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This slide set is the pre-meeting briefing for this appraisal. It has been
prepared by the technical team with input from the committee lead team
and the committee chair. It is sent to the appraisal committee before the
committee meeting as part of the committee papers. It summarises:

— the key evidence and views submitted by the company, the consultees
and their nominated clinical experts and patient experts and

— the Evidence Review Group (ERG) report

It highlights key issues for discussion at the first appraisal committee
meeting and should be read with the full supporting documents for this
appraisal

Please note that this document includes information from the ERG before
the company has checked the ERG report for factual inaccuracies

The lead team may use, or amend, some of these slides for their
presentation at the Committee meeting

NICE 2



Abbreviation

In full

ALL Acute lymphoblastic leukaemia

ATT average treatment effect on the treated
Cl Confidence intervals

CHMP Committee for Medicinal Products for Human Use
CR Complete remission

DCAS Direct comparison analysis set

FAS Full analysis set

HSCT Haematopoietic stem cell transplantation
ICER Incremental cost-effectiveness ratio
IPTW Inverse probability of treatment weighting
LLQ Lower limit of quantification

MRD Minimal residual disease

NHS National Health Service

NMB Net monetary benefit

OS Overall survival

PAS Primary analysis set

PFS Progression-free survival

PSA Probabilistic sensitivity analysis

QALY Quality-adjusted life year

SOC Standard of care



Key issues: clinical effectiveness

1.

NICE

Where would blinatumomab (for MRD-pos) fit into NHS practice? Does the
modelling reflect this?

Is the measurement and definition of ‘MRD’ standardised and available in the
NHS? What level is ‘MRD-positive’?

Has the prognostic importance of MRD-positivity been clearly established?
s it clear that eliminating MRD is beneficial?

Would patients who achieve MRD negativity with blinatumomab always proceed
to HSCT?

What is the most relevant comparator in the marketing authorisation population?

Are results of the indirect comparison generalisable for the population in the MA,
considering the absence of:

— (i) patients unable to receive HSCT or tolerate chemotherapy,
— (ii) patients in second complete remission (CR2)



Key issues: cost effectiveness

1.

Are cost-effectiveness results generalisable for the population in the MA, considering the
absence of:

(i) patients unable to receive HSCT or tolerate chemotherapy,

(ii) patients in second complete remission (CR2)

2. Which parametric curves for OS and RFS are most appropriate for extrapolation?

3. How should cure be modelled? What cure point should be included in the model?

© ® N O

Company preferred: no fixed cure point; ERG preferred: fixed cure at 5 years in both
arms

. Which post-relapse HRQoL estimate should be used: (i) observed utility of 0.692 among

BLAST patients with post-relapse assessment, assumed values of (ii) 0.50 and (iii) 0.25

Does the model structure appropriately incorporate HSCT? Should alternative modelling
be used or will it have similar uncertainty issues?

Which is the most plausible ICER?
End of life criteria

Equality and innovation

Suitable for CDF?

ICE



Disease background

ALL is a rapidly progressing form of cancer of the white blood cells

Rare in adults - 0.2% of new cancers in UK

42% of ALL cases affect adults

Common in children but children are not covered by the marketing authorisation

Symptoms include fatigue, breathlessness, infections, bleeding, bruising, fever &
sweating. Patients with MRD activity in remission (licensed indication) may not
have such extensive symptoms

75% of ALL is derived from precursor B-cells (B-cell ALL)
Most B-cell ALL is Philadelphia chromosome negative (Ph-) (Ph- covered by MA)

Approximately 44% of adult B-cell ALL patients are expected to relapse and 4%
are refractory to available treatments

MRD: residual ALL present at frequencies below the sensitivity of standard
microscopy, but detectable by molecular means in the bone marrow of patients
who have met the criteria for haematological complete response.

No established MRD method for testing, so sensitivity may differ between tests

NICE



Treatment pathway for B cell precursor ALL

No CR

(primary
refractory)

v

Blinatumomab*
TA450, June 2017

or

Inotuzumab
TA541, Sep 2018

or

Salvage chemotherapy
e.g. FLAG Ida

Induction/ consolidation &

maintenance therapy

“CR

Clinical, haematological

and MRD monitoring

CR2 subgroup is excluded.
MA covers CR2 patients
but company has not
included evidence for the
subgroup.

MRD

(not commonly used now) [~

NTCE * unlikely to use blinatumomab if

already given for MRD positivity

positive
No relapse
/ .
Salvage Proposed
chemotherapy Blinatumomab ~ — MRD
negative
No relapse
High risk
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i e.g. MLL, Ph

HSCT
if disease response,
eligible/fit

Progression

No high risk
features

:

Continue
monitoring and

standard Rx
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Blinatumomab (Amgen)

Marketing
authorisation

Mechanism of
action

Administration
and dosage

List price

NICE

“‘BLINCYTO is indicated as monotherapy for the treatment of adults with
Philadelphia chromosome negative CD19 positive B-precursor ALL in first
or second complete remission with minimal residual disease (MRD)
greater than or equal to 0.1%.” (i.e. 21 x 10-3)

Blinatumomab is a T-cell engager targeting CD19 expressed on the
surface of cells of B-lineage origin, and the CD3 expressed on the surface
of T-cells. It activates endogenous T-cells by connecting CD3 expressed
on the T-cell receptor complex with CD19 expressed on benign and
malignant B-cells and through this mechanism it harnesses the immune
system to kill the cancer cells.

It is administered by continuous intravenous infusion using an infusion
pump for 28 days, followed by a 14 days treatment free period. Patients
may receive 1 cycle of induction treatment followed by 3 additional cycles
of consolidation treatment.

The cost of blinatumomab is £2,017 per 38.5 ug vial (list price)

The average cost of blinatumomab per cycle at the list price is: £56,476
(28 ug/day for Days 1-28, 28 vials)

A simple discount Patient Access Scheme has been approved by NHS
England



Decision problem ()

NICE

MeToll|ELi[Js W People with B-

cell precursor
ALL who have
minimal
residual
disease (MRD)
activity while in
remission

Adults (= 18 years) with
Phlladelphla chromosome
negative and MRD activity
B-precursor ALL.

Comparative effectiveness
and cost-effectiveness
evidence is only presented
for first complete remission
(CR1).

The company considers
that blinatumomab should
be considered in its full
marketing authorisation
population (including
second CR).

2 subgroups were excluded
from indirect comparison
and economic analysis:

(i) patients who are in
second haematological
remission (CR2)

(ii) patients who are
unsuitable for HSCT or
unable to tolerate
chemotherapy.



Decision problem (ll)

_ NICE final scope | Company submission m

Retreatment
with
combination
chemotherapy
* Monitor for
relapse

Comparator K

NICE

 Retreatment with
combination
chemotherapy

Expert opinion suggests
that it is highly unlikely
that people with MRD
activity would only be
monitored without any
treatment. Therefore
monitoring was not
considered as a
separate comparator,
but was incorporated in
ongoing chemotherapy
regimens.

Blinatumomab may be a
treatment option for
people who are not
eligible for HSCT or
cannot tolerate
chemotherapy, therefore
monitor for relapse
should have been
included as a
comparator for this
subgroup

ERG comment:; all relevant outcomes included
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Impact on patients — Living with ALL

Submission from Leukaemia CARE

A rare rapidly progressive disease - most common in a younger population

Diagnosis with ALL has huge emotional impact, placing a strain on families
and friends

Patients (and their families) experience feelings of:
— disbelief, denial, anger, fear, blame, guilt, isolation and depression.
Symptoms of active disease include:

— fatigue, feeling weak or breathless, sleeping problems, nausea or
vomiting, memory loss or loss of concentration, tingling or numbness in
extremities, bone or joint pain, bleeding or bruising and infections.

Therefore quality of life is affected extensively

NICE
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Impact on patients — Views on treatments

Submission from Leukaemia CARE

Patients assessed to be MRD positive following induction treatment, would
be considered high-risk, with poor survival (a matter of months)

There is an urgent need for access to treatments that can induce MRD
negativity, prevent relapse and improve survival outcomes.

Common side effects of blinatumomab:
— Include fever, headaches, tremors, chills, fatigue, nausea and vomiting.

Not unusual for ALL treatment and blinatumomab is generally deemed
manageable/tolerable

In a recent survey, 76% of ALL patients reported that they would be willing
to experience additional side-effects for a more effective treatment.

Potential of outpatient administration is popular with patients
Use as bridging therapy to stem cell transplant

NICE
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Professional and clinical expert submissions

Royal College of Pathologists and Sheffield Teaching Hospital NHS Foundation Trust

Main aim of treatment:

— Induce remission (clear the majority of the leukaemia)

— Consolidate remission to reduce relapse (chemotherapy, donor stem cell transplant)
High unmet need - currently no good treatment of MRD positive patients

Treatment options are repeating first line chemotherapy (rarely results in long term
response) or HSCT, which is often ineffective

Patients who are MRD positive after chemotherapy have a poor outlook
Those successfully treated are often young and may go on to live long lives

Blinatumomab is a safe and effective treatment option, tolerated better than second line
chemotherapy

Clinically meaningful benefits to patients:

— less patients requiring second line chemotherapy treatment

— more patients being cured. Increase in length of life more than current care
Likely to be the only treatment option for people who cannot tolerate chemotherapy

It can be delivered in outpatient setting

13




Clinical study evidence: single arm studies

BLAST (n=116) MT103-202 (n=20)
(Used for economic model)

Phase Il, single-arm, open-label, Phase Il, single-arm, open-label,
international, multicentre multicentre

* Adult MRD+ BCP-ALL patientsin + Adult MRD+ BCP-ALL patients in
haematological CR after front-line haematological CR after front-line

Population

therapy therapy
* Presence of MRD at a level of * Presence of MRD at a level of
>10-3 >104

- Based in 10 European countries; + 20 patients in Germany received
7 patients (6.0%) were enrolled in at least one cycle and included

the UK in efficacy analysis
NICIaENi M » Blinatumomab 15 ug/m2/day « Blinatumomab 15 ug/m?/day
continuous infusion continuous infusion
Primary * Proportion of patients with « MRD response rate within 4
outcome complete MRD response treatment cycles
Key  RFS at 18 months post initiation +« MRD response after any cycle
ClTlo [ ETa7A © OS; HRQoL  MRD progression

outcomes

ERG comments: Single-arm studies lead to performance bias,
detection bias and selection bias.

14




Patient characteristics BLAST and MT103-202

Baseline characteristic BLAST (n=116) MT103-202 (n=20)

Male sex, n (%) e e
Median age (range), years e Mean age: |
Relapse history, n (%)
First CR I NR
Second CR e NR
Third CR e NR
Baseline MRD levels, n (%) =
>101 <1 —
21072 <10 e NR
21073 <1072 e NR
<1073 e NR
Below LLQ or Unknown B NR
Philadelphia chromosome disease Positive Positive
status, n (%) Negative Negative

ERG comments: Majority of BLAST study patients (84%) had a baseline MRD level
between 1073 and 1077, where patients are classed as MRD+ when measurable to
10~4. BLAST MRD levels may not necessarily reflect those of the UK population, but
reflect the eligibility criteria for the blinatumomab studies.

Note: Red boxes indicate focus of model

NICE 15




CONFIDENTIAL

OS and RFS outcomes in BLAST and MT103-202

Study

OS/RFS not censored at OS/RFS censored at
HCST (CS primary analysis) HCST

OS outcomes

Events, n (%) I I

Censors, n (%) - -

OS % at 18 months, - - NR

(95% Cl)

e NR NR
RFS outcomes

Events, n (%) I I NR

Censors, n (%) I I NR

RFS %, (95% Cl) I I I

e —

- — —

NICE

ERG considers OS/RFS not censored at HSCT most appropriate (company’s base
case).

BLAST (n=116) MT103-2

02 (n=20)
NR

16



CONFIDENTIAL

Overall survival results BLAST, Full trial population

- OS censoring at HSCT,
Full trial population,

Median |G

== OS not censoring at
HSCT, Full trial
population, Median

mmmm) (Company base case
and ERG preferred

Survival Probability

Study Month

 Study MT103-202 did not include OS as an outcome measure
NICE 17




CONFIDENTIAL

Relapse free survival results BLAST, Full trial population

Survival Probability

—— RFS censoring at HSCT,
Full trial population,

Median | EGIN

__ __RFS not censoring at
HSCT, Full trial
population , Median

—) Company base case
and ERG preferred

Study Month

NICE 18



Results: MRD response and QoL in BLAST and MT103-202

e ) wmemon

Patients with complete MRD
response after 1 cycle, n (%, 95% ClI
Patients with complete MRD
response after 21 cycle, n (%, 95%

without censoring e
I
with censoring| R

Duration of median MRD response,
months

ERG comments: There was a higher rate of response for patients in CR1 82% (95% CI 72% to
90%), than in CR2 71% (95% CI 54% to 85%) or CR3 50% (95% CI 1% to 99%); but, only 2
patients in CR3. Hence results on subgroup should be treated with caution

* No significant difference for other subgroup analyses

F EORTC QLQ-30: Outcomes indicated some - in HRQoL, - By the end of

the BLAST study, | IEGIN
t__EQ-5D: Results did not change significantly by the end of the BLAST study

NICE 19



Comparative effectiveness vs chemotherapy

Comparator

« Data on the effectiveness of chemotherapy came from a historical control Study
20120148

« Covers blinatumomab MA population

« Exclusion criteria: use of blinatumomab within 18 months of MRD detection

« Primary endpoint: haematological RFS; secondary endpoints: OS, mortality rate

« Historical study subgroup of the population used in propensity score model to adjust for
differences with BLAST population

BLAST subgroup and historical study subgroup are trimmed to match each other

according to the following criteria:

 Ph-BCP-ALL;

* First complete haematological remission (CR1);

« MRD+ at a level of 21 x 10-3;

« 218 years old at MRD positivity (historical comparator) or first blinatumomab treatment
(BLAST);

« Complete baseline covariate set;

* Time to relapse greater than 14 days from MRD detection (applied to historical study);

« Excludes patients in CR2 and CR3 because comparator doesn’t cover them

« Trimming resulted in BLAST subgroup of [l] patients and historical study subgroup of [}

patients -




CONFIDENTIAL

Comparative effectiveness vs chemotherapy:
Inverse probability of treatment weighting

* Due to differences between the populations of BLAST and the historical control study, comparative
analyses were undertaken using subsets of the original study populations which were restricted to
patients with Ph- disease in CR1 only: BLAST subgroup [n=]l]] and historical control [n=]}}]

« A propensity score model was constructed and used to generate weights which were applied to the
historical control, with the aim of approximating the response to standard care chemotherapy that
would be expected in a population with the same characteristics as the BLAST subgroup

« The resulting average treatment effect on the treated (ATT) estimates are applicable to Ph- and
CR1 individuals only. This analysis suggested a hazard ratio (HR) [ EGcN

ERG comments

 Method used by company is appropriate given limited data set

» Results are representative only of the CR1 population (narrower than MA)

 HSCT unobserved confounders: HSCT rate in BLAST (76%) is higher than the historical control
study (37%)

« Limitations to non-randomised data: not possible to account for unobserved confounders and not
clear if uncertainty surrounding the method use was accounted for

* Reported treatment effects likely to underestimate associated uncertainty — to be interpreted with
caution

« Lack of clarity: stabilised weights presented in clinical effectiveness section, while standard (non-
stabilised) weights used in economic model but clarified with company that there is no impact

NICE 21




OS results from propensity score method: BLAST

subgroup [l and historical study subgroup [

mm Blinatumomab [l

== Historical study

subgroup [N

 Outcome Median (months) HR (95% Cl)
- Standard care Blinatumomab Primary analysis

N |
NICE | | | s



RFS results from propensﬁy score method:
BLAST subgroup [[lll] and historical study subgroup [N

== Blinatumomab [l

= Historical study

subgroup [N

Median (months) HR (95% CI)

- Standard care Blinatumomab Primary analysis
I I
[ == .

NICE — 23




Adverse events: Safety analysis

Pooled data from BLAST (n=116) and MT103-202 (n=20)

Treatment-emergent Treatment-related
AEs AEs

All AEs, n (%)
Serious
Grade =3
Grade =4
Fatal (occur within 30 days of
blinatumomab treatment)

Leading to permanent discontinuation
of blinatumomab

Serious

Grade =23

Grade 24

Fatal

« Events occurred in more than 20% of patients: | N | B The most common

treatment emergent AEs of blinatumomab were: || GGG

All patients experienced at least one treatment-emergent AE.
« Data included in economic model

NICE




Summary of ERG’s comments on clinical
evidence

Key areas of uncertainty:

Only single-arm studies — these were well conducted but subject to inherent bias

Absence of clinical evidence subgroups excluded from the comparative analysis
(patients with CR2+)

Generalisability to the full population in NICE scope and MA: the treatment effect
estimates reflect a narrower population than NICE scope

Excluded comparator: monitoring for relapse for a subgroup of patients unable to
undergo HSCT or tolerate chemotherapy: unclear whether any relevant comparator
data exist

Treatment effects (HR) ignore uncertainty around estimated propensity score weights,
and therefore it is likely that estimates underestimate the total uncertainty of the
reported HR, resulting in erroneously narrow confidence intervals. HR results should
be interpreted with caution.

NICE
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Cost effectiveness

NICE



Company’s economic model: structure

« Partitioned survival model based on RFS and OS. This structure
does not allow for tracking of HSCT either before or after relapse.

« The principal benefits of HSCT in avoiding/delaying relapse are
implicitly accounted for in the RFS and OS outcomes.

