potential SCT, gemcitabine plus methyl prednisolone ±
cisplatin, gemcitabine plus oxaliplatin, the combination of gemcitabine, cyclophosphamide,
vincristine and prednisolone and (less so) the combination of rituximab, vinblastine and
prednisolone are used with solely palliative intent. There is no 3rd line standard therapy for more
intensive treatment or for less intensive therapy as no single regimen in either setting is superior
to the others. Other options would be clinical trials of novel therapies and symptomatic therapy.
Since only patients of ECOG performance status (0 or 1) would be considered for CAR T cell
therapy, such fit patients in the NHS would normally be offered further more intensive
chemotherapy with the possible outcome of a stem cell transplant (10-15% of such 3rd line
treatment patients in the NHS receive a SCT). Pixantrone is not a comparator as it is rarely used
in NHS clinical practice on account of its poor efficacy.
Novartis in their submission has assumed that patients will be ineligible for SCT. NHS England
considers that all patients commence 3rd line chemotherapy as then being ineligible for SCT as
they then have progressive disease. Patients only become eligible for SCT if they respond
sufficiently well. In summary, fit patients commence 3rd line intensive regimens and if they
respond, they then proceed to SCT. This is the group against which CAR T cell therapy should be
compared as it is this group that also have the fitness for CAR T cell therapy. Less fit patients
commence less intensive 3rd line chemotherapy with solely palliative intent as they do not have
the fitness for SCT and thus would also not have the fitness for CAR T cell therapy. If Novartis
wish T-L to be positioned in patients who are not fit for SCT, then Novartis must state what the
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contra-indications to SCT might be in patients of good performance status and then provide
evidence of T-L in these patients from their phase 2 studies.
NHS England notes that the NICE scope for this appraisal included the more intensive
chemotherapy regimens (DHAP, GDP, ICE, IVE) in its scope for this appraisal.

In clinical practice, is there a preference to use
gemcitabine with oxaliplatin (Gem-Ox) or
gemcitabine, with dexamethasone and cisplatin
(GDP) with or without rituximab, or are they both
used equally?

Gem-Ox is used solely with palliative intent. This is not the right comparator. See above.
GDP requires patients to be reasonably fit and is a reasonable comparator but the issue is that
there will be a definite SCT rate (10-15%) which in turn will provide long term salvage and survival
(6-8%).

Question 3: In clinical practice, how do mortality rates for long-term survivors compare with the general population?

Do long term survivors who receive tisagenlecleucelT experience excess mortality when compared to the
general population?

What proportion of the cured patients (the cure
fraction) have general population mortality?
How long after treatment would any excess mortality
be expected to last for long term survivors?

NHS England notes that in its economic model Novartis assumes that T-L survivors at 2 years
revert to the same costs as the PFS state. This is inappropriate given the longer term morbidity of
the chemotherapy that such patients have received in the past, especially those treated with SCT.
There are long term risks of 2nd cancers, infections, cognitive impairment and both vascular and
heart risks which are likely to last for very many years, potentially a lifetime.
Such risks are documented in the literature.

See above
See above

Question 4: Other areas of uncertainty
What proportion of patients would you expect to still
be affected by B-cell aplasia after 12 months
following treatment with tisagenlecleucel-T?