 The QALY losses and costs associated with the HSCT procedure
and post-HSCT survival are reflected within two HSCT sub-models
applied to the main partition survival structure. The pre-relapse
HSCT sub-model is not causally related to RFS or OS, whilst the

post-relapse HSCT sub-model is partially related to RFS.
Y

[ Relapse-free*t

Dead }
A\

* RFS time divided into tinme on treatment and post-diseomtinuation
T Paiients may enter state-specific HSCT sul-model

{ Post-relapset

NICE
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Company’s economic model: RFS/OS and cure point

Company base case: RFS and OS cure points Company base case: RFS and OS cure points
blinatumomab arm SoC arm
00 RFS Gompertz = 7.28yrs 020 RFS Gompertz = 5.63 yrs

OS log normal =8.01 yrs OS log normal =11.00 yrs

o
o
S]

ability RFS/0S
o
n
o

b
=]
=
=)

b
=
=
=]

Pro

0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50 60 70
Time since model entry (years) Time since model entry (years)

RFS blinatumomab (unrestricted Gompertz) — 0S blinatumomab (log normal mixture cure) RFS standard care (unrestricted Gompertz) —OS standard care (log normal mixture cure)

RFS cure point + OS cure point RFS cure point + OS cure point

RFS is based on a parametric (Gompertz) model fitted to the treatment-specific RFS time-
to-event data

OS is modelled using a parametric (log normal) mixture cure model fitted to the OS time-
to-event data

Distributions in company’s model (RFS and OS) chosen based on a subset of models with
best fit and good BIC

Cure fraction is predicted by model and not fixed in time. Leads to different time points for
cure as graphs show

NICE | ERG comment: it is not clinically plausible to apply models which feature such
a large gap between those achieving cure pre- and post-relapse

28




ERG critique of company model structure

Cure model appropriate: patient is considered cured if no relapse within 5-years

Not clear if selected subset of RFS/OS models are clinically plausible (some do not predict a cure
fraction and are inappropriate)

Cure points with different time points (as company base-case) result in large gaps between cure pre-
and post-relapse which is not clinically plausible

Uncertainty regarding proportion of RFS deaths - decreasing them in the blinatumomab group leads
to a less favourable ICER

ERG think more appropriate to apply fixed cure at 5 years and prefers cure unrestricted model
Model structure not appropriate for tracking HSCT due to:

a.
b.

e.

absence of causal link between HSCT uptake and its impact on RFS and OS outcomes;

model does not estimate probability of receiving HSCT (cannot track patients who undergo
HSCT post-relapse);

adoption of questionable assumptions regarding HSCT receipt : BUT no substantial impact on
ICER

. likely underestimation of post-HSCT costs — relied on survival data only for transplanted cohort;

ERG testing shows that increasing post-HSCT costs and HRQoL decrements leads to increased
ICER for blinatumomab vs SoC . Still not a big impact on ICER

ERG suggests alternative model (eg. semi-Markov) to fully capture HSCT use

Although, ERG has explored alternative assumptions and models, it notes that data to populate
transitions for other models may be limited and may be subject to selection bias and uncertainty.

NICE 29




ERG exploratory and preferred OS for blinatumomab

o : | ERG clinical advisors preferred curve:

0.90 § A e « Generalised gamma (unrestricted)
7/ u preferred by Clinical Advisor 1

- L7 - Restricted cubic spline Weibull

070 | % L’ (unrestricted) preferred by Clinical
: , / | Advisor 2

Proportion surviving
o}
L
=

=
Iy
(=]

0.20

0.10

0.00 -
0 3 10 15 20 25 30 35 40 45 30

Time (years)

=== Exponential Gamma Mixture (Cure + U) Gen. F (U}

— —Gen. Gamma [U) Gompertz (U} - Log-Logistic [U)

————— Lognormal (U} Lognormal Mixture {Cure + U} — « =Lognormal Mon-Mixture (Cure+ U)

= — =Weibull {U) Weibull Mixture (Cure+ U} = = —05: Weibull Non-Mixture ({Cure +U)
RCS Log-Logistic(u)  ==———- RCS Lognormal (U) — - =RCS Weibull (U}

————— Cure point Observed Kaplan-Meier
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ERG exploratory and preferred OS for SoC

1.00 !

0.90

0.80

0.70

Proportion surviving
=]
Ln
2

=
(Y]
=]

0.20

0.10

0.00

L-year cure point

3 10

Exponential

— —Gen. Gamma (U)

Lognormal (U]

- — ='Weibull (U}
— RS Log-Logistic (U)

Cure point

ERG clinical advisors preferred curve:

Weibull mixture cure unrestricted
preferred by Clinical Advisor 1. Models
between the log normal and RSC Weibull
were considered to be plausible

RSC Weibull unrestricted is preferred by
Clin. Advisor 2 based on the fit to the
(ATT-weighted) observed data up to five
years.

25

Time (years)
Gamma Mixture (Cure+ U)

Gompertz (U)

Lognormal Mixture (Cure + U]
Weibull Mixture (Cure+ U}
RCS Lognormal (U}

ATT weighted Kaplan-Meier

30 35 40 45

Gen. F(U)

Log-Logistic (U}

— « = pgnormal Non-Mixture (Cure+ U}
= — =05 Weibull Non-Mixture (Cure + U}
—_ .« =RCS Weibull (U}
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Company’s model inputs and ERG comments

Ph- MRD+ BCP-ALL in CR1
(MRD+ =1 x 10-3 ) (BLAST
oo VIE{To] Il subgroup & historical
comparator subgroup with
ATT weights)

of] ] Elf:1{eJd SOC - chemotherapy regimen

Active treatment costs

(inpatient and out-patient
Cost setting, blinatumomab, HSCT,

salvage chemotherapy)

BLAST subgroup and

ATT weights

| Company | ERGcomments

Reflects patients likely to tolerate chemotherapy
Narrower than MA as it excludes CR2 patients (due to
lack of data)

Cannot assess the cost-effectiveness of blinatumomab
in these excluded population groups.

SoC chemotherapy regimen comprised of vincristine,
prednisolone, mercaptopurine, methotrexate and
prophylaxis against CNS relapse using intrathecal
methotrexate (treatment up to 2 years)

Excludes “monitor for relapse” (may be relevant to
patients unable to undergo HSCT or tolerate
chemotherapy)

No major issues with cost inputs

historical study subgroup with

Mean number of blinatumomab cycles in BLAST=

1.86

IPTW propensity score methods appropriate given the

absence of RCT evidence but introduce uncertainty
32



Company’s model inputs: Utility values

Health state Utility

Relapse-free utility [Blinatumomab, on-treatment, >6 months prior 0.792; 0.832

to death, cycle 17; cycle 2+t]

Relapse-free utility [Blinatumomab, off-treatment, >6 months prior 0.802; 0.842

to death, cycle 17; cycle 2+1]

SoC, relapse-free, >6 months prior to death 0.806

Post-relapse utility [Blinatumomab and SoC, >6 mos prior to death 0.692

General population utility decrement® -0.02

HSCT utility decrement [1-12; 13-24; 25-60; 61+ months] -0.170:; -0.010; -0.020; 0.000

ERG concerns regarding plausibility of HRQoL estimates

« unrealistically high post-relapse utility estimate of 0.692 (per ERG clinical expert opinion)

 ERG ran exploratory analysis 7 and applied alternative post-relapse utility estimates
(observed utility of BLAST patients with post-relapse assessment 0.819, assumed values
of 0.50 and 0.25)

» Results show only a minor impact on ICER

NICE 33



CONFIDENTIAL

Cost effectiveness results: company’s base case (post-
clarification submission, PAS included)

Option  |QALYs |Costs |inc.GALYs |inc. Costs |ICER

Probabilistic results (company’s base case post clarification: unrestricted Gompertz function for RFS,

log normal mixture cure model for OS, not-fixed cure point predicted by model)

Blinatumomab . 2.92 £83,634 £28,655
Standard care . - - _

Blinatumomab . 3.02 £83,800 £27,779

Company’s updated model submitted post-clarification with the following amendments: (i) maximum
annual mortality risk capped at 100%; (ii) pump costs included for all days after the first inpatient
stay; (iii) general population utilities based on Ara and Brazier (2010), and (iv) post-relapse
allogeneic HSCT not initiated after 5 years

NICE 34



CONFIDENTIAL

Cost breakdown: company’s base case

Cost Category Blinatumomab (£) SOC (£) Incremental (£)
Pre-Relapse
Blinatumomab and SOC maintenance treatment
Medication
Administration
Hospitalisation
Outpatient visits
Infusion pump
Total medication and admin.
Allo-SCT
Other inpatient
Other outpatient
Total pre-relapse
Post-relapse
Salvage therapy
Allo-SCT
Other inpatient
Other outpatient
Total post-relapse
Terminal care
Total
NICE Note: Mean number of blinatumomab cycles in BLAST= 1.86

N/A

N/A

W i

— -




CONFIDENTIAL

Cost effectiveness results: ERG’s corrected version of
company’s base case (PAS incl.)

Deterministic results (company’s base case post clarification, used by ERG for expl. analyses)

Sl e 723 N 302  £83.800 £27 779
Standard care 4 21 - _ _ _

ERG's rebuilt deterministic model (exploratory analysis 1: minor errors corrected)

Blinatumomab 7.21 - 3.00 £83,264 £27,717
Standard care 4.21 - - - _

ERG comment: PSA cost-effectiveness based on company’s probabilistic model:
» Approx. 80% of ICER estimates lie below the £50,000/QALY threshold and 50% below the
£30,000/QALY threshold.
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CONFIDENTIAL

ERG exploratory analyses results (l)
(deterministic results, PAS included)

Option  |QALYs [Costs _ |Inc. QALYs |Inc.Costs |ICER
Company’s base case deterministic version: RFS Gompertz (U) & OS lognormal mix cure

723 TR 3.02 £83,800 £27,779
ERG exploratory analysis 1 — Correction of errors identified during model verification

3.00 £83,264 £27,717
ERG exploratory analysis 2 — Fixed cure point applied to all surviving patients at 5 years
737 TR 2.77 £83,803 £30,304
461 N - - -

ERG exploratory analysis 3 —Analyses 1 and 2 combined (ERG-preferred model

Blinatumomab 735 B 2.75 £83,268 £30,227
Standard care 459 1N - - )

« ERG comment analysis 2: 5-year cure point is applied to original model, hazard of death is
switched to the general population at year 5 and beyond.

« ERG comment analysis 3. ERG’s preferred model is company’s updated model with
corrected errors and added 5-year fixed cure point. The uncertainty based on original
parametric RFS and OS still remains .
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CONFIDENTIAL

ERG exploratory analyses results (ll)
(deterministic results, PAS included)

Option | Total QALYs | Total Costs |Inc. QALYs |Inc.Costs |ICER

Exploratory analysis 4: standard care costs doubled (based on ERG-preferred model

Blinatumomab 7.35 £82,222 £29,848
Standard care 4.59 - - _

based on ERG-preferred model

Blinatumomab 7.29 2.73 £89,302 £32.667
Standard care 4.55 - - :

Exploratory analysis 4: Alternative SoC costs: drug acquisition costs were doubled to assess the]
impact of assuming alternative treatment regimens. No significant impact on ICER
Exploratory analysis 5: Assess impact of alternative HSCT survival probabilities
» Shows that HSCT survival probabilities lead to an increase ICER for blinatumomab vs SoC; but

ERG notes there is uncertainty around survival trajectory of HSCT patients

NICE 38



ERG exploratory analyses results (ll)
Alternative cure fractions for SoC and utilities

(deterministic results, PAS included)

Blinatumomab vs SOC Inc. QALYs ICER

Exploratory analysis 6 — alternative cure fractions for SoC (based on ERG-preferred model)

275  £83,268  £30227
236 £81402  £34465
183  £78,883  £43,072
1.30  £76,363  £58,697
275  £83268  £30,207

Utility = 0.819 (BLAST post-relapse utility) 2.67 £83,268 £31,157
Utility = 0.50 2.88 £83,268 £28,930
Utility = 0.25 3.04 £83,268 £27,395

ERG comments:

» Results show cure fraction is a key driver of cost-effectiveness for blinatumomab
vs SoC

- Utility values for the post-relapse state have a minor impact on the ICER

NICE 39




ERG exploratory analyses — alternative models (lll)

deterministic results, PAS included

analysis 8 - Impact of using ERG’s clinical advisors’ preferred OS models
OS model (low-high ICER determined by RFS curve) NRelAI01=15¢ High ICER
(a) Generalised gamma (unrestricted) preferred for

blinatumomab arm by Clinical Advisor 1 £32,800 £34,904
(b) Restricted cubic spline Weibull (unrestricted)

preferred for blinatumomab arm by Clinical Advisor 2 el £32,857
(c) Weibull mixture cure (unrestricted) selected for SoC £95.810 £27 492

by Clinical Advisor 1

ERG comment: Cure rate is driving cost-effectiveness. Inclusion of the 5-year cure assumption
reduces variation in ICERs across the OS models considered (cure models also produce lower ICERs
vs other OS forms)
« Range of low and high ICERs reflects the impact of assuming alternative RFS functions
* Only the Weibull non-mixture cure model (unrestricted) and the Weibull mixture cure model
(unrestricted) produced ICERs below £30,000 per QALY gained
ERG Clinical experts: Cure point at 5 years is acceptable
« The distributions above were chosen based on:
(a) OS at 50% at 5 years data matched observed data from BLAST and MT103-202
(b) Provides clinically expected changes in OS between years 4 and 5
(c) The predicted 5-year OS probability
(d) RSC Weibull is preferred based on the fit to the (AT T-weighted) observed data up to five years.
« The clinical advisors’ 3 preferred OS models result in ICERs in the range £25,810- £34,904 per
QALY gained.




Innovation and equality

Clinicians consider it innovative and a step-change in the
management of ALL with MRD activity (Professional expert
submission)

Currently no targeted treatment option is available for people with
MRD positive B-cell precursor positive ALL (Professional expert
submission)

Novel mechanism of action facilitates transient connection of
malignant cells with T cells, thereby inducing T-cell-mediated killing of
the bound malignant cell. By bringing T cells into close proximity with
tumour cells much more frequently than without blinatumomab, the
surveillance and cytotoxic abilities of the patient's own T cells are
greatly increased (Company submission, B.2.12)

* No equality issues raised during scoping or company submission/
patient professional statements.

NICE
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End of life criteria

The treatment is indicated for Median OS for the historical control group (using AT T-weighted
patients with a short life propensity score matching analyses) for standard care
(e ela [Vl s EIIVACTERGEL I chemotherapy was

24 months The estimated mean survival (undiscounted) in the economic
analysis was almost 5x greater than the median survival (|l
years) in the SoC arm; however, this is reflective of the small
proportion of patients who achieve long-term survival (~20%).
There is sufficient evidence to Median OS (using AT T-weighted propensity score matching
IR BRI E IRl analyses), was [Jllafter more than 40 months follow-up for
NS R NI e VAo Bl blinatumomab thus demonstrating a [ OS survival
SRR s hinEIRRne A IIlwhen compared to standard care.

compared with current NHS The estimated mean survival (undiscounted) in the economic
treatment analysis was il years in the blinatumomab arm, resulting in
an incremental survival benefit of [l years.

ERG comment ERG disagrees with using median values to determine whether
the end of life criteria are met. Medians represent the middle
patient and don’t take into account the skewness in the
distribution of patient outcomes

ERG’s exploratory analyses show a lowest mean OS for the
standard of care group of 7.69 years and a mean OS gain with
blinatumomab of 2.12 years.

NICE 42




CONFIDENTIAL

End of life considerations:
Landmark OS based on

company’s base case updated post-clarification

Landmark OS vs. BLAST
Blinatumomab SOC

Month BLAST Model Historical
Control

6
12
24
93.5
60*
120*
*Input obtained from company model v0.4 by NICE technical team

NICE



Key issues: cost effectiveness

1. Are cost-effectiveness results generalisable for the population in the MA, considering the
absence of:

(i) patients unable to receive HSCT or tolerate chemotherapy,
(ii) patients in second complete remission (CR2)

2. Which parametric curves for OS and RFS are most appropriate for extrapolation?

3. How should cure be modelled? What cure point should be included in the model?
Company preferred: no fixed cure point; ERG preferred: fixed cure at 5 years in both arms

4. Which post-relapse HRQoL estimate should be used: (i) observed utility of 0.692 among
BLAST patients with post-relapse assessment, assumed values of (ii) 0.50 and (iii) 0.25

5. Does the model structure appropriately incorporate HSCT? Should alternative modelling be
used or will it have similar uncertainty issues?

Which is the most plausible ICER?
End of life criteria

Equality and innovation

Suitable for CDF?

© © N o

NICE
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Abbreviations

Abbreviation Definition
ABL Abelson murine leukaemia viral oncogene homolog
AC appraisal committee
AE adverse event
ALL acute lymphoblastic leukaemia
ANC absolute neutrophil count
AP alkaline phosphatase
ASBMT American Society for Blood and Marrow Transplantation
ASCO American Society of Clinical Oncology
ASH American Society of Hematology
ATE average treatment effect
ATT average treatment effect on the treated
BCP B-cell precursor
BCR B-cell receptor
BIC Bayesian information criterion
BiTE bispecific T-cell engager
BNF British National Formulary
BSA body surface area
CCR Continuous haematological complete response
CDSR Cochrane Database of Systematic Reviews
CENTRAL Central Register of Controlled Trials
CHMP Committee for Medicinal Products for Human Use
(o] confidence interval
cmv cytomegalovirus
CNS central nervous system
CR complete response
CRF case report form
CSF cerebrospinal fluid
CSR clinical study report
CTM clinical trial material
CVAD cyclophosphamide, vincristine, doxorubicin, dexamethasone
DARE Database of Abstracts of Reviews of Effectiveness
DCAS direct comparison analysis set
DNA deoxyribonucleic acid
DSU Decision Support Unit
EC European Commission
ECCO European Cancer Organisation
EFS event-free survival
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EHA European Hematology Association

eMIT Drugs and Pharmaceutical Electronic Market Information

EOI events of interest

EORTC European Organisation for Research and Treatment of Cancer
EPAR European Public Assessment Report

EQ-5D EuroQol 5 dimensions questionnaire

ESMO European Society for Medical Oncology

EU European Union

EWALL European Working Group for Acute Lymphoblastic Leukaemia
FAS full analysis set

FDA Food and Drug Administration

FLAG-IDA fludarabine, cytarabine, granulocyte colony-stimulating factor, idarubicin
GEE generalised estimating equations

GLM generalised linear model

GMALL German Multicenter Acute Lymphoblastic Leukaemia Study Group
GOT glutamic oxaloacetic transaminase

GPT glutamic-pyruvic transaminase

HB haemoglobin

HCHS Hospital and Community Health Service

HCV Hepatitis C Virus

HIV Human Immunodeficiency Virus

HRG healthcare resource group

HRQoL health-related quality of life

HRU healthcare resource utilisation

HSCT haematopoietic stem cell transplantation

HTA health technology assessment

ICER incremental cost effectiveness ratio

IPTW inverse probability of treatment weighting

ISPOR International Society for Pharmacoeconomics and Outcomes Research
IT intrathecal

ITT intention-to-treat

v intravenous

KM Kaplan-Meier

LCL lower confidence limit

LLOQ lower limit of quantification

LYG life years gained

MAA marketing authorisation application

MRC Medical Research Council

MRD minimal residual disease

NA not applicable

NCCN National Comprehensive Cancer Network
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NHS National Health Service

NHS EED NHS Economic Evaluation Database
NICE National Institute for Health and Care Excellence
NMB net monetary benefit

NR not reported

NSAID non-steroidal anti-inflammatory drug
OoP outpatient

(0153 overall survival

PAS Patient Access Scheme

PCR polymerase chain reaction

PEG polyethylene glycol

PPS per protocol set

PR post-relapse

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PRO patient-reported outcome

PRS post-relapse survival

PSA probabilistic sensitivity analyses
PSSRU Personal Social Services Research Unit
QALY quality-adjusted life year

QLQ quality of life questionnaire

R restricted

RCT randomised controlled trial

RF relapse-free

RFS relapse-free survival

ROBINS Risk Of Bias In Non-randomised Studies
RR relative risk

RT real-time

SD standard deviation

SE standard error

SLR systematic literature review

SmPC Summary of Product Characteristics
SoC standard of care

STA single technology appraisal

TCR T-cell receptor

TKI tyrosine kinase inhibitor

TTHR time to haematological relapse

u unrestricted

UCL upper confidence limit

UK United Kingdom

ULN upper limit of normal

us United States
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WBC white blood cells

WTP willingness to pay
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B.1 Decision problem, description of the technology and

clinical care pathway

B.1.1 Decision problem

The submission covers the technology’s full marketing authorisation for this indication.

Table 1 summarises the decision problem addressed in this submission.

Table 1: The decision problem

Final scope issued by

NICE

Decision problem
addressed in the
company submission

Rationale if
different from the
final NICE scope

Population

People with B-cell
precursor acute
lymphoblastic leukaemia
who have minimal
residual disease (MRD)
activity while in
haematological
remission

Adults with MRD+ B-
precursor acute
lymphoblastic leukaemia
(ALL).

Clinical evidence for
blinatumomab is aligned
with the proposed licensed
indication; however,
comparative evidence from
a historical comparator
study is limited to patients
with Ph-negative B-
precursor ALL who are in
first complete
haematological remission.
Therefore, the economic
analysis presented in this
submission focused on this
patient sub-group.
Although the cost
effectiveness evidence
does not consider the Ph+
population or later
remission states, due to
the substantial unmet need
across all sub-populations
blinatumomab should be
considered for use in
alignment with its full
anticipated marketing
authorisation.

Blinatumomab is not
expected to have a
marketing
authorisation for use
in paediatric patients
in this indication.

Intervention

Blinatumomab

Per final scope

NA

Comparator(s)

Retreatment with
combination
chemotherapy

Monitor for relapse

o Retreatment with
combination
chemotherapy

Based on expert
clinical opinion it is
highly unlikely that
MRD+ patients who
have a high risk of
relapse would solely
be monitored for
relapse without any
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treatment.
Therefore, in the
economic evaluation
monitoring for
relapse is not
considered a
comparator in its
own right — instead,
it is captured
alongside ongoing

leukaemia, while in
remission, who would
not otherwise have been
tested. A sensitivity
analysis should be
provided without the cost
of the diagnostic test.

Guidance will only be
issued in accordance
with the marketing
authorisation. Where the
wording of the
therapeutic indication
does not include specific
treatment combinations,
guidance will be issued
only in the context of the
evidence that has
underpinned the
marketing authorisation
granted by the regulator.

chemotherapy
regimens.
Outcomes The outcome measures | Per final scope NA
to be considered
include:
e Overall survival
e Disease-free survival
e Relapse-free survival
e Minimal residual
disease response
¢ Rate of stem cell
transplant
e Adverse effects of
treatment
¢ Health-related quality
of life
Special If appropriate, the Per final scope MRD status testing
considerations | appraisal should include is already routine
including the costs associated clinical practice in
issues related with diagnostic testing the diagnostic work-
to equity or for these cells in people up and monitoring of
equality with acute lymphoblastic BCP-ALL," 2 and is

recognised as an
important marker for
informing treatment
decisions and
prognosis. No
additional tests or
investigations are
required for
treatment with
blinatumomab.

Abbreviations: NA: Not applicable
Source: NICE Blinatumomab Final Scope®
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B.1.2 Description of the technology being appraised

A brief overview of blinatumomab is provided in Table 2.

Table 2: Technology being appraised

UK approved name and
brand name

Blinatumomab (BLINCYTO®)

Mechanism of action

Blinatumomab is a first-in-class, bispecific T-cell engager (BiTE®)
antibody construct that binds specifically to CD19 expressed on the
surface of cells of B-lineage origin, and to CD3 expressed on the
surface of T-cells. Blinatumomab activates endogenous T-cells by
connecting CD3 expressed on the T-cell receptor complex with CD19
expressed on benign and malignant B-cells. Blinatumomab mediates
the formation of a cytolytic immunological synapse between the T-cell
and the malignant B-cell, triggering release of proteolytic enzymes to
kill target cells. Blinatumomab is associated with transient
upregulation of cell adhesion molecules, production of cytolytic
proteins, release of inflammatory cytokines, and proliferation of T-
cells, all of which results in elimination of CD19+ cells. It is the unique
action of bringing T-cells into proximity with malignant B-cells much
more frequently than without blinatumomab that greatly augments the
surveillance and cytotoxic abilities of the patient’'s own T-cells. Thus,
blinatumomab harnesses the body's own immune system to fight
cancer.*5

Marketing
authorisation/CE mark
status

Blinatumomab was granted orphan designation by the European
Commission (EC) in 2009.6 A European marketing authorisation
application (MAA) for blinatumomab in this indication was submitted
in March 2017, and it is anticipated that the Committee for Medicinal
Products for Human Use (CHMP) will adopt a positive opinion for this
MAA in January 2018 for the indication of adults with MRD+ B-
precursor ALL.

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

The anticipated indication for blinatumomab is for the treatment of
adults with MRD+ B-precursor ALL.

Blinatumomab also has an existing indication for the treatment of
patients with Philadelphia chromosome-negative relapsed or
refractory B-precursor ALL.

For full details of the contraindications, warnings and precautions for
use, see Appendix C.

Method of
administration and
dosage

Blinatumomab is administered by continuous intravenous (clV)
infusion delivered at a constant rate using an infusion pump. A single
cycle of blinatumomab treatment comprises clV infusion at a dose of
28 ug/day for 28 days, followed by a 14-day treatment-free interval.
Step dosing is not required during the treatment of MRD+ BCP-ALL,
unlike in the treatment of relapsed or refractory Ph-negative BCP-
ALL, as the number of B-cells at baseline is low, as is the risk of
cytokine release syndrome. Patients may receive 1 cycle of induction
treatment followed by 3 additional cycles of consolidation treatment;
treatment with blinatumomab should be discontinued if
haematological relapse occurs. Based on an analysis of patients
starting and completing each cycle in the pivotal phase Il clinical trial,
an average of 1.86 cycles of blinatumomab was received per
treatment course, due in part to patients becoming eligible for and
undergoing HSCT upon achievement of MRD-negativity (Section
B.3.5).
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Additional tests or MRD status testing is already routine clinical practice in the
investigations diagnostic work-up and monitoring of BCP-ALL," 2 and no additional
tests or investigations are anticipated to be required for treatment
with blinatumomab.

List price and average The acquisition cost of blinatumomab is £2,017 per 38.5 ug vial (list
cost of a course of price).”
treatment The average cost of blinatumomab per cycle at the list price is:

e £56,476 (28 ug/day for Days 1-28, 28 vials)

Patient access scheme | A simple discount PAS has been approved by the Department of
(if applicable) Health:

Ny 0 ]

- I

Abbreviations: BiTE: bispecific T-cell engager; CD: cluster of differentiation; EC: European Commission; MAA:
marketing authorisation application; CHMP: Committee for Medicinal Products for Human Use; clV: continuous
intravenous; MRD: minimal residual disease; BCP: B-cell positive; ALL: acute lymphoblastic leukaemia; Ph:
Philadelphia chromosome; PAS: Patient Access Scheme.

Source: Blinatumomab Summary of Product Characteristics, Nagorsen et al. (2009), Gokbuget et al. (2014),
Hoelzer et al. (2016)." 458
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B.1.3 Health condition and position of the technology in the

treatment pathway

Summary of Health Condition and Position of the Technology

o BCP-ALL is a rare form of leukaemia affecting relatively young adults; approximately 36% of
patients will exhibit minimal residual disease (MRD) despite achieving a haematological
complete response (CR) in the front-line setting (estimated n=85 in England and Wales).

¢ MRD is an independent predictive factor of outcome in BCP-ALL and is associated with high risk
of relapse (both during first haematological CR and after salvage therapy) and poor survival
outcomes.

o0 In arecent meta-analysis by Berry et al. (2017) that included more than 13,000 patients,
the predictive power of MRD status was confirmed; MRD+ patients were significantly less
likely than MRD- patients to be disease-free (21% versus 64%), and alive (15% versus
60%) after 10 years.

e The primary goal of treatment is to achieve a cure, however, no approved treatments exist
specifically for MRD+ BCP-ALL patients in haematological CR. Furthermore, currently available
chemotherapy regimens are highly toxic and ineffective in achieving MRD negativity among
BCP-ALL patients in haematological CR.

e HSCT, although associated with substantial morbidity and mortality, represents a potentially
curative treatment option for high-risk patients, but importantly MRD+ patients experience
significantly poorer outcomes.

e There is, therefore, a high unmet need for a targeted, effective treatment option that can realise
a cure through achievement of MRD negativity among patients who are in haematological CR
as well as improved post-HSCT outcomes, whilst reducing chemotherapy-associated toxicities
in BCP-ALL patients.

e As the first and only drug indicated specifically for BCP-ALL patients, blinatumomab, by
achieving MRD negativity, offers a paradigm shift in treatment options for these patients and is
expected by expert clinicians to become the standard of care therapy in this setting: both prior to
transplant in patients eligible for HSCT and as a stand-alone treatment for patients who are not
eligible for HSCT.

e By eliminating MRD, which is an independent predictive factor for improved outcomes, patients
receiving blinatumomab are substantially more likely to be cured of ALL, either via long-term,
sustained molecular remission or receiving successful HSCT.

An overview of ALL and the position of blinatumomab in the current treatment pathway is
provided in the following sections.

B.1.3.1 Disease overview

Acute lymphoblastic leukaemia

Leukaemia is a complex, progressive haematological malignancy that is characterised by the
increased production of immature or abnormal blood cells by bone marrow and other blood-
forming organs.® Acute lymphoblastic leukaemia (ALL) is a subset of leukaemia that refers to a
group of haematopoietic neoplasms involving cells committed to the lymphoid lineage.®

ALL specifically affects immature lymphocytes (lymphoblasts) that are derived from B- or T-
lymphocyte stem cells. Proliferating lymphoblasts supress the production of normal blood cells in
the bone marrow, causing haematological deficiencies including anaemia, immune system
impairment, and platelet count deficiency.'® '* These leukaemic lymphoblasts express the same
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antigens as normally developing B- and T-cells. Clinically, the recognised phenotypes are T-
cells, mature B-cells, and precursor B-cells. Precursor B-cells typically express CD10, CD19, and
CD34 cell surface markers.'® Immunophenotyping is an important part of the diagnostic work-up
for ALL to classify cases, for immunologic monitoring of MRD (defined as the detection of more
than 1 cancerous cell per 10,000 normal cells), and for treatment with targeted cellular
immunotherapy.®

ALL sub-classifications

Although the aetiology of ALL is unclear, it is one of the most carefully studied and best-
characterised neoplasms. An overview of the ALL sub-classifications is provided in Figure 1; the
majority of ALL cases (76%) are B-cell lineage, of which 93% are B-cell precursor (BCP) ALL.'*
4 BCP-ALL is the population from which patients relevant to this appraisal are drawn.3
Philadelphia chromosome-positive (Ph+) is a biologically and clinically distinct variant of ALL
classified as ALL with translocation 1(9;22)(q34;911.2) and accounts for 20% to 30% of ALL
cases in adults and 2% to 3% of ALL cases in children (across all sub-classifications, not
specifically BCP).13: 15

Figure 1. ALL sub-classifications

[ Adult ALL J
|

i
T-cell ALL? B-cell ALL®
24% 76%

~ Mature B-cell ALL® BCP-ALLY
7% 93%

Footnotes: ?Percentages were derived by calculating weighted averages of the proportion of adult ALL that is B-
cell lineage.'%-20 PPercentages were derived by calculating weighted averages of the proportion of adult B-lineage
ALL that is BCP-ALL."3 14

Abbreviations: BCP-ALL: B-cell precursor ALL

Source: Amgen ALL Epidemiology Estimates (Appendix N)

MRD in current clinical practice

MRD refers to residual ALL present at frequencies below the sensitivity of standard microscopy,
but detectable by molecular means such as PCR or flow cytometry, in the bone marrow of
patients who have met the criteria for haematological CR.?" In adult ALL, more than 80% of Ph-
negative patients respond to induction chemotherapy with a haematological CR, and yet 44% of
these patients experience relapse at a median of 11 months from the start of treatment.'® Thus,
despite an impressive 40% to 50% overall survival rate at 5 years, a prognosis achieved over the
last 10 years, refractory relapsed leukaemia remains an unsolved therapeutic problem.’> Among
patients with ALL in their first CR, prognostic factors for relapse include baseline features such
as cytogenetics (particularly the 9;22 translocation), white blood cell (WBC) count, and age.'”- 22
23, However, the persistence of MRD has been shown to be the strongest predictive factor for
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relapse regardless of treatment choice or risk classification system;? 2426 gs presented in Table
3, patients in one study who failed to achieve MRD- status experienced a greater 3-year relapse
rate, while those who achieved MRD clearance rapidly experienced a 3-year relapse rate of
0%.28 At the time of relapse, the strongest prognostic factors for overall survival (OS) are
duration of initial haematological remission and age.'3 18 27

Table 3. The effect of MRD status on 3-year relapse rate in Briiggemann et al. (2006)2¢

MRD Risk Group 3-Year Relapse Rate (95% CI)
Low risk (10% of patients) 0% (NA)
Intermediate risk (67% of patients) 47% (31% — 63%)

High risk (23% of patients) 94% (83% — 100%)

Footnotes: Low risk was defined as a rapid MRD decline to lower than 10 or below detection limit at day 11 and
day 24, high risk was defined as an MRD of 10 or higher until week 16, the remaining patients were defined as
intermediate risk.

Abbreviations: MRD: minimal residual disease; Cl: confidence interval; NA: not applicable.

Source: Briiggemann et al. (2006)%¢

The presence of MRD is a continuous variable, and patients who are highly responsive to
induction chemotherapy and who achieve an MRD level below 1 x 10 (MRD- based on the
sensitivity of the methodology) have a favourable prognosis. Typically, the presence of MRD
represents disease that is insensitive to the multi-agent therapy used for induction and/or
consolidation chemotherapies (see Section B.1.3.2), and thus subsequent rounds of similar
therapy may not be efficacious for eliminating MRD.?!

Assessment of MRD is commonly used clinically to evaluate the depth of response, categorise
the level of risk of relapse, and to aid in treatment decisions.?® MRD is evaluated by multiple
methods, most commonly multichannel flow cytometry with immunophenotypic markers, real-
time quantitative polymerase chain reaction (RT-qPCR), or next-generation sequencing. Patients
are considered to have MRD (i.e., to be MRD+) if molecular evidence of blasts in the bone
marrow is detectable above the lower limit of quantitation of 1 x 10 (> 1 in 10,000). An MRD
level > 1 x 10 is deemed MRD+ and represents a very high-risk condition for relapse.?® The
method and timing of MRD testing varies, and is described in more detail in Section B.1.3.3.

Incidence and prevalence of the MRD population

ALL is a rare disease, with an incidence in the UK of approximately 1.2 per 100,000, with 758
new cases diagnosed across the UK in 2014.3° The incidence has its peak during childhood,

decreasing with increasing age. From the age of 35 years on the incidence rises again and a
second peak is observed starting from the age of 80 years.3°

The proportion of patients in MRD+ haematological CR after front-line chemotherapy can vary
between studies due to the timing of MRD testing (after induction or consolidation, see Section
B.1.3.3). The use of different MRD testing methodologies and MRD thresholds can also lead to
variability. Nonetheless, a weighted analysis of large prospective, multicentre studies have
reported that 33—-47% of patients have MRD after induction therapy;'® 25 3" a weighted analysis
of these trials has produced a rate of 36%.'2

Figure 2 shows the estimated number of cases of ALL in the UK, according to sub-population,
calculated by applying the estimated incidence of ALL to UK population estimates. In an
estimated population of 236 patients with BCP-ALL, there are expected to be 85 patients who are
MRD+ after receiving front-line chemotherapy.'? These patients would have a higher risk of
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relapse and shorter survival than MRD- patients. Effective treatment that achieves MRD
negativity in patients achieving haematological CR after front-line chemotherapy would reduce
the number of patients who experience a relapse.