B-cell ablation is a pharmacodynamic measure of successful treatment with CAR-T cell products
directed against leukaemias and lymphomas of B-cell origin. Loss of circulating B-cells and
consequent drastic falls in serum immunoglobulin (Ig) levels, also known as
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agammaglobulinaemia, is a predictable on-target off-tumour effect of both CAR-T cell products in
current NICE appraisals – axicabtagene ciloleucel and tisagenlecleucel.
The pivotal study on tisagenlecleucel in children and young adults with refractory acute
lymphoblastic leukaemia (Maude et al. New Eng J Med 2018;378:439-48) showed that all patients
responding to CAR-T cells developed B-cell aplasia and most of these 75 patients (exact number
not specified) received IVIg. 81% were in remission at 3 months and the probability of
maintenance of B-cell aplasia at 6 months post CAR-T treatment was 83%.
For T-L it is important to note that the study population in this appraisal comprised patients with
relapsed/refractory B-cell lymphoma. This is a population where a high proportion of patients will
already have low immunoglobulins due to a combination of their disease and previous rituximabbased chemotherapy. Again, those patients responding to CAR-T cells will invariably develop
agammaglobulinaemia which may well be arguably worse because of pre-existing low
immunoglobulins.
It would be expected that all complete responders (40% with T-L in DLBCL) and some partial
responders (12% in the T-Lin DLBCL) would have low serum immunoglobulins, this conclusion
being based on the mechanism of action of this product.
From the point of view of a clinician looking after these highly immunosuppressed patients who all
undergo conditioning chemotherapy prior to CAR-T cell treatment, there is bound to be
considerable anxiety associated with merely observing a patient with no circulating B cells and Ig,
as opposed to intervening with prophylactic Ig. Until there is solid longitudinal data on the infection
risks associated with CAR-T cell associated agammaglobulinaemia, there is bound to be great
and clinically justifiable pressure to use prophylactic Ig.
Whilst it is not expected that every patient who receives a B-cell directed CAR-T cell treatment will
require IVIg, it is predicted that the majority of responders to CAR-T cells will do so (the overall
response rate to T-L was 52%). For the purposes of costing IVIg requirements, the company
should provide data on the proportion of patients who developed B-cell aplasia and low Igs as a
consequence of CAR-T cell therapy. A pragmatic estimate that up to 50% of responders will
require IVIg (until B cell aplasia recovers) for a period of 12-24 months would not be
unreasonable.
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As regards route of delivery, both IVIg and SCIg would be equally efficacious. Given that CAR-T
cell therapy will be limited to major haematology centres, it is expected that the majority of those
patients requiring Ig will be able to undergo training for home administration. Provision of Ig is
difficult and one of the suppliers of SCIg is no longer providing access to new patients.
IVIg and SCIg are costly interventions and thus could have a significant impact on the mean cost
of the supportive care that has to be wrapped around each patient who responds to T-L.
Would these patients require continued IVIG
treatment and for how long?

See above

Thank you for your time.
Please log in to your NICE Docs account to upload your completed response form
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Technical engagement response form
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
Thank you for agreeing to give us your comments and feedback as part of the technical engagement step to assist us in identifying the most plausible
assumptions in the clinical and cost-effectiveness for this technology.
As a technical engagement stakeholder for this appraisal step, we highly appreciate your input, comment and ongoing support for this appraisal.
To help you give your views, please use this questionnaire. You do not have to answer every question. The text boxes will expand as you type. Please
read the checklist for submitting comments at the end of this form. We cannot accept forms that are not filled in correctly.
Information on completing this technical engagement response
 Prior to completing this response table please see the technical engagement document which summarises the background, and submitted
evidence for this appraisal. This will provide you with context and outline the questions below in greater detail for which we require your comments
and feedback.
 Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the submission
unreadable
 We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission you must have
copyright clearance for these articles. We can accept journal articles in NICE Docs.
Please note that comments from the technical engagement will be collated and summarised as part of the committee pre-meeting briefing document,
which will be made available to all stakeholders with a signed confidentiality agreement as part of the committee papers accompanying the post
committee documentation (ACD or FAD) following the meeting on 22 August 2018.
Deadline for comments 12pm Monday 13 August 2018 email: tacommc@nice.org.uk / NICE DOCS

Technical engagement response form
Tisagenlecleucel-T for treating relapsed or refractory diffuse large B-cell lymphoma [ID1166]
Issue Date: August 2018

1 of 6

About you
Your name
Organisation name – Stakeholder or respondent
(if you are responding as an individual rather than a
registered stakeholder please leave blank)