Figure 2. Estimated incidence of adult MRD+ B-precursor- ALL in England and Wales

ALL incidence: Estimated number of patientsin
1.2 ver 100 0063 England and Wales based on a total
b population of 65,648,100 (2016)

Adult (42%)P

Paediatric (60%)

I<_

T-cell (18%) B-cell (82%)°

Mature B-cell (13%) Precursor B-cell (87%)¢ 236

I" I‘ I

12
MRD- (64%) MRD+ (36%)¢ 85

Footnotes: 2Cancer Research UK (2016 estimate)®®

bCalculated from UK age-specific ALL incidence data reported by Cancer Research UK (2011-2013 estimate).3°
Since data were only provided for 5-year age groups, the 15-19 year age group was split such that 60% of the
population projection for this age group was considered 15-17, and the remaining 40% were considered 18-19 and
included in the estimate for adult patients.

“Weighted average of data from (i) a UK cytogenetic population-based study of 349 patients (> 15 years of age)
with ALL diagnosed between 1983 and 2001 (Moorman et al., 2010);'* and (ii) an analysis of cytogenetic data from
1522 patients (15 years to 65 years of age) with ALL enrolled on the MRC UKALLXII/ECOG 2993 study (Moorman
et al., 2007)."” Data on T- and B-cell lineage from Moorman et al., 2007 was calculated using separately reported
proportions of patients with T-cell lineage in subsets of patients with Ph+ ALL and Ph- ALL.

dBased on UK data from a cytogenetic population-based study of 349 patients (>15 years of age) with ALL
diagnosed between 1983 and 2001 (Moorman et al., 2010)."

€Amgen ALL epidemiology estimates (Appendix N)

Prognosis and unmet need for MRD+ patients

The prognosis for patients treated with currently available therapies is dependent on a number of
factors: most long-term survivors of ALL have undergone HSCT and have other well-established
positive prognostic factors, including a younger age, shorter time to CR, longer duration of CR,
later relapse, and lower white blood cell counts.'® 2728, 32,33

MRD is increasingly considered an independent predictive marker for duration of response and
long-term outcomes in patients with ALL, and is important for assessing the risk of relapse and
informing treatment decisions. Adult MRD+ BCP-ALL patients in haematological CR have an
increased risk of haematological relapse and death compared with those who do not have MRD.
In a large German Multicenter ALL study (GMALL), the probability of maintaining haematological
CR without relapse at 5 years was 35% for MRD+ patients after front-line chemotherapy,
compared with 74% of MRD- patients (p < 0.001), as shown in Figure 3.1°
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Figure 3. Continuous Haematological CR (CCR) without relapse

10— . —— Patient without MRD (n = 384)
: Patient with MRD (n = 120)
: P < 0.0001
a 0.8 — 1 74%
& : \
8 I
- ]
5 0.6 -
2 :
5 04- .
L)
$ |
& 024 '
]
]
]
0 Y 1 T T t T T T T 1
0 1 2 3 4 5 6 7 8 9 10

Years

Footnotes: @The probability of CCR was calculated from the date of achieving haematological complete remission
to the date of relapse or last follow-up. PIncludes patients who underwent HSCT.

Abbreviations: CCR: continuous haematological complete remission; HSCT: haematopoietic stem cell transplant
Source: Gokbuget et al. (2012)"

In the same study, MRD+ patients also had significantly poorer OS than MRD- patients, with a 5-

year OS of 42% versus 80% (p = 0.0001)." In a recent meta-analysis by Berry et al. (2017) that
included more than 13,000 patients, the predictive power of MRD status was confirmed; MRD+
patients were significantly less likely than MRD- patients to be disease-free (21% versus 64%),
and alive (15% versus 60%) after 10 years. Furthermore, the predictive power of MRD status is
substantial and robust, irrespective of ALL sub-population or MRD detection method, period or

cut-off level, as shown in Table 4.

Table 4: Predictive effect of MRD status on EFS and OS

Subgroup EFS, Hazard Ratio (95% CI) | OS, Hazard Ratio (95% CI)
MRD Detection Method

Flow cytometry 0.32 (0.20, 0.51) 0.28 (0.13, 0.61)

PCR 0.24 (0.18, 0.32) 0.29 (0.18, 0.49)
MRD Cut-off

0.0001 0.29 (0.21, 0.39) 0.25 (0.18, 0.35)

<0.0001 0.21 (0.14, 0.32) 0.30 (0.18, 0.50)
MRD Detection Period

Induction 0.33 (0.24, 0.44) 0.54 (0.24, 1.20)

Consolidation 0.25 (0.18, 0.36) 0.27 (0.18, 0.40)
Cytogenetics

Ph- 0.28 (0.22, 0.37) 0.26 (0.17, 0.40)

Ph+ 0.34 (0.22, 0.53) 0.38 (0.19, 0.75)
Cell Phenotype

B-cell 0.28 (0.17, 0.45) NR

T-cell 0.31 (0.19, 0.53) NR

Abbreviations: MRD: minimal residual disease; EFS: event-free survival; OS: overall survival; Cl: confidence
interval; PCR: polymerase chain reaction; Ph: Philadelphia chromosome.

Source: Berry et al. (2017)3
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HSCT is a potentially curative treatment option for high-risk patients after induction therapy.
However, as described in more detail Section B.1.3.2, it is associated with severe morbidity and
a high mortality rate, and the risk of HSCT failure (i.e. haematological relapse) is greater in
MRD+ BCP-ALL patients. As shown in Figure 4 and Figure 5, MRD+ patients have a
substantially higher risk of haematological relapse and death at 3 years’ post-transplant,
compared with MRD- patients.3®

Figure 4. RFS after HSCT in MRD+ and MRD- patients
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Footnotes: Of 153 patients, 142 (89%) received total body irradiation-based conditioning; the remainder received
regimens consisting of treosulfan and fludarabine, busulfan and cyclophosphamide, or busulfan and fludarabine,
and then underwent HSCT.

Abbreviations: HSCT: haematopoietic stem cell transplant; OS: overall survival; RFS: relapse-free survival.
Source: Bar et al. (2014)%

Figure 5. OS after HSCT in MRD+ and MRD- patients
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Footnotes: Of 153 patients, 142 (89%) received total body irradiation-based conditioning; the remainder received
regimens consisting of treosulfan and fludarabine, busulfan and cyclophosphamide, or busulfan and fludarabine,
and then underwent HSCT.

Abbreviations: HSCT: haematopoietic stem cell transplant; OS: overall survival; RFS: relapse-free survival.
Source: Bar et al. (2014)3

MRD- status prior to HSCT is associated with stronger post-transplant outcomes, improving the
risk/benefit ratio. Despite the poorer post-transplant outcomes for patients who have MRD+,
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HSCT is still considered to be the best available treatment option for these patients due to the
substantial risk of relapse faced by this population and because HSCT is the only treatment to be
potentially curative.' 22 However, MRD+ patients are at a high risk of relapse and treatments that
delay or postpone relapse could facilitate an increase in the number of transplants, as fewer
patients would relapse before identifying suitable donors. Furthermore, treatments that achieve
MRD negativity and demonstrably sustain this response over time could conceivably be
considered a suitable alternative to transplant in clinical practice in future.

Ultimately, BCP-ALL patients who do experience a haematological relapse not only face
imminent risk of death, but also a substantial reduction in HRQoL; in the large Phase Il TOWER
trial in adults with relapsed or refractory BCP-ALL, more than 50% of patients reported being
more than moderately tired and physically weak at baseline; at least 25% of patients reported
their tiredness and physical weakness to be greater than ‘quite a bit’ at baseline, and at least
25% of patients had joint or bone pain, were unable to eat, and had night sweats sometimes over
the last 7 days.3®

Furthermore, the economic burden of BCP-ALL is high due to the increased healthcare resource
use, including lengthy and repeated hospitalisations; in a French study, during the period of
salvage chemotherapy adults with relapsed or refractory BCP-ALL spend almost half of their time
(46%) in hospital, resulting in high healthcare resource use and costs, and increasing the burden
on the healthcare system.?” Similar studies in Belgium, Germany, Italy, Spain, and the US found
that adults with relapsed or refractory BCP-ALL spent more than half their time in hospital,
placing a significant economic burden on the healthcare system.38-42

A summary of the burden of MRD in BCP-ALL is presented in Figure 6.

Figure 6. Burden of MRD in BCP-ALL

Imminent risk of death

Increased risk

of relapse*® HRQL decrement
with MRD SICTRNRSE Substantial costs
cR of death®

Increased risk
of HSCT failure*

Footnotes: 2Compared with adult BCP-ALL patients in haematological CR and MRD-. Schematic is based on
published evidence.5 19 3743

Abbreviations: BCP-ALL: B-cell precursor ALL; HRQoL: health-related quality of life; HSCT: haematopoietic stem
cell transplant.

Achievement of MRD- status correlates positively with CR duration, reduced risk of relapse, and
increased success of HSCT (and therefore the chance of achieving a cure for ALL);2% 26
therefore, reducing and maintaining MRD below the lower limit of quantification (LLOQ) is the
optimal treatment goal for MRD+ BCP-ALL patients in haematological CR.

B.1.3.2 Treatment aims and current treatment options

The primary treatment goal for BCP-ALL is to achieve a cure through sustained MRD negativity
(below the lower limit of quantification, i.e. 10#) and maintained haematological CR, which is
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defined as a bone marrow blast level of < 5% (i.e. undetectable by light microscopy);' currently

most long-term survivors achieve such a cure by undergoing HSCT. Given the high relapse rate
among MRD+ BCP-ALL patients, an MRD- haematological CR (i.e., molecular CR) status is the
optimal outcome, as shown in Figure 7." Currently, no approved treatments exist specifically for
MRD+ BCP-ALL patients in haematological CR.

Figure 7. Treatment goal for ALL

CR with MRD

Induction/
consolidation
therapy

No CR
(refractory)

Footnotes: 2Timing of MRD assessment varies depending on treatment protocol used and can include end of
induction and post-induction phase; PThe decision to send eligible patients to HSCT is dependent on several
factors, including presence of other high-risk factors; the role of HSCT in high-risk patients in haematological CR
without MRD is not confirmed.’

Abbreviations: CR: haematological complete remission; HSCT: haematopoietic stem cell transplant; MRD:
minimal residual disease.

Currently, treatments used to induce haematological remission in adult patients with Ph-negative
ALL are typically comprised of blocks of multi-agent therapy regimens with different combinations
or variations of cytotoxic, antineoplastic, and other agents.?® 44, In addition, intrathecal
chemotherapy, with or without radiation to the brain, forms part of the treatment regimen to treat
or prevent central nervous system (CNS) relapse. Ph-positive ALL is typically treated with similar
agents with the addition of a tyrosine kinase inhibitor (TKI). The choice of initial
chemotherapeutic agents depends on several factors, including the adverse event profile of
therapeutic options, patient comorbidities, performance status, regional practice pattern, and
physician preference. In the UK, treatment of newly diagnosed ALL is based primarily on the
UKALL14 trial,*® as described in more detail in Section B.1.3.3.

Although more than 80% of patients achieve haematological CR after induction therapy, up to
44% of patients will relapse at a median of 11 months from the start of treatment,'® as described
in Section B.1.3.1.2° 46 Furthermore, chemotherapies used in the treatment of ALL are highly
toxic and patients who relapse may not be able to tolerate a new round of intensive salvage
chemotherapy. Rates of adverse events (AEs) with chemotherapies to treat relapsed ALL are
high: a systematic review of AEs in trials of chemotherapy regimens for relapsed or refractory
BCP-ALL found that almost all patients treated with standard combination chemotherapy
regimens experienced haematological toxicity (cytopaenia, neutropaenia, thrombocytopaenia)
and rates of grade =3 haematological toxicity were high for most treatments. Infections were a
common toxicity; mucositis and gastrointestinal toxicities were also common.*’

MRD status is a major predictive factor for relapse among patients in haematological CR, and as
described in Section B.1.3.1, a weighted analysis of prospective, multicentre trials determined
that 36% of patients who achieve haematological CR maintain MRD+ status after front-line
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chemotherapy.'? Therefore, the majority of study groups in Europe recommend allogeneic HSCT
for eligible patients with MRD+ ALL after consolidation treatment, as this is the most intensive
and potentially curative treatment option.! Unfortunately, the outcome of allogeneic HSCT in
MRD+ patients is suboptimal; in a study of patients who underwent allogeneic HSCT, patients
who were MRD+ prior to HSCT demonstrated a 36-month OS of 49%, compared to 80% in
patients who were MRD- prior to HSCT.*® Similarly, the cumulative incidence of post-HSCT
relapse for patients who are MRD+ prior to HSCT is 46% compared to 0% for patients who are
MRD- prior to HSCT.#® Therefore, achieving MRD- status in these patients could be expected to
improve patient survival. In addition, the use of HSCT as a treatment option in BCP-ALL is
variable across clinical practice due to clinician and patient preferences, particularly in light of the
risk associated with undergoing transplantation and the poor post-transplant outcomes
associated with HSCT in patients who are MRD+. Furthermore, not all patients are suitable
candidates for HSCT, due to, for example, age, medical comorbidities, or lack of a suitably-
matched donor." Therefore, for those MRD+ patients not eligible for HSCT, current guidelines
recommend the continuation of first-line chemotherapies, which are ineffective in eliminating
MRD, thereby leaving patients at high risk of relapse, and which are associated with a substantial
adverse event profile.25 46

The prognosis for MRD+ BCP-ALL patients in haematological CR is extremely poor, yet current
chemotherapy options are highly toxic and ineffective at achieving MRD negativity.26 29 46
Furthermore, there are no treatment options specifically indicated for MRD+ BCP-ALL aside from
HSCT, which itself is associated with substantial morbidity and mortality.*>5° The presence of
MRD in a patient with haematological CR is recognised as the most important predictive factor
for relapse and death.*® While allogeneic HSCT is an option, some patients are ineligible (due to
age, comorbidities or lack of donor), and MRD+ patients have a significantly higher risk of
relapse post-transplant than MRD- patients.*®

Therefore, MRD+ patients have limited treatment options to prevent haematological relapse, and
as such possess an extremely poor prognosis and substantial increase in the risk of death.5°

There is, therefore, a high unmet need for a targeted, effective treatment option that can achieve
MRD negativity and sustain haematological CR, in addition to improving post-HSCT outcomes,
and reducing chemotherapy-associated toxicities in BCP-ALL patients.

B.1.3.3 Clinical guidelines and treatment pathway

Clinical Guidelines

There are currently no published NICE clinical guidelines relevant to the management of adult
MRD+ BCP-ALL.

Pegaspargase was recommended in NICE TA408 as a treatment option for children, young
people, and adults with ALL, but the manufacturer submission and subsequent recommendation
was limited to patients with newly-diagnosed disease.®! This technology appraisal is therefore
not considered relevant to the current appraisal.

Two other potentially-relevant NICE TAs are planned/in development:

o ‘Erythrocyte encapsulated asparaginase for treating acute lymphoblastic leukaemia in adults
and children after treatment with Escherichia coli-derived asparaginase’ (for the treatment of
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people with ALL who are intolerant or allergic to asparaginase, or have disease that has
relapsed on asparaginase treatment) [ID864]. Suspended as of 28 October 2016

e ‘Inotuzumab ozogamicin for treating relapsed or refractory acute lymphoblastic leukaemia’
[ID893].

The European Society for Medical Oncology (ESMO) guidelines for ALL describe the importance
of MRD testing, and the achievement of MRD- status as the most relevant predictive factor for
disease-free survival and OS. The guidelines recommend MRD testing at the end of induction
therapy and in the post-induction phase to evaluate treatment response, and every 3 months in
the follow-up of asymptomatic patients. However, these guidelines do not suggest treatment
options for patients in MRD+ haematological CR beyond HSCT and standard chemotherapy
regimens.’

Treatment Pathway

As described previously, treatment of ALL in the UK is typically based on the UKALL14
protocol.*® Treatment begins with induction therapy, the primary goal of which is the complete
eradication of ALL cells from the blood, bone marrow and CNS or other extramedullary sites
(when initially involved). This should be achieved as rapidly as possible in order to start post-
haematological remission consolidation therapy. For Ph-negative ALL, induction therapy involves
three sequential, connected steps: a pre-phase, induction | and induction Il, with the latter
applied regardless of CR after induction |.

Newly diagnosed BCP-ALL patients are first treated with a steroid pre-phase of 5-7 days,
followed by induction I, in which all patients (regardless of phenotype) receive daunorubicin,
vincristine, dexamethasone, PEG-asparaginase and methotrexate. Treatment then progresses to
induction I, with all patients receiving cyclophosphamide, cytarabine, mercaptopurine and
methotrexate. Patients achieving haematological CR at this stage may then progress to HSCT (if
considered high risk, e.g. MRD+, clinically eligible, willing to undergo HSCT and a suitable donor
is available), with or without intensification. Intensification therapy consists of methotrexate and
PEG-asparaginase. Consolidation therapy is given to patients not eligible for HSCT, with 4 cycles
variously utilising cytarabine, etoposide, PEG-asparaginase, methotrexate, daunorubicin,
vincristine, dexamethasone, cyclophosphamide, cytarabine and mercaptopurine. Finally,
maintenance therapy consisting of vincristine, prednisolone, mercaptopurine and methotrexate is
given for 2 full years. Ph+ patients additionally receive daily imatinib throughout the induction,
intensification, consolidation and maintenance phases of treatment.*®

MRD testing

As described above, treatment guidelines show that MRD testing is an essential part of the
patient management process for ALL."- 28 A recent survey of physicians in the UK also affirms the
importance and widespread implementation of MRD testing in current NHS practice.>> MRD can
be evaluated in approximately 95% of patients with ALL.%3 Although there is not a universally
established measure of MRD, it is commonly defined as the presence of 0.01% (104) or more
ALL cells in the bone marrow.2" 228 However, clinical studies have defined MRD using various
thresholds and time points.