Dr Kate Cwynarski
NCRI Lymphoma Clinical Studies Group
a representative from the company (Novartis)?
a clinical expert?
a commissioning expert?
a patient expert or organisation?
an NHS England representative?
I am providing an expert opinion on behalf of the Clinical Studies Groups (CSGs), which sits
within the NCRI Clinical Research Groups (CRG) Team and represents a central component of the
framework for cancer research in the UK, providing the primary, but not sole, route through which
new ideas for clinical trials are developed. The CSGs are funded by a consortium of NCRI partners.
The Lymphoma CSG members include Lymphoma Haem-oncologists, clinical oncologists,
radiologists, nuclear medicine physicians, histopathologists and consumer representatives.
Y

Are you (please tick all that apply)

Disclosure
Please disclose any past or current, direct or indirect
links to, or funding from, the tobacco industry

I also submit this report as a Lymphoma specialist working at UCLH where we manage a large
cohort of patients with DLBCL.
I have received funding to attend conferences and educational information to KITE, Gilead,
Roche, Jannseen.
I have had no past or current, direct or indirect links to, or funding from, the tobacco industry.

Questions for engagement

Question 1: What DLBCL population is likely to receive tisagenlecleucel in clinical practice?
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Patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) (and transformed high
grade FL) after 2 (ie >3rd line) or more lines of therapy and who are ineligible for autologous stem
cell transplantation (defined as autologous stem cell transplant failing, or not being eligible to
autologous stem cell transplant) are likely to receive tisagenlecleucel in clinical practice

Is tisagenlecleucel-T appropriate specifically for a
DLBCL population not eligible for stem cell
transplant?

However the potential side effects from CAR-T cell therapy mean that suitable patients still need
an appropriate level of fitness (PS 0-1) and ability to cope with CRS or neurotoxicity (ie adequate
organ function). Thus patients would be expected to have a similar level of fitness to those
undergoing autologous stem cell transplant. Thus if patients have not undergone an autologous
stem cell transplant previously but have an appropriate level of fitness - they would be considered
ineligible for autologous stem cell transplant if chemo-refractory disease (ie autologous stem cell
transplant is not effective in this setting).
Some patients may be fit enough to receive a stem cell transplant after tisagenlecleucel but it’s
unclear whether such a (or any further) treatment modality is indicated if CAR-T cell therapy is
curative.
‘A population ineligible for a stem cell transplant’ may change as disease response to
chemotherapy is a factor, as is level of fitness (similar fitness required for both treatment
modalities: autologous stem cell transplant and CAR-T cell therapy, although patients undergoing
CAR-T cell therapy may be older (70s etc).
Patients who have relapsed after an autologous stem cell transplant would be candidates CAR-T
cell therapy if an appropriate level of fitness (PS 0-1) and ability to cope with CRS or neurotoxicity
(ie adequate organ function).

Should the data source used to model the
comparator arm (salvage chemotherapy) reflect a
population not eligible for stem cell transplant?

Patients who undergo salvage (2nd line therapy) chemotherapy and have chemosensitive disease
(complete metabolic remission on PET scan after salvage) normally proceed to autologous stem
cell transplant.
If no response to salvage (2nd line therapy) patients typically proceed to 3rd line therapy (IVE etc)
presently but efficacy is low (if refractory DLBCL or early relapse). If they have chemosensitive
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disease (complete metabolic remission on PET scan after salvage) they would normally proceed
to autologous stem cell transplant.
Thus if patients have not undergone an autologous stem cell transplant previously but have an
appropriate level of fitness - they would be considered ineligible for autologous stem cell
transplant if chemo-refractory disease (ie autologous stem cell transplant is not effective in this
setting).
Question 2: What DLBCL treatments should be included as part of salvage chemotherapy?

Should more intensive chemotherapy regimens (for
example ICE or IVE) be included as part of salvage
chemotherapy? Are these therapies only used in
people who are fit enough for stem cell transplant?