Recommendations on the minimum technical requirements for assessing MRD were developed
by a consensus development workshop in 2008.54 A number of different technologies are
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available to measure MRD, with varying specificity and sensitivity.? %355 The most common
methods include:5

e Multicolour flow cytometry to detect abnormal immunophenotypes, with a sensitivity of 10-3 to
10 for 3 to 4 colour flow cytometry and 10 to 10-° for 6 to 9 colour flow cytometry

e Real-time quantitative polymerase chain reaction (RT-gPCR) assays to detect clonal
rearrangements in Ig heavy chain genes, and/or TCR genes, with a sensitivity of 10 to 10

e RT-gqPCR assays to detect fusion genes (e.g., BCR-ABL), with a sensitivity of 10 to 10®

Although treatment guidelines for ALL recommend MRD testing to be routinely conducted in
patients in haematological CR, global consensus has not yet been reached on precisely when to
test for MRD. The US National Comprehensive Cancer Network (NCCN) guidelines recommend
that patients who experience a haematological CR after induction therapy should be monitored
for MRD on completion of initial induction and at additional time points depending on the regimen
used.?® Similarly, ESMO guidelines recommend MRD testing at the end of induction therapy and
in the post-induction phase to evaluate treatment response, and every 3 months in the follow-up
of asymptomatic patients.’

There is, however, an apparent consensus on MRD testing patterns in the NHS, as found in a
recent survey of clinical practice in the UK, which confirmed the importance and prevalence of
MRD testing of BCP-ALL patients. A group of 20 physicians were recruited, the majority of whom
participated in research (75%), and who usually treated their patients according to the UKALL14
research protocol (70%). The survey found that among patients who achieved CR with front-line
treatment (CR1), MRD testing was conducted in 70% of their patients. For patients who achieved
CR2 or later, MRD testing was reported in 58% of patients.>?

An initial prognostic MRD test most commonly commenced 4—-8 weeks after the start of induction
therapy (79%). Following the prognostic MRD test, the median estimate for the number of post-
CR MRD tests in an individual patient over the subsequent 12 months was four for patients who
were MRD- with Ph- disease, or MRD- or MRD+ with Ph+ disease, and three for patients who
were MRD+ with Ph- disease. The average reported frequency of testing was every 3 months for
patients who were MRD-, irrespective of Ph status, every 5 months for patients who were MRD+
with Ph- disease, and every 4 months for patients who were MRD+ with Ph+ disease. The
majority of physicians (56—67% depending on Ph and MRD status) stated that the number of
tests aligned with the protocol they followed.%?

These findings demonstrate current widespread use of MRD testing throughout treatment of
BCP-ALL in the NHS. Overall, there is value in the measurement of MRD status as early as
possible and over multiple timepoints through the treatment process; Briiggemann et al. (2006)
determined that identifying MRD status at different times resulted in differing outcomes, with
those achieving MRD negativity during induction experiencing improved RFS and OS than those
achieving MRD negativity after induction.?8

While international and local guidelines differ on the timing of MRD testing, the available clinical
evidence demonstrates the importance of determining MRD status and achieving MRD
negativity; in their meta-analysis of more than 13,000 patients, Berry and colleagues (2017)
demonstrated significantly better event-free survival and OS in patients who achieve MRD-
status, irrespective of disease sub-type or MRD testing method.3* Therefore, clinical practice
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should aim to identify MRD status as early as possible in the treatment pathway and target
treatment towards achieving MRD negativity as early as possible.

B.1.3.4 Proposed use and positioning of blinatumomab

Blinatumomab is the first and only drug indicated specifically for MRD+ BCP-ALL patients in
haematological CR. The marketing authorisation for blinatumomab is anticipated to encompass
both the Ph-negative and Ph-positive populations; however, due to the orphan nature of MRD+
BCP-ALL, comparative efficacy data are only available in the Ph-negative population in first CR
(CR1), which is a considerably larger sub-population than the Ph-positive group (<5% patients
Ph+ in BLAST). As such, while the cost effectiveness evidence presented in Section B.3
considers only the Ph-negative CR1 population, due to the substantial unmet need across both
Ph-negative and Ph-positive sub-populations, blinatumomab should be considered for use in
alignment with its full anticipated marketing authorisation.

The comparator included in this submission, retreatment with combination chemotherapy, is
aligned with the final NICE scope (see Section B.1.1), and with UK clinical practice (the
UKALL14 protocol, as described in Section B.1.3.3). Consequently, HSCT is not considered a
comparator in this submission, implicitly assuming that blinatumomab will not displace HSCT and
is instead likely to be used prior to HSCT in patients eligible to undergo transplant or to delay the
need for HSCT. Nonetheless, by achieving and sustaining MRD negativity over time,
blinatumomab may conceivably delay transplant indefinitely in clinical practice in future.

Blinatumomab is currently licensed and NICE-approved in the relapse/refractory setting and will
be the first drug indicated specifically for BCP-ALL patients in MRD+ haematological CR. Given
the high unmet need in this rare condition, UK clinical expert opinion consistently supports the
use of blinatumomab as early as possible in the treatment pathway, with initiation after front-line
chemotherapy (i.e. after 2 induction cycles) considered to be the most appropriate timepoint. In
clinical practice, blinatumomab is expected to displace continued chemotherapy regimens and/or
be used prior to transplantation depending on the most appropriate treatment pathway for the
patient. Subsequent use of blinatumomab to treat MRD positivity in later remission states or as a
salvage therapy is not anticipated if blinatumomab is used in the aforementioned setting.

A maijor benefit of blinatumomab is the ability to achieve sustained MRD response, which is
associated with an improved prognosis independent of transplant, and a reduction in toxicities
associated with conventional chemotherapy regimens; in addition, blinatumomab improves
prognosis in patients post-HSCT. By substantially improving survival and post-HSCT outcomes,
blinatumomab is expected to substantially increase the number of patients being cured of ALL.

As no other treatment options are specifically indicated for MRD+ BCP-ALL patients in
haematological CR beyond continued chemotherapy, blinatumomab offers hope to patients and
a targeted and effective therapeutic option to prescribers; blinatumomab is not just another
incremental expansion of the therapeutic armamentarium for ALL but represents a significant
paradigm shift in treatment for this rare and deadly disease. Treatment with blinatumomab
eradicates MRD in a high proportion of patients, resulting in improved and sustained RFS and
OS, and substantially increases the likelihood for patients to achieve a potential cure.
Blinatumomab is, therefore, expected by clinicians consulted by Amgen to become the SoC for
this population.
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B.1.4 Equality considerations

No equality issues relate to the use of blinatumomab for the treatment of adult MRD+ BCP-ALL
patients in haematological CR.
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B.2 Clinical effectiveness

Summary of Clinical Effectiveness

o A systematic literature review was conducted, and 3 relevant studies were captured:
o0 Two single-arm studies (MT103-202, BLAST) and one historical comparator study (Study
20120148)
e The pivotal single-arm trial, BLAST, demonstrated blinatumomab to reduce MRD below the

LLOQ (usually 104, as shown in Table 10) in 78% of MRD+ BCP-ALL patients in haematological
CR within the first cycle.

e Patients who achieved complete MRD response with blinatumomab had 17.9 months longer
median haematological RFS and a median OS more than triple that of patients who did not.
o Patients treated with blinatumomab in first haematological remission had more than double the
median haematological RFS of those in later remissions.
e Blinatumomab offers durable complete MRD responses, with a median duration of 17.3 months.
e The highly effective results of blinatumomab treatment were also reflected in the pilot Phase |l
trial (MT103-202; n=20):
0 80% of evaluable patients achieved MRD response, with all MRD responses having been
observed within the first treatment cycle.
0 Median duration of complete MRD response for patients was 13.0 months.
o Median haematological RFS had not been reached after a median follow-up time of 1550
days (> 4 years).
o After up to 5.9 years follow-up 52.6% of patients treated with blinatumomab remained
relapse-free.
e Due to the single-arm nature of BLAST, a historical comparator study was performed to provide

a selected and well-matched cohort of patients treated with SoC, therefore permitting
comparison to blinatumomab using propensity score analysis.

e Compared to a historical cohort treated with SoC, blinatumomab reduces the risk of
haematological relapse or death by [JJJ il . and more than quintuples the median RFS in
MRD+ BCP-ALL patients in haematological CR.

¢ Blinatumomab reduces the risk of death by - and - the median OS in MRD+ BCP-
ALL patients in haematological CR.

¢ A higher proportion of blinatumomab-treated patients underwent, HSCT than historical
control patients receiving SoC chemotherapy

e Results were similar when patients were censored at HSCT, demonstrating that achievement of
MRD negativity is an independent predictive factor for positive outcomes.

e No new safety signals were observed in patients pooled from BLAST and MT103-202, beyond
the existing safety profile of blinatumomab.

¢ Neurological events occurred in patients receiving blinatumomab, however, more than two thirds
of the neurological adverse events associated with blinatumomab were mild to moderate and
decreased over time.

B.2.1 Identification and selection of relevant studies

See Appendix D for full details of the process and methods used to identify and select the clinical
evidence relevant to the technology being appraised.

B.2.2 List of relevant clinical effectiveness evidence
Two Amgen-sponsored Phase Il trials and a retrospective historical cohort were identified in the
SLR that evaluated the treatment of adult MRD+ BCP-ALL patients in haematological CR:
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e BLAST, a confirmatory, single-arm, open-label, international, multicentre study of 116 patients
across 10 European countries®®

e MT103-202, a pilot, single-arm, open-label, multicentre study of 21 patients in Germany®’

e Historical cohort, a retrospective study of 182 patients designed to provide a well-matched
cohort to the BLAST population®®

Summaries of the blinatumomab clinical trials are provided in Table 5, Table 6, and Table 7
below.

Table 5: Clinical effectiveness evidence: BLAST

Study BLAST (2014)> %6

Study design Phase Il, single-arm, open-label, international, multicentre

Population Adult MRD+ BCP-ALL patients in haematological CR after front-line
therapy

Intervention(s) Blinatumomab 15 pg/m?day continuous infusion

Comparator(s) None

Indicate if trial supports Yes Indicate if trial used in Yes

application for marketing the economic model

authorisation

Rationale for use/non-use | BLAST was used in the economic model as it is the primary study

in the model presented in this submission, and includes the largest population of
MRD+ BCP-ALL patients receiving blinatumomab
Repo.rFed 'outcomes' ) e Proportion of patients who achieved a complete MRD response
specified in the decision within 1 cycle of blinatumomab
problem o Haematological RFS rate at 18 months* following initiation
of blinatumomab
o OSt
e Mortality rate within 100 days after allogeneic HSCT
e TTHR

e Duration of complete MRD response
o Effect on MRD level
e Overall incidence and severity of adverse effects

o Patient’s quality of life during and after therapy (change
from baseline in EORTC-QLQ-C30 and EQ-5D)

All other reported NA
outcomes

Footnotes: *A patient-level analysis was used to assess RFS over the length of the trial follow-up in the
economic analysis, and therefore also used additional timepoints. TA patient-level analysis was also performed
to assess OS in the economic analysis.

Abbreviations: BCP: B-Cell Positive; ALL: Acute Lymphoblastic Leukaemia; CR: Complete Response; MRD:
Minimal Residual Disease; RFS: Relapse-Free Survival; OS: Overall Survival; HSCT: Haematopoietic Stem Cell
Transplantation; TTHR: Time to Haematological Relapse; EORTC-QLQ-C30: European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire-C30; EQ-5D: EuroQol-5D.

Source: BLAST Key Secondary Analysis CSR5%®
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Table 6: Clinical effectiveness evidence: Pilot

Study MT103-202%
Study design Phase Il, single-arm, open-label, multicentre
Population Adult MRD+ BCP-ALL patients in haematological CR after front-line

therapy

Intervention(s)

Blinatumomab 15 pg/m?/day continuous infusion

Comparator(s)

None

Indicate if trial supports
application for
marketing authorisation

Indicate if trial used in No
the economic model

Yes

Rationale for use/non-
use in the model

MT103-202 is not included in the economic model, as the
confirmatory BLAST trial assessed blinatumomab in the same
indication and a clinically similar population. MT103-202 is, however,
included briefly in Section B.2.6.2 as a source of additional clinical
data

Reported outcomes
specified in the decision
problem

e Proportion of patients who achieved a complete MRD response
within 4 cycles of blinatumomab

¢ MRD response after any cycle
e TTHR

e MRD progression

e MRD relapse after any cycle

All other reported
outcomes

NA

Abbreviations: BCP: B-Cell Positive; ALL: Acute Lymphoblastic Leukaemia; CR: Complete Response; MRD:
Minimal Residual Disease; RFS: Relapse-Free Survival; OS: Overall Survival; HSCT: Haematopoietic Stem Cell
Transplantation; TTHR: Time to Haematological Relapse; EORTC-QLQ-C30: European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire-C30; EQ-5D: EuroQol-5D.

Source: MT103-202 CSR®”
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Table 7. Clinical effectiveness evidence: Historical comparator

Study 20120148%

Study design Retrospective, single-arm, international, multicentre

Population Adult Ph-negative MRD+ BCP-ALL patients in haematological CR

Intervention(s) Standard of care chemotherapy regimens, according to national
treatment or study group protocols

Comparator(s) None

Indicate if trial supports | No Indicate if trial used in Yes

application for the economic model

marketing authorisation

Rationale for use/non- Study 20120148 was designed to provide a well-matched patient

use in the model population treated with SoC, and was compared to BLAST using
propensity score matching to inform the economic model

Reported outcomes e Haematological RFS rate

specified in the decision | | g

problem

All other reported NA

outcomes

Abbreviations: BCP: B-Cell Positive; ALL: Acute Lymphoblastic Leukaemia; CR: Complete Response; MRD:
Minimal Residual Disease; RFS: Relapse-Free Survival; OS: Overall Survival.
Source: Study 20120148 CSR%8

MT103-202 was not used to populate the economic model but is included in sections 2.2 to 2.6.
The results of this study support the findings presented for BLAST, which was a confirmatory
study that followed the pilot MT103-202 study. This study was not included in the economic
model because BLAST provides a much larger sample of MRD+ BCP-ALL patients treated with
blinatumomab.

The historical comparator study was designed to provide a well-matched population of MRD+
patients treated with SoC, and was used to inform the comparative efficacy of blinatumomab
using propensity score matching, as described in Section B.2.9.

B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

B.2.3.1 Summary of trial methodology

Details of the BLAST and pilot (MT103-202) studies are presented in this section; the historical
comparator study (20120148) is presented in detail in Section B.2.9.

BLAST

BLAST was a Phase ll, single-arm, open-label, multicentre trial to assess the efficacy, safety and
tolerability of blinatumomab in adult patients with MRD+ BCP-ALL. An overview of the BLAST
study design is presented in Figure 8. All patients in the study were intended to receive at least 1
and up to a maximum of 4 cycles of blinatumomab. A cycle was defined as a continuous
intravenous (clV) infusion at a constant dose of 15 ug m=2 day™' over 4 weeks, followed by an
infusion-free period of 2 weeks. The minimal criterion for inclusion in the Full Analysis Set (FAS),
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which is consistent with the intention-to-treat principle in single-arm open-label studies, was 1
dose of blinatumomab.5¢

Upon completion of 1 cycle of treatment, all patients were assessed for the primary endpoint of
MRD response rate. Those patients who were not candidates for allogeneic HSCT could
continue treatment for up to 4 cycles; these patients were followed for efficacy, including bone
marrow assessments, every 3 months for 2 years, then for survival follow-up every 6 months until
5 years after treatment start. Patients who were candidates for allogeneic HSCT could proceed
to allogeneic HSCT immediately or after additional cycles of blinatumomab, for up to a maximum
total of 4 cycles. For these patients, 100-day post-transplant mortality, 2-year efficacy and
survival follow-up were assessed.6

Figure 8. Overview of study design for BLAST

Cycle 1
*  4-week continuous IV infusion with 15 pg/m2/day blinatumomab followed by a 2-week
infusion-free interval
* Haematological relapse leading to permanent treatment discontinuation

\4

Primary endpoint assessment

\ 4

Subjects not eligible for allogeneic Subjects eligible for allogeneic HSCT
HSCT (e.g. elderly or no matching donor) + Up to 3 additional cycles of treatment
+ 3 additional cycles of treatment until transplantation
* Haematological relapse leading to » Allogeneic HSCT (e.g. as soon as
permanent treatment discontinuation matching donor is available)

\4

100-day HSCT -related mortality

v y

2-year follow-up visits for efficacy 2-year follow-up data collection for
* Bone marrow assessments 3-monthly efficacy
during the first year until month 12, and + Available bone marrow assessments 3-
at 18 and 24 months after treatment monthly during the first year until month
start 12, and at 18 and 24 months after
treatment start collected from treated
physician

Survival follow-up
+ 6-monthly phone contacts for overall and leukaemia-free survival

Abbreviations: 1V: Intravenous; HSCT: Haematopoietic Stem Cell Transplantation.
Source: BLAST Key Secondary Analyses CSR Figure 8-156

A schematic of the study design of BLAST in presented in Figure 9. Patients were treated for up
to 4 cycles, unless haematological relapse occurred. A safety follow-up was performed 30 days
after the end of the last infusion. Efficacy follow-ups occurred until 24 months after treatment
start. After completion of the 2-year follow-up for haematological RFS, patients or their treating
physicians were contacted by phone at least every 6 months for overall and leukaemia-free
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survival follow-up until death or at least 5 years after treatment start, whichever occurred
earlier.%

Figure 9. Schematic of study design for BLAST
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follow-up

Footnotes: 2Efficacy follow-up visits at months 9, 12, 18, and 24 (+ 2 weeks); "Survival follow-up visits by phone
at months 30, 36, 42, 48, 54, and 60 (+ 4 weeks); “Administration of up to 4 cycles of blinatumomab treatment at
15 ug/m?/day, discontinuation of treatment due to haematological relapse; Patients were hospitalised for at least
3 days after the start of treatment during cycle 1 and for at least 2 days after the start of treatment during subsequent
cycles of treatment.

Source: BLAST Key Secondary Analyses CSR Figure 8-256

Eligibility criteria

The inclusion and exclusion criteria for patients entering the BLAST study are listed in Table 8
below.