Patients with diffuse large B-cell lymphoma (DLBCL) which is refractory to R-CHOP or relapses
early (< 1 year) after R-CHOP have a poor response to R-GDP (1st line salvage = 2nd line
therapy). If patients are refractory to R-GDP (1st line salvage = 2nd line therapy) there is an even
smaller chance/likelihood that IVE/ICE (3rd line therapy) will work. Such therapies are not used
solely in patients fit enough for stem cell transplant but almost exclusively so – as they are used
prior to planned consolidation with autologous stem cell transplant (performed if chemosensitivity
confirmed).
Patients should have a similar level of fitness to be able to tolerate ICE/IVE or CAR-T cell therapy
as sufficient fitness and organ function is required for both treatment modalities.

In clinical practice, is there a preference to use
gemcitabine with oxaliplatin (Gem-Ox) or
gemcitabine, with dexamethasone and cisplatin
(GDP) with or without rituximab, or are they both
used equally?

GDP is standard 1st line salvage (ie 2nd line therapy) in many centres (Crump et al, 2014). Usually
(but not exclusively) Gem-Ox is used for older/less fit patients although in some centers this is
their standard 2nd line therapy as practice differs in some centres.
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Question 3: In clinical practice, how do mortality rates for long-term survivors compare with the general population?
There are scant data on the outcome of patients who have received tisagenlecleucel-T > 1 year
ago so it’s difficult to answer this.

Do long term survivors who receive tisagenlecleucelT experience excess mortality when compared to the
general population?

Patients may experience excess mortality when compared to the general population because they
have been intensively treated (chemotherapy +/- autologous stem cell transplant) prior to such
therapy. Most patients will have received anthracycline containing chemotherapy so
cardiomyopathy (as seen post R-CHOP over subsequent decades) as well as renal insufficiency
(after salvage chemotherapy) occur at higher incidence in this treatment group.
They may also have long term sequelae from adverse events experienced secondary to CAR-T
cell therapy.
Relapse of DLBCL are usually (>90%) seen within 2 years of therapy after autologous stem cell
transplant.

What proportion of the cured patients (the cure
fraction) have general population mortality?

See above

How long after treatment would any excess mortality
be expected to last for long term survivors?

Unknown – but may be 2 years re. risk of disease relapse, with only a very small risk of later
relapses expected, although this is a presumption based on data from series of patients
undergoing autologous stem cell transplants. As observed above other side effects related to prior
therapy may be associated with excess mortality

Question 4: Other areas of uncertainty

What proportion of patients would you expect to still
be affected by B-cell aplasia after 12 months
following treatment with tisagenlecleucel-T?

An unknown presently as data are scant. The data presented at meetings and conferences and
posters have described this to be approximately 20%
The ZUMA-1 publication (Neelapu et al, NEJM 2017) didn't report their B cell aplasia rates which
was noted in a letter to the NEJM - the authors replied to say that 49/81 of their patients had no
detected B cells at study entry and so their results would be confounded.
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The Novartis Schuster et al (NEJM 2017) study of 28 patients with B cell lymphoma found
"Transient B-cell depletion occurred after CTL019 cells were infused in all 16 patients who had a
complete response. Polyclonal B-cell recovery was sustained in 8 of 16 patients (50%) during
continuous complete response. The median time to onset of sustained B-cell recovery was 6.7
months (range, 0.3 to 12) for these 8 patients. Transient B-cell depletion was also observed after
CTL019 infusion in 10 of 12 patients who had a partial response (2 patients) or progressive
disease (8 patients)."
They also report the number of patients that they gave IvIg to (Of 12 patients who had a complete
response at 6 months, only 2 required IVIG due to recurrent infections).
The leukaemia study (Maude et al, NEJM, 2018) reported that "All patients with a response to
treatment had B-cell aplasia, and most patients in the study received immunoglobulin replacement
in accordance with local practice. The median time to B-cell recovery was not reached (Fig. S4 in
the Supplementary Appendix). The probability of maintenance of B-cell aplasia at 6 months after
infusion was 83% (95% CI, 69 to 91)."

Would these patients require continued IVIG
treatment and for how long?

An unknown presently as data are scant. A proportion of patients affected by B-cell aplasia may
require continued IVIG treatment (unclear the duration) – but only those with recurrent infections
(DOH guidelines etc).

Thank you for your time.
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