Table 8. Inclusion and exclusion criteria for patients in BLAST
BLAST

Inclusion criteria Patients were eligible for inclusion in the study only if all the following
criteria applied:

e Patients with B-precursor ALL in complete haematological remission
defined as less than 5% blasts in bone marrow after at least three
intense chemotherapy blocks (e.g., GMALL induction I-ll/consolidation
I, induction/intensification/consolidation or three blocks of Hyper
CVAD)

e Presence of MRD at a level of 2103 (molecular failure or molecular
relapse) in an assay with a sensitivity and a lower level of
quantification of 10* documented after an interval of at least 2 weeks
from last systemic chemotherapy

e For evaluation of MRD, patients must have had at least one molecular
marker based on individual rearrangements of immunoglobulin or
TCR-genes or a flow cytometric marker profile evaluated by a national

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 37 of 285



or local reference lab approved by the sponsor

e Bone marrow specimen from primary diagnosis (enough DNA [30 pg]
or a respective amount of cell material) for clone-specific MRD
assessment must have been received by central MRD lab and lab
must have confirm that the sample is available

e Bone marrow function as defined below:
0 ANC (Neutrophils) 21,000/uL
o0 Platelets 250,000/uL (transfusion permitted)
0 HB level 29¢g/dl (transfusion permitted)
e Renal and hepatic function as defined below:
o AST (GOT), ALT (GPT), and AP <2 x ULN
o0 Total bilirubin <1.5 x ULN
0 Creatinine clearance 250 mL/min (calculated e.g. per Cockroft &
Gault)
¢ Negative HIV test, negative hepatitis B (HbsAg) and hepatitis C virus
(anti-HCV) test
e Negative pregnancy test in women of childbearing potential
e ECOG Performance Status 0 or 1
e Age 218 years

e Ability to understand and willingness to sign a written informed
consent

e Signed and dated written informed consent

Exclusion criteria

Patients were excluded from participation in the study if any of the
following criteria applied:

e Presence of circulating blasts or current extra-medullary involvement
by ALL

e History of relevant CNS pathology or current relevant CNS pathology
(e.g. seizure, paresis, aphasia, cerebrovascular
ischemia’/haemorrhage, severe brain injuries, dementia, Parkinson's
disease, cerebellar disease, organic brain syndrome, psychosis,
coordination or movement disorder)

e Current infiltration of cerebrospinal fluid by ALL
e History of or active relevant autoimmune disease
e Prior allogeneic HSCT

o Eligibility for treatment with TKIs (i.e., Philadelphia chromosome-
positive (Ph+) patients with no documented treatment failure of or
intolerance/contraindication to at least 2 TKIs)

e Systemic cancer chemotherapy within 2 weeks prior to study
treatment (except for intrathecal prophylaxis)

e Radiotherapy within 4 weeks prior to study treatment
e Autologous HSCT within six weeks prior to study treatment

e Therapy with monoclonal antibodies (rituximab, alemtuzumab) within 4
weeks prior to study treatment

e Treatment with any investigational product within four weeks prior to
study treatment

e Previous treatment with blinatumomab

¢ Known hypersensitivity to immunoglobulins or to any other component
of the study drug formulation

¢ History of malignancy other than ALL within five years prior to
treatment start with blinatumomab, except for basal cell or squamous
cell carcinoma of the skin, or carcinoma "in situ" of the cervix

o Active infection, any other concurrent disease or medical condition
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that are deemed to interfere with the conduct of the study as judged by
the investigator

¢ Nursing women or women of childbearing potential not willing to use
an effective form of contraception during participation in the study and
at least 3 months thereafter or male patients not willing to ensure
effective contraception during participation in the study and at least
three months thereafter

Abbreviations: ALL: Acute Lymphoblastic Leukaemia; GMALL: German Multicentre ALL Working Group; CVAD:
Cyclophosphamide, Vincristine, Doxorubicin (Adriamycin) and Dexamethasone; TCR: T-Cell Receptor; DNA:
Deoxyribonucleic Acid; MRD: Minimal Residual Disease; ANC: Absolute Neutrophil Count; HB: Hemoglobin; AST:
Aspartate Aminotransferase; GOT: Glutamic Oxaloacetic Transaminase; ALT: Alanine Aminotransferase; GPT:
Glutamic-Pyruvic Transaminase; ULN: Upper Limit of Normal; HIV: Human Immunodeficiency Virus; HCV:
Hepatitis C Virus Test; ECOG: Eastern Cooperative Oncology Group; CNS: Central Nervous System; HSCT:
Haematopoietic Stem Cell Transplantation; TKI: Tyrosine Kinase Inhibitor.

Source: BLAST Study Protocol®®

Settings and locations where the data were collected

BLAST was conducted in a secondary care (hospital) setting at 46 centres in Austria, Belgium,
Czech Republic, France, Germany, Italy, Netherlands, Romania, Russia, Spain, and the United
Kingdom. Seven patients (6.0%) were enrolled in the United Kingdom.>¢

Trial drugs and concomitant medications

A detailed overview of BLAST study drugs and required, permitted and disallowed concomitant
medications is provided in Table 9 below.

Patients could have received up to 4 consecutive cycles of blinatumomab. A cycle consisted of a
clV infusion at a dose of 15 pg/m?/day at a constant flow rate over 28 days followed by an
infusion-free interval of 14 days, which could have been prolonged for up to 7 days, if necessary.
Patients in haematological remission generally could receive up to 4 cycles of treatment,
independently from achieving complete MRD response.>® While a dosing schedule based on
body surface area was used to evaluate blinatumomab in BLAST, a fixed dose regimen of 15
ug/m? day was found to result in similar drug exposure in blinatumomab trials for other
indications, and the SmPC therefore recommends this fixed dose regimen for adults at least 45
kg in weight.8

In the case of neurologic (central nervous system) grade 3 adverse events, it was permitted to
temporarily stop the treatment without discontinuing the study. If the event decreased to at least
grade 1 within 1 week, treatment could be restarted again at a reduced blinatumomab dose of 5
pg/m?/day within 2 weeks (but not earlier than 72 hours) after the infusion was stopped. In the
case of interruption due to a clinically-relevant grade 2 neurological event, treatment could be
restarted at either the original dose or the reduced dose of 5 ug/m?/day after the adverse event
decreased to at least grade 1, at the investigator’s discretion. However, after dose reductions
due to neurologic adverse events, re-escalation back to 15 pg/m?/day was not permitted.5®

If patients were suitable for allogeneic HSCT after treatment with at least 1 cycle of
blinatumomab, they may have undergone allogeneic HSCT instead of receiving further cycles
with blinatumomab. In the event of haematological relapse within the treatment period, treatment
with blinatumomab was terminated.5®
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Table 9. Overview of BLAST study drugs and concomitant medications

Permitted
concomitant
medications

Prior to the start of cycle 1:

e CSF prophylaxis (intrathecal triple combination) consisting of:
dexamethasone 4 mg or equivalent, methotrexate 15 mg, cytosine
arabinoside 40 mg administered during the screening period (prior to the
baseline bone marrow assessment for MRD, unless this sequence was not
feasible based on clinical considerations by the investigator) or within 4
weeks prior to study drug treatment, when done within clinical routine and at
least consisting of methotrexate 15 mg

e A corticosteroid (prednisone 100 mg IV or equivalent) administered within 1
hour before treatment start on day 1

Prior to the start of subsequent cycles:

e A corticosteroid (prednisone 100 mg IV or equivalent) administered within 1
hour before treatment start on day 1

During the treatment period:

¢ In case of neurologic events dexamethasone was administered orally at a
dose of at least 24 mg/day for up to 3 days. The dose was then step-wise
reduced over the next 4 days. If the neurologic event was a seizure,
appropriate prophylactic anticonvulsant treatment with a therapeutic dose
(e.g. phenytoin or levetiracetam) administered during restart and during start
of the following new treatment cycle

Following treatment cycles 2 and 4 immediately after bone marrow

aspiration (Day 29):

e A CSF prophylaxis consisting of an intrathecal triple combination regimen at
absolute doses of 4 mg dexamethasone or equivalent, 15 mg methotrexate,
and 40 mg cytosine arabinoside, unless this sequence was not feasible
based on clinical considerations by the investigator

After completion of study treatment for patients who did not undergo

HSCT:

e CSF prophylaxis was recommended every 3 months until at least month 18
and per the physician’s discretion thereafter

For patients with a high risk for CMV infection (i.e. prior CMV

reactivation), one of the following measures was performed:

¢ Intensive (twice weekly) CMV-PCR follow-up with early therapeutic
intervention if positive, or prophylactic CMV treatment

Disallowed
concomitant
medications

The following medication and therapies were prohibited during the
study until end of efficacy period:
¢ Any anti-tumour therapy other than the investigational product:

o0 Cytotoxic and/or cytostatic drugs

o Radiation therapy

o0 Immunotherapy

¢ Any other investigational agent

e Chronic systemic high-dose corticosteroid therapy (i.e. > 20 mg prednisone
daily)

e Any other immunosuppressive therapies (except for protocol mandated
interventional corticosteroids)

¢ Non-steroidal anti-inflammatory drugs (except for metamizole and/or
naproxen), as they may affect the vascular system or, in case of
acetylsalicylic acid, the platelet system. As naproxen can also affect the
platelet system — although less pronounced and/or frequent than
acetylsalicylic acid — it is second choice. Paracetamol/acetaminophen was
allowed

e Tyrosine kinase inhibitors
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Abbreviations:

CSF: Cerebrospinal

Fluid; MRD: Minimal

Residual Disease; IV: Intravenous; HSCT:

Haematopoietic Stem Cell Transplantation; CMV: Cytomegalovirus; PCR: Polymerase Chain Reaction.
Source: BLAST Key Secondary Analysis CSR%

Outcomes used in the economic model or specified in the scope, including primary

outcome

The pre-specified primary, key secondary and other secondary outcomes presented in this
submission are provided in Table 10 below, with the outcomes that are used in the cost

effectiveness analyses in Section B.3 highlighted in bold.

Table 10. Pre-specified primary, key secondary and other secondary outcomes from

BLAST
Outcome Additional information
Primary Proportion of patients who achieve e Complete MRD response was defined
outcome complete MRD response defined by as no PCR amplification of individual
absence of MRD after one cycle of rearrangements of Ig- or TCR-genes
treatment with blinatumomab (the minimum required sensitivity of 1
x 10*) detected after completion of
the first cycle
Key o Haematological relapse-free e Haematological relapse was defined
secondary survival rate at 18 months* as unequivocal detection of > 5%
outcome following initiation of leukaemia cells in bone marrow,

blinatumomab presence of circulating leukaemia
blasts, or extramedullary leukaemia

(whichever occurs first)

Other o OSt e MRD relapse was defined as the

secondary | « Mortality rate within 100 days after reappearance of individual
outcomes allogeneic HSCT rearrangements of Ig- or TCR-genes
e TTHR 2LLOQ (usually 104) for at least 1

) individual marker measured by an
¢ Duration of complete MRD response assay with a sensitivity of minimum
o Effect on MRD level

10 in patients who had achieved
e Overall incidence and severity of complete MRD response
adverse effects

o Patient’s quality of life during and
after therapy (change from
baseline in EORTC-QLQ-C30 and
EQ-5D)

Footnotes: Outcomes highlighted in bold were included in the economic model. *A patient-level analysis was used
to assess RFS over the length of the trial follow-up in the economic analysis, and therefore also used additional
timepoints. TA patient-level analysis was also performed to assess OS in the economic analysis.

Abbreviations: MRD: minimal residual disease; PCR: Polymerase chain reaction; TCR: T cell receptor; OS:
Overall survival; HSCT: haematopoietic stem cell transplant; TTHR: time to haematological relapse; EORTC-QLQ-
C30: EORTC Quality of Life core questionnaire; EQ-5D: EuroQol five dimensions questionnaire; LLOQ: lower limit
of quantification; RFS: relapse-free survival.

Source: BLAST Study Protocol®®

MT103-202 (pilot study)

MT103-202 was designed to evaluate the efficacy and safety of blinatumomab in adult MRD+
BCP-ALL patients in haematological CR after front-line therapy. The study was conducted in
collaboration with the German Multicenter Study group for Adult Acute Lymphoblastic Leukemia
(GMALL) in Germany and is believed to be the first study conducted with an immunotherapy in
this patient population.5”
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Adults (218 years of age) who were MRD+ at a level of at least 1x10# at any point after the first
consolidation chemotherapy block (consolidation I) of front-line therapy were eligible for
enrolment. Exclusion criteria included current extramedullary involvement, a history of (or
current) clinically relevant central nervous system pathology, prior autologous HSCT (within 6
weeks) or allogeneic HSCT (at any time), or chemotherapy or radiotherapy (within 4 weeks). All
eligible patients with a suitable donor were offered HSCT after the first blinatumomab cycle.%’

The primary and secondary outcomes in MT103-202 are listed in Table 11 below.

Table 11. Pre-specified primary, key secondary and other secondary outcomes from

MT103-202
Outcome Additional information
Primary MRD response rate: If Ph+ or t(4;11), response achieved
outcome o Incidence of MRD when Ph or t(4;11) was below
negativity/response within 4 detection limit and individual
. rearrangements of immunoglobulin or
cycles of treatment with TCR genes are below 10*. If Ph and
blinatumomab t(4;11) negative, response achieved
when individual rearrangements of
immunoglobulin or TCR genes are
below 10
Secondary MRD response after any cycle TTHR: defined as > 5% leukaemia
outcomes TTHR cells in bone marrow

MRD progression
MRD relapse after any cycle

Progression: the increase in the MRD
level by 1 log as compared to the
baseline level, which was equal to a
10-fold increase in the number of
MRD cells

Relapse: reappearance of bcr/abl,
and/or t(4;11) translocation at any
detection level, and/or by individual
rearrangements of immunoglobulin or
TCR-genes > 10**for = 1 individual
marker measured by an assay with a
sensitivity of minimum 10

Abbreviations: MRD: minimal residual disease; TCR: T cell receptor; RFS: relapse-free survival.
Source: MT103-202 CSRY’

B.2.3.2 Comparative summary of trial methodology

A summary of the BLAST methodology, as well as the MT103-202 methodology, is included in

Table 12.
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Table 12. Comparative summary of trial methodology

multicentre

Trial number MT103-203 MT103-202
(acronym) (BLAST) (Pilot)
Location e 46 centres in Austria, Belgium, Czech Republic, France, | e 6 centres in Germany
Germany, Italy, Netherlands, Romania, Russia, Spain,
and the United Kingdom
Trial design  Phase Il, single-arm, open-label, international,  Phase Il, single-arm, open-label, multicentre

Eligibility criteria for
participants

e Patients with BCP-ALL in haematological CR after at
least 3 intense front-line chemotherapy blocks and
presence of minimal residual disease at a level of = 10

e Patients with BCP-ALL in haematological CR after at
least 3 intense front-line chemotherapy blocks and
presence of minimal residual disease at a level of =2 10

Settings and locations
where the data were
collected

e Secondary care (hospital) setting

e Secondary care (hospital) setting

Trial drugs

¢ Blinatumomab (n=116), clV infusion at 15 yg/m?/day at a
constant flow rate over 28 days, followed by an infusion-
free interval of 14 days, for up to 4 cycles

¢ Blinatumomab (n=21, clV infusion at 15 yg/m?/day at a
constant flow rate over 28 days, followed by an infusion-
free interval of 14 days, for up to 7 cycles

Permitted and disallowed
concomitant medication

Permitted medications
e Prior to the start of cycle 1:
o0 CSF prophylaxis
0 A corticosteroid
e Prior to the start of subsequent cycles:
0 A corticosteroid
e During the treatment period:
o Dexamethasone in the case of neurologic events
e Following treatment cycles 2 and 4 immediately after
bone marrow aspiration:
0 CSF prophylaxis
o After completion of study treatment for patients who did
not undergo HSCT:
o0 CSF prophylaxis

Permitted medications

e Premedication for each treatment cycle included a
corticosteroid to suppress cytokine release (100 mg
methylprednisolone IV at 1 hour prior to start of
blinatumomab infusion or prior to restart if infusion
interruption > 12 hours) and thrombosis prophylaxis by
low molecular weight heparin (subcutaneous) during the
first 7 days of each treatment cycle

e CNS prophylaxis was administered with the following
intrathecal triple combination regimen at absolute doses:
dexamethasone 4 mg, methotrexate 15 mg, cytosine-
arabinoside 40 mg. If the patient had MRD response
after cycle 1 of treatment, the triple combination regiment
was administered immediately after the first bone
marrow aspiration study on day 28 of cycle 2

¢ In non-responders, after cycle 1 demonstrated
detectable MRD, the triple combination regimen was

Company evidence submission template for blinatumomab for acute lymphoblastic leukaemia for people with minimal residual disease activity

in remission [ID1036]

© Amgen Ltd (2017). All rights reserved

Page 43 of 285




e Patients at high risk for CMV infection:
0 Intensive CMV-PCR follow-up or prophylactic CMV
treatment
Disallowed medications
¢ Any anti-tumour therapy
¢ Any other investigational agent
e Chronic systemic high-dose corticosteroid therapy
e Any other immunosuppressive therapies
e Non-steroidal anti-inflammatory drugs
e Paracetamol/acetaminophen was allowed
e Tyrosine kinase inhibitors

administered after cycle 3 of treatment immediately after
bone marrow aspiration on cycle day 28 of cycle 3. CNS
prophylaxis continued every 3 months

Small molecule tyrosine kinase inhibitors registered for
the treatment of ALL disease were permitted as
concomitant treatment of patients with bcr/abl positive
MRD if the patients developed MRD relapse on tyrosine
kinase inhibitors or whose MRD persisted on tyrosine
kinase inhibitors for more than 8 weeks

For symptomatic treatment of fever, metamizole was
administered

Disallowed medications
¢ Any anti-tumour therapy other than blinatumomab as

indicated in the protocol

Any other investigational agent

Chronic systemic high-dose corticosteroid therapy
Other immunosuppressive therapies

Stem-cell transplantation

Any use of NSAIDs (except for paracetamol)

Primary outcomes
(including scoring
methods and timings of
assessments)

e MRD response rate: the proportion of subjects who
achieved a complete MRD response rate defined by the
absence of MRD within 1 cycle of treatment with
blinatumomab

MRD response rate: the incidence of MRD
negativity/response within 4 cycles of treatment with
blinatumomab

Other outcomes used in
the economic
model/specified in the
scope

o Haematological relapse-free survival rate at 18 months
following initiation of blinatumomab

e OS

¢ Mortality rate within 100 days after allogeneic HSCT
e TTHR

e Duration of complete MRD response

e Effect on MRD level

e Overall incidence and severity of adverse effects

e Patient’s quality of life during and after therapy (change
from baseline in EORTC-QLQ-C30 and EQ-5D)

MRD response after any cycle
TTHR

MRD progression

MRD relapse after any cycle
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Pre-planned subgroups

Subgroup analyses were performed to determine the effect
of the following baseline covariates on MRD response, RFS,
OS, TTHR and HSCT:

e Age (15 to 34 years, 35 to 54 years, 55 to 64 years, and
> 65 years)

e Gender

e By Ph+ disease

e (4;11) translocation and/or MLL-AF4+ ALL

e First, second, and further haematological remission
e MROD level at baseline (< 1 x 10 versus 2 1 x 10?)

e White blood cell (WBC) count at first diagnosis <
30,000/mL and > 30,000/mL

e Prior treatment regimen for ALL (type of therapy and, if
applicable the drug-name)

o Chemoresistance after the first week of chemotherapy

¢ Need of a second induction course (salvage) for
complete haematological remission

e Previous anti-tumour radiotherapies
e Haploid or near-triploid ALL

e Clinical trial material from manufacturing processes 4 or
5 (CTM4 versus CTM5)

Subgroup analyses were performed to determine the effect
of the following baseline covariates on the primary and
secondary outcomes:
e Primary outcome:
0 Baseline MRD assessment
0 Rearrangements (immunoglobulin or TCR genes)
and translocations (bcr/abl and/or t[4;11] genes)

e TTHR:
o HSCT status

e Other secondary endpoints:
0 Baseline MRD assessment
0 Rearrangements (immunoglobulin or TCR genes)
and translocations (bcr/abl and/or {[4;11] genes)

Abbreviations: BCP-ALL: B-cell precursor acute lymphoblastic leukaemia; CTM4/5: clinical trial material from manufacturing process 4/5; ALL: acute lymphoblastic leukaemia;
WBC: white blood cell; MRD: minimal residual disease; HSCT: haematopoietic stem cell transplant; TTHR: time to haematological relapse; OS: Overall survival; RFS: relapse-

free survival; CMV-PCR: cytomegalovirus polymerase chain reaction.
Source: BLAST Key Secondary Analysis CSR% and BLAST Protocol®®
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B.2.3.3 Baseline characteristics

Baseline characteristics of participants in BLAST are described in Table 13. Overall, 116 patients
with MRD+ BCP-ALL were enrolled into BLAST and comprised the FAS. The median age was 45
years; 13% of patients were 65 years of age or older. Nearly two-thirds (65%) of patients were in

first haematological CR.%8

Table 13. Baseline characteristics of participants in BLAST

Baseline characteristic MT103-203 (BLAST) (n=116)
n (%)
Male sex, n (%) 68 (59)
Median age (range), years 45.0
(18-76)
Age, n (%)
218 to <35 years 36 (31.0)
235 to <55 years 1(35.3)
255 to <65 years 4 (20.7)
265 years 5(12.9)
Median time from prior 3 (0-45)
treatment (range), months
Relapse history, n (%)
First CR 75 (65)
Second CR 39 (34)
Third CR 2(2)
Baseline MRD levels, n (%)
210" <1 9(7.8)
2102 <10 45 (38.8)
21072 <1072 52 (44.8)
<1073 3(2.6)
Below LLQ 5(4.3)
Unknown 2(1.7)
Philadelphia chromosome
disease status
Positive 5(4.3)
Negative 111 (95.7)

Abbreviations: CR: Complete response; LLQ: lower limit of qualification.

Source: Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions
to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory
Committee. BLAST Key Secondary Analysis CSR%®

Baseline characteristics of participants in MT103-202 are presented in Table 14. Most patients
(60%; 12/20) were female, Caucasian (100%; 20/20), with translocations of rearrangements of
immunoglobulin/TCR genes (65%; 13/20). Overall, 45% (9/20) of patients were > 60 years of
age.%®
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Table 14. Baseline characteristics of participants in MT103-202

Baseline characteristic MT103-202 (Pilot) (n=20)
n (%)
Age (years)
20-30 3(15.0)
31-40 5 (25.0)
41-50 2 (10.0)
51-60 1(5.0)
61-70 7 (35.0)
> 70 2 (10.0)
Sex
Male 8 (40.0)
Female 12 (60.0)
Race
Caucasian 20 (100.0)
Translocations (all)?
bcr/abl above I
detection limit (all)
t(4;11) translocation 2(10.0)
above detection limit
(all)
Rearrangements of ]
immunoglobulin/TCR genes
(only)®
Rearrangements of ]
immunoglobulin/TCR genes
and translocations®

Footnotes: 2Patients may have rearrangements in addition to translocations; °Patients did not show any
translocation; cPatients showed rearrangements and translocations.

Abbreviations: bcr/abl: breakpoint cluster region; TCR: T-cell receptor.

Source: Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions
to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory
Committee. MT103-202 CSR’

B.2.4 Statistical analysis and definition of study groups in the
relevant clinical effectiveness evidence

A summary of the analysis populations for efficacy and safety outcomes for both BLAST and
MT103-202 is presented in Table 15, while a summary of statistical analyses for the primary
efficacy analysis in the trials is presented in Table 16.

Details of the participant flow for the two blinatumomab trials are presented in Appendix D.

Table 15. Summary of analysis populations

BLAST MT103-202
Primary efficacy analysis All patients who received any All patients in the FAS.
infusion of blinatumomab with
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an Ig or TCR PCR MRD assay
with the minimum required
sensitivity of 1 x 10,
measured at a central lab,
established at baseline (the
primary endpoint full analysis
set [Prim EP FAS]). This
definition is consistent with the
intention-to-treat principle in
single-arm open-label studies.

Key secondary analysis

Patients in the FAS who were
in haematological CR at
treatment start, excluding
Philadelphia-positive patients.

All patients in the FAS.

Other secondary analyses

All patients in the FAS.

All patients in the FAS.

Safety analysis

All patients in the FAS.

All patients in the FAS.

Abbreviations: TCR: T-Cell Receptor; PCR: Polymerase Chain Reaction; MRD: Minimal Residual Disease; EP:

Endpoint; FAS: Full Analysis Set; CR: Complete Remission.
Source: BLAST Key Secondary Analysis CSR%, MT103-202 CSR®”
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Table 16. Summary of statistical analyses for the primary efficacy analysis in BLAST and MT103-202

Trial number

Hypothesis objective

Statistical analysis

Sample size, power calculation

Data management, patient

of patients who achieved a
complete MRD response rate
defined by the absence of
MRD within 1 cycle of
treatment with blinatumomab.

The following hypotheses were
tested in this study:
0 Ho: 1 < po = 44% versus
Hi: m2p1=61%

The following assumptions
were made for the statistical
hypothesis of the study: po, the
MRD response probability,
which, if true, means that
blinatumomab was not worth
studying further, was
estimated to be not higher than
44%.

The future use of
blinatumomab would be of
considerable interest if the true
MRD response probability (1)
was 61% or higher (p1).

calculating the
response rate and
the 2-sided exact
95% Cl and by
covariates.

e The complete MRD
response rate is
calculated as:

o Number of
patients with
MRD- CR
after 1 cycle of
treatment
divided by all
patients.

the 97.5% 1-sided exact Cl that
the primary endpoint excluded
44% (po) if the true unknown
response rate was 61% (p1).

o If the study observed at least 55
out of 100 patients (55%) with a
complete MRD response after
one cycle of treatment, then the
null hypothesis (Ho) was rejected.

e For this study, the recruitment
rate was higher (n=116). In the
case that more than 100
evaluable patients were recruited,
the following parameters were
adjusted for the primary efficacy
endpoint:

o N =110 patients: Ho could
be rejected with 60/110 (=
55%) of MRD- patients.

o N =120 patients: Ho could
be rejected with 64/120 (=
53%) of MRD- patients.

(acronym) withdrawals
MT103-203 e The primary efficacy endpoint e Analysis was ¢ 100 patients were required, with a | e Only non-missing data were
(BLAST) of the study was the proportion performed by 90% power of demonstrating that analysed, missing clinical

data were not replaced.

Patients withdrawn prior to
the end of the first cycle of
blinatumomab treatment or
later were not replaced.

It is recognised that the
definition of the FAS, which
excludes — for the analysis of
the primary efficacy endpoint
— treated patients for whom
no sufficient MRD
assessment by PCR could be
established due to technical
reasons, stretches the
concept of 'intention to treat'.

However, this definition
avoids the necessity to impute
certain missing assessments
as either 'no events' (best
case) or as 'events' (worst
case).

It seems highly plausible that
the probability of the
exclusion of an assessment/
patient from the primary
efficacy analysis due to
technical reasons with the
PCR assay is uncorrelated to
any patient characteristics in
this indication, therefore the
underlying missing data
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pattern would be 'missing
completely at random.®°

MT103-202 .
(pilot)

The following hypotheses were
tested in this study:

0 Ho: 1 < po = 5% versus
Hi: 112 p1 = 30%.

The following assumptions are
made for the statistical
hypothesis of the study: Po, the
MRD response probability,
which, if true, means that the
agent was not worth studying
further, was estimated to be
not higher than 5%. The future
use of blinatumomab would be
of considerable interest if the
true MRD response probability
(1) was 30% or higher (p1).

Exact 2-sided 95%
Clopper-Pearson
confidence intervals
(Cls) for the MRD
response rate in
each cohort and
overall were
provided.

P-values from the
1-sided exact
binomial test for Ho
were provided in
addition.

e General considerations were
based on Simon’s 2-Stage
MinMax design with the following
specifications: po= 0.05, p1= 0.3,
alpha = 0.05, power = 0.8.

e The sample size was calculated
as detailed below:

0 7 patients were planned to
be accrued during stage 1. If
“0” responses were
observed during stage 1,
then the study would have
been stopped after stage 1.

0 Otherwise the sample size
would increase to 14 and the
criteria for success/failure
would have been: failure if <
2/14 responses were
observed and so no further
investigation of the drug was
warranted, success if

0 = 3/14 responses were
observed.

e When the DRC met to review the
data from the first 4 patients
enrolled in the study, the
threshold for declaring success
was already reached with 3/4

responses. The DRC
recommended:

o0 Dose increase after cycle 1
for the non-responders

e Treatment with blinatumomab
was discontinued in the event
of any of the following:

0 Haematological relapse

o0 MRD relapse

0 Progressive disease of
MRD

0 Investigator’s decision
that a change of therapy
was in the patient’s best
interest, in particular
when a stem cell donor
became available

o0 Withdrawal of patient’s
consent

o Patient or investigator
not compliant with the
study protocol

0 Progression of a medical
condition which in the
opinion of the
investigator precluded
further participation of
the patient in the study

0 Administration of non-
permitted concomitant
medication(s)

0 Occurrence of an
adverse event which
made discontinuation
desirable or
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0 Keeping the Simon’s 2-stage
MinMax design unchanged
and then enrolling 7 more
patients to reach a total
sample size of 21 in order to
obtain more data in safety
and efficacy.

o0 The first 4 patients enrolled
in the run-in dose finding
cohort were considered as
part of the stage 1 part of the
Simon’s 2-stage design.
Thus, the original protocol
design was amended
accordingly on 27 October
2008.

0 necessary in the
investigator’'s and/or the
patient’s opinion.

e All reasons for treatment
discontinuation were clearly
and concisely documented in
the electronic case report
form (CRF). If a patient had
not continued to present
him/herself during the study,
the investigator was to
describe the reason and
circumstances as completely
and accurately as possible.

¢ Patients who terminated the
study before the end of the
first treatment cycle were not
assessable regarding efficacy
and were to be replaced.

Abbreviations: MRD: minimal residual disease; CR: Complete response.
Source: BLAST Key Secondary Analysis CSR%, MT103-202 CSR%
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B.2.5 Quality assessment of the relevant clinical effectiveness
evidence

In order to assess the risk of bias and generalisability of the relevant clinical effectiveness trials,
quality assessment was conducted using the Cochrane risk of bias checklist. The quality of non-
randomised studies was assessed using the ROBINS-I checklist. These quality assessment
checklists are included in Appendix D.

Whilst BLAST and the pilot study were open label, single-arm trials, the studies were well
conducted and a low risk of bias was detected.

B.2.6 Clinical effectiveness results of the relevant trials

Summary of Clinical Effectiveness Results

e Blinatumomab is the only therapy specifically indicated for adults with BCP-ALL in
haematological CR that can be used to achieve MRD negativity.

e BLAST (n=116) demonstrates the ability of blinatumomab to induce a complete MRD response
in 78% of patients with MRD+ BCP-ALL in haematological CR.

e Patients who achieved complete MRD response with blinatumomab had 17.9 months longer
median haematological RFS than those who did not.

e Patients treated with blinatumomab in first haematological remission had more than double the
median haematological RFS of those in later remissions, and patients experiencing a complete
MRD response with blinatumomab had longer RFS and OS than non-responders.

e Patients who achieved complete MRD response within 1 cycle of treatment of blinatumomab
had a median OS more than triple that of patients who did not.
e Furthermore, blinatumomab offers durable complete MRD responses, with a median duration of
17.3 months.
e The highly effective results of blinatumomab treatment were also reflected in the pilot Phase Il
trial (MT103-202; n=20):
0 80% of evaluable patients achieved MRD response, with all MRD responses having been
observed within the first treatment cycle.
0 Median duration of complete MRD response for patients was 13.0 months.
0 Median haematological RFS had not been reached after a median follow-up time of 1550
days (> 4 years).
0 After up to 2138 days (more than 5 years) follow-up 52.6% of patients treated with
blinatumomab remained relapse-free.

e Taken together, these results suggest that blinatumomab can achieve MRD negativity in most
patients, providing long-lasting benefits to OS and RFS.

B.2.6.1 BLAST

Overview of data presentation

The analyses presented in this submission were conducted after the last Ph-negative patient
completed an 18-month follow-up period (as Ph-positive patients were excluded from the pre-
specified secondary analyses, as described in Section B.2.4), with the data cut-off date of 5™
August 2015. All BLAST pre-specified primary and secondary efficacy endpoints are presented in
detail in the main submission as all are relevant to the decision problem and included in the final
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scope for this appraisal, as presented in Table 17. The FAS (n=116), which is consistent with the
ITT principle in single-arm, open label studies, was used throughout the presented analyses.

Table 17. Overview of BLAST clinical effectiveness results presented in the main
submission

Pre-specified primary e Complete MRD response within 1 cycle
endpoint
Pre-specified secondary Key pre-specified secondary endpoint

endpoints o Haematological RFS rate

Other pre-specified secondary endpoints

e OS

Mortality rate within 100 days after allogeneic HSCT
TTHR

Duration of complete MRD response

e Effect on MRD level

e Change from baseline EORTC-QLQ-C30

e Change from baseline EQ-5D

Abbreviations: MRD: Minimal Residual Disease; RFS: Relapse-Free Survival; OS: Overall Survival, HSCT:
Haematopoietic Stem Cell Transplant; TTHR: Time To Haematological Relapse; EORTC-QLQ-C30: European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-C30; EQ-5D: EuroQol-5D.
Source: BLAST Key Secondary Analysis CSR%

Primary outcome (complete MRD response within 1 cycle)

¢ Blinatumomab achieves MRD negativity in 78% of MRD+ BCP-ALL patients in
haematological CR within the first cycle.

The primary outcome presented for BLAST is the proportion of patients who achieved a complete
MRD response within 1 cycle of blinatumomab, which was achieved by 77.9% of patients (Table
18). The MRD response rate was significantly greater than the null hypothesis threshold for the
study of 44%.56

Table 18. Proportion of patients achieving complete MRD response within 1 cycle

Outcome Blinatumomab

N 113

Response rate, n (%) 88 (77.9)
95% ClI, % 69.1, 85.1

Abbreviations: MRD: Minimal Residual Disease; Cl: Confidence Interval.
Source: BLAST Key Secondary Analysis CSR Table 14-4.1.1%

After the first treatment cycle, 2 additional patients had a complete MRD response, resulting in
an overall complete response of 79.6%. For these 90 patients, median time to MRD response
was 29.0 days, as presented in Table 19.56

Table 19. Overall MRD response

Outcome Blinatumomab
N 113
Response rate, n (%) 90 (79.6)
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95% Cl, % 71.0, 86.6

Time to MRD response, N 90

Median (range) 29.0 (5-71)

Abbreviations: MRD: Minimal Residual Disease; Cl: Confidence Interval.
Source: BLAST Key Secondary Analysis CSR Table 14-4.1.1%

Secondary outcomes

In the following sections, the secondary analyses performed in BLAST are described in detail.
Results are presented both with and without censoring at HSCT or post-blinatumomab
chemotherapy. It is important to note that it is not appropriate to compare the RFS and OS of
patients who received HSCT with those who did not, for the following reasons:

o Kaplan-Meier (KM) curves and rates for transplanted patients are positively biased as
they must have lived long enough to receive HSCT, resulting in an artificial plateau on
the KM curve. In contrast, non-transplanted patients are negatively biased as patients
receiving HSCT are later excluded, creating an artificial crash on the KM curve.

e The death rate in ALL is particularly high during the first 3 months of treatment, but
reaches a plateau shortly after this point; as patients typically receive HSCT after a wait
of several months, even if the transplant had no effect an artificially higher KM curve
would be observed.

e Itis plausible that patients who undergo transplantation may have different
characteristics compared to those who do not undergo transplantation. For instance, less
fit patients may not be eligible for HSCT, and the patients with the worst prognosis at
baseline may not survive long enough to find a donor and receive HSCT. As such,
transplanted and non-transplanted patients are not compared in these analyses.

Nonetheless, the analyses with censoring at HSCT or post-blinatumomab chemotherapy do
suggest that blinatumomab provides improved outcomes independent of HSCT status.5®

Haematological RFS at 18 months

o Haematological RFS at 18 months was a clinically-meaningful 54%, while median RFS
was not estimable after more than 40 months.
o Patients who achieved complete MRD response within 1 cycle of treatment with

blinatumomab had 17.9 months longer median haematological RFS than those who did
not.

The key secondary outcome was the haematological RFS rate at 18 months in all Ph- patients,
censoring at HSCT or post-blinatumomab chemotherapy.>®

As presented in Figure 10 and Table 20, the rate of haematological RFS at 18 months with
censoring was 54% (95% Cl: 33%, 70%); as the 33% lower boundary of the 95% CI exceeded
the pre-specified threshold of 28%, the 18-month haematological RFS rate was clinically
meaningful. These results demonstrate that blinatumomab provides improved outcomes
independent of transplant status. The median RFS was not estimable at the time of data cut-off
(more than 40 months). Without censoring, the 18-month haematological RFS rate was 53%
(95% Cl: 44%, 62%). It should be noted that while the K-M curve suggests improved RFS for
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non-transplanted patients, this analysis is limited by the low number of patients included, with
only 10 patients included from 12 months onwards.%

Figure 10. RFS with and without censoring at allogeneic HSCT and post-BLINCYTO
chemotherapy
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Abbreviations: RFS: relapse-free survival; HSCT: haematopoietic stem cell transplant.
Source: BLAST Key Secondary Analysis CSR Figure 14-4.2.1%6

Table 20. RFS at 18 months with and without censoring at allogeneic HSCT and post-
BLINCYTO chemotherapy

Outcome Blinatumomab (N=110) Blinatumomab censored
(N=110)
Events, n (%) 62 (56.4) 21(19.1)
Censors, n (%) 48 (43.6) 89 (80.9)
RFS (18 months) 0.53 0.54
95% CI 0.44,0.62 0.33,0.70

Abbreviations: RFS: relapse-free survival; HSCT: haematopoietic stem cell transplant; Cl: Confidence Interval.
Source: BLAST Key Secondary Analysis CSR Table 14-4.2.1%

Furthermore, patients who achieved a complete MRD response to blinatumomab in cycle 1
achieved a statistically significantly (p=0.003) greater haematological RFS at 18 months than
those who did not respond (58% versus 20%), as presented in Figure 11. The patients who
achieved a complete MRD response in one cycle of blinatumomab experienced a median
haematological RFS of approximately 18 months longer than those who did not (23.6 months
versus 5.7 months).56
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Figure 11. RFS in patients with or without a complete MRD response in cycle 1
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Abbreviations: RFS: relapse-free survival; MRD: minimal residual disease.
Source: Gokbuget et al. (2015)%"

Relapse history was also statistically significantly associated with haematological RFS (p=0.004),
as shown in Figure 12. Median haematological RFS for patients in their first haematological CR
was more than double that for patients in their second or third CR (24.6 versus 11.0 months), as
was the 18-month haematological RFS (62% versus 34%).%

Figure 12. RFS in patients in first haematological remission or second/third remission
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Abbreviations: RFS: relapse-free survival.
Source: Gokbuget et al. (2015)°"
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Overall survival

o OS at 18-months was 65%, with a median OS of 36.5 months; with censoring at HSCT or
post-blinatumomab chemotherapy, 18-month OS was 83% and median OS was not
estimable after more than 40 months.

o Patients who achieved complete MRD response within 1 cycle of treatment of
blinatumomab had a median OS more than triple that of patients who did not.

Overall survival was measured for all patients from the time that they first received blinatumomab
until death due to any cause, with patients who did not die censored at their last contact date. A
total of 53 deaths (45.7%) were reported in the study as of the cut-off date. The 18-month OS in
BLAST was 65% (95% CI: 55%, 73%) and median OS was 36.5 months (95% CI: 19.8%, not
estimable), as presented in Figure 13 and Table 21. A sensitivity analysis for censoring at HSCT
or post-blinatumomab chemotherapy is also included in Figure 13 and Table 21, with an 18-
month OS of 83% (95% CI: 55%, 94%), suggesting that blinatumomab provides improved
outcomes independent of transplant status. The median OS with censoring was not estimabile. It
should be noted that while the K-M curve suggests improved OS for non-transplanted patients in
comparison to transplanted patients, this analysis is limited by the low number of patients
included, with only 10 patients included from 12 months onwards.%¢

Figure 13. OS in BLAST with and without censoring at allogeneic HSCT and post-
BLINCYTO chemotherapy
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Abbreviations: OS: Overall survival; HSCT: haematopoietic stem cell transplant.
Source: BLAST Key Secondary Analysis CSR Figure 14-4.3.156

Table 21. OS in BLAST at 18 months with and without censoring at allogeneic HSCT and
post-BLINCYTO chemotherapy

Outcome Blinatumomab (N=116) Blinatumomab censored
(N=116)

Events, n (%) 53 (45.7) 5(4.3)

Censors, n (%) 63 (54.3) 111 (95.7)

OS (18 months) 0.65 0.83
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95% CI 0.55,0.73 0.55, 0.94
Median (95% ClI) 36.5(19.2,n.e.) n.e.(n.e., n.e.)

Abbreviations: OS: Overall survival; HSCT: haematopoietic stem cell transplant; Cl: Confidence Interval; n.e.: not
estimable.

Source: BLAST Key Secondary Analysis CSR Table 14-4.3.15%

As for the primary outcome, patients who achieved a complete MRD response to blinatumomab
within 1 cycle achieved a statistically significantly greater OS (p=0.002) than those who did not
respond, as presented in Figure 14. Median OS for 1 cycle complete responders was 38.9
months, compared with 10.5 in non-responders. Similarly, the 18-month OS rate was higher in

patients who achieved a complete MRD response to blinatumomab within 1 cycle than those who
did not (69% versus 31%).%¢

Figure 14. OS in patients with or without a complete MRD response in cycle 1
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Abbreviations: OS: Overall survival; MRD: minimal residual disease.
Source: BLAST Key Secondary Analysis CSR Figure 14-4.3.956

Furthermore, relapse history was also associated with median OS; patients who were in their first
haematological CR had a longer OS than those who were in their second or third CR (36.5

months versus 19.1 months), as well as a higher 18-month OS rate (69% versus 56%), as
presented in Figure 15.%8
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Figure 15. OS in patients in first haematological remission or second/third remission
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Abbreviations: OS: Overall survival.
Source: BLAST Key Secondary Analysis CSR Figure 14-4.3.12%

Mortality rate within 100 days after allogeneic HSCT

o Of the 77% of patients who received allogeneic HSCT after treatment with blinatumomab,
the 100-day mortality rate was 7%compared to published data >25%.

The overall patient incidence of HSCT after treatment with blinatumomab was 77.6% (90/116); of
these 90 patients, 84.4% were in complete haematological CR at the time of HSCT, with 21.1%
being MRD+ and 63.3% MRD- at the end of cycle 1, while 15.6% had haematological relapse
prior to HSCT.%¢ Published data have shown a 100-day HSCT mortality rate of 28%.

In the FAS, 74 patients received an allogeneic HSCT while in blinatumomab-induced molecular
remission. Of these patients, 5 deaths (16.1%) occurred during the 100 days post-HSCT period,
resulting in a 100-day mortality rate after allogeneic HSCT of 7% (95% CI: 0.03, 0.15).56

Time to haematological response

o TTHR at 18 months was 55% for patients treated with blinatumomab and censored at
HSCT or post-blinatumomab chemotherapy, while median TTHR was not estimable after
more than 40 months.

e For the uncensored analysis, TTHR at 18 months was 67%, while median TTHR was also
not estimable.

TTHR was measured from the start of treatment with blinatumomab until the patient experienced
haematological or extramedullary relapse; patients who died or received HSCT or post-
blinatumomab chemotherapy were censored at their last haematological assessment prior to
death or post-blinatumomab therapy, whichever occurred first.5¢
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As presented in Table 22, the 18-month TTHR censored at HSCT or post-blinatumomab
chemotherapy was 55%, while the median TTHR was not estimable. A total of 82.7% of patients
were censored as of the data cut-off, and a total of 17.3% had events: 16.4% relapsed and 0.9%
had secondary leukaemia. The 18-month KM estimate for TTHR, not censored for HSCT or post-
blinatumomab chemotherapy, was 67% (95% ClI: 57%, 76%), and the median TTHR was not
estimable (95% Cl: 24.3, n.e.).%®

Table 22. TTHR

Outcome Blinatumomab (N=110) Blinatumomab censored (N=110)

Events, n (%) 39 (35.5) 19 (17.3)
Relapse 37 (33.6) 18 (16.4)
Secondary 1(0.9) 1(0.9)
leukaemia

Censors, n (%) 71 (64.5) 91 (82.7)

TTHR (18 0.67 0.55

months)
95% ClI 0.57,0.76 0.34,0.72
Median n.e. (24.3, n.e.) n.e. (7.1, n.e.)
(95% Cl)

Abbreviations: TTHR: time to haematological relapse; Cl: Confidence Interval; n.e.: not estimable.

Source: BLAST Key Secondary Analysis CSR Table 14-4.3.3%

Duration of complete MRD response

months.

e Blinatumomab offers durable complete MRD responses, with a median duration of 17.3
months, or when censored by HSCT or post-blinatumomab chemotherapy of 45.0

The median duration of complete MRD response was analysed as the time from onset of MRD
negativity until MRD or haematological relapse, or date of last confirmation of negative MRD
status. Only the patients with MRD- CR at cycle 1 were included in this analysis, and were
analysed both with and without censoring at the time of HSCT or post-blinatumomab

chemotherapy.>®

Blinatumomab offers durable complete MRD responses, with a median duration of 17.3 months
(95% ClI: 12.6, 23.3) when uncensored and 45.0 months (95% CI: 6.5, 45.0) when censored at
HSCT or post-blinatumomab chemotherapy, as presented in Figure 16. The 18-month KM
estimates were 46% (95% ClI: 33%, 57%) and 51% (95% Cl: 28%, 69%), respectively.56
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Figure 16. Duration of MRD complete response
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Table 23. Duration of complete MRD response

Outcome Blinatumomab (N=85) Blinatumomab censored (N=85)
Events, n (%) 45 (52.9) 16 (18.8)
Censors, n (%) 40 (47.1) 69 (81.2)
Duration of 0.46 0.51
MRD CR (18
months)
95% CI 0.33, 0.57 0.28, 0.69

Abbreviations: MRD: minimal residual disease; CR: complete response.
Source: BLAST Key Secondary Analysis CSR Table 14-4.5.1%

Effect on MRD level

e The majority of patients (78%) achieved MRD CR during cycle 1, but of those patients
who did not, the majority shifted to a lower MRD status at the end of cycle 1.

As described in the primary outcome section above, 77.9% of patients achieved MRD CR during
cycle 1, with some patients achieving MRD CR as early as 5 days after initiation of treatment. A
thorough kinetic analysis of MRD response was not possible, due to the lack of protocol
requirement for evaluating MRD response before the completion of cycle 1, combined with the
very high rate of complete MRD response by most patients during this first cycle. Nonetheless, it
was possible to analyse the MRD response in MRD non-responders from baseline to the end of
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cycle 1. A majority of patients [l reported shifts to a lower MRD status at the end of cycle
1, with il patients with MRD of 10- shifting to 105, | l] patients with MRD of 102
shifting to <103, and [l patients with MRD of 10-3 shifting to <104. These results
demonstrate that even in the minority of patients without a complete MRD response after cycle 1,
the majority still improve their MRD status after treatment with blinatumomab. More detail on this
outcome is provided in Appendix O.%¢

HRQoL

o EORTC-QLQ-C30 results suggest that blinatumomab may affect several aspects of
HRQoL, such as appetite, constipation, and nausea and vomiting, but most of these
showed partial or complete recovery by study end.

o EQ-5D results suggest no appreciable change in patient HRQoL during blinatumomab
treatment.

EORTC-QLQ-C30

The EORTC QLQ-C30 is a validated patient reported outcome (PRO) questionnaire comprising
multi-item scales and single-item measures rated from 0 to 100 used to assess HRQoL in cancer
patients who participate in clinical trials.®? The questionnaire includes 5 functional scales, 3 multi-
item scales, 6 single item symptom scales, and a global health status/quality of life scale. In each
of these scales, the patient’s quality of life is evaluated on a scale from 1 to 100. Changes of
between 5 and 10 points on the EORTC QLQ-C30 scales can be considered clinically
meaningful.6> Change from baseline in the EORTC-QLQ-C30 was analysed using the FAS at
each scheduled assessment.5°

A summary of the maximum changes from baseline to cycles 1 through 4 and to the end of the
core study is presented in Table 24. The scales most severely affected by treatment with
blinatumomab were appetite loss, constipation, and diarrhoea, and, to a lesser extent, nausea
and vomiting. For dyspnoea, constipation, and diarrhoea, scores recovered to baseline at end of
core study; for appetite loss and nausea and vomiting, the scores showed partial recovery.

Modest improvements in social functioning and role functioning symptoms were reported during
the study; the improvement in social functioning symptom persisted at end of core study.
Treatment with blinatumomab provided patients with quality of life improvements in some sub-
scales, with modest improvements in the social functioning and role functioning symptoms during
the study, which persisted at the end of the core study for social functioning ||l

Table 24. Change from baseline in EORTC-QLQ-C30 scales

EORTC-QLQ-C30

Baseline, mean (SE)

Greatest change

Change from

Scale (Max=100) from baseline in baseline at end of

cycles 1 to 4, mean core study, mean
(SE)/cycle (SE)

Global health status ] I I

Physical function ] ] I

Role functioning I I I

Emotional N N I

functioning

Cognitive I I I

functioning
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Social functioning

Fatigue

Nausea and
vomiting

Pain

Dyspnoea

Insomnia

Appetite loss

Constipation

Diarrhoea

Financial difficulties

Abbreviations: EORTC-QLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life

Questionnaire-C30; SE: Standard Error.
Source: BLAST Key Secondary Analysis CSR Table 11-15¢

EQ-5D

The EQ-5D is a self-administered PRO which captures 5 dimensions of health: mobility, self-
care, usual activities, pain/discomfort and anxiety/depression. Change from baseline in the EQ-
5D was analysed using the FAS at each scheduled assessment.%®

A summary of the maximum changes from baseline to cycles 1 through 4 and to the end of the
core study is presented in Table 25. Across the 5 dimensions, patients did not experience any

appreciable change in quality of life during treatment with blinatumomab.5®

Table 25. Change from baseline in EQ-5D scales

EQ-5D scale Baseline, mean (SE) Greatest change Change from
from baseline in baseline at end of
cycles 1 to 4, mean core study, mean
(SE)/cycle (SE)
Mobility 1.2 (0.0) -0.2 (0.1)/C4 0(0.1)
Self-care 1.1 (0.0) -0.1 (0.1)/C4 0 (0.0)
Usual activity 1.5(0.1) -0.1 (0.1)/C3 + C4 -0.1 (0.1)
Pain/discomfort 1.4 (0.0) -0.2 (0.2)/C4 -0.1 (0.1)
Anxiety/depression 1.4 (0.1) -0.2 (0.1)/C2 -0.1 (0.1)

Abbreviations: EQ-5D: EuroQol five dimensions questionnaire; SE: Standard Error.

Source: BLAST Key Secondary Analysis CSR Table 11-25¢

B.2.6.2 MT103-202

remission.

Summary of MT103-202

e Blinatumomab achieved MRD negativity in 80% of BCP-ALL patients in haematological
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e Median duration of complete MRD response for patients was 13.0 months, while the
median haematological RFS had not been reached after a median follow up time of 1550
days (> 4 years).

e Five of the 9 patients who received HSCT remained in haematological CR for at least 5
years after starting blinatumomab, as did 5 of the 11 patients who did not undergo HSCT,
suggesting that long-term disease control can be achieved with blinatumomab with or
without subsequent HSCT.

This section provides an overview of the clinical effectiveness results for the MT103-202 pilot

study, including the primary outcome, i.e. the proportion of patients who achieved a complete

MRD response within 4 cycles of blinatumomab, and the following secondary outcomes: MRD
CR after any cycle, TTHR, MRD progression, and MRD relapse after any cycle.%’

MT103-202 met its primary endpoint, with most patients achieving MRD response (80%; 95% CI:
56.3, 94.3), all of which were achieved in cycle 1. The median duration of complete MRD
response for patients was 13.0 months (95% CI: 2.8, not estimable). The median haematological
RFS had not been reached after a median follow up time of 1550 days (> 4 years). Ten patients
(10/20, 50%) were relapse free after 5 years of follow-up (duration of follow-up ranged from 1816
to 2138 days). The final haematological RFS estimate was 52.6% after 5.9 years. Five of the 9
patients who received HSCT remained in haematological CR for at least 5 years after starting
blinatumomab, as did 5 of the 11 patients who did not undergo HSCT, suggesting that long-term
disease control can be achieved with blinatumomab with or without subsequent HSCT. These
results demonstrate the ability of blinatumomab to achieve MRD negativity in BCP-ALL patients
in haematological remission over the long-term, and provide additional support to the findings of
BLAST.*”

B.2.7 Subgroup analysis

To determine the impact of biologic predictors of response on study outcomes in BLAST, pre-
specified subgroup analyses were defined by a range of baseline variables and were conducted
for the primary outcome (MRD CR within 1 cycle), key secondary outcome (haematological RFS
rate), other secondary outcomes (OS, TTHR), and HSCT status. An overview of the pre-specified
subgroups explored in BLAST are presented in Table 26 below.%¢

Table 26. Overview of pre-specified subgroups in BLAST

Stratification factor Specific subgroups tested

Age 18-34, 35-54, 55-64, =65

Gender Male, female

Philadelphia status Philadelphia positive, Philadelphia negative

Patients by t(4;11) translocation and/or Yes, No, Unknown

MLLAF4+ ALL haematological remission

Risk stratification Standard, Low, Intermediate, High, Very high,
Unknown

Relapse history Patients in 15t CR, Patignts in 2" CR, Patients in

39CR
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MRD level at baseline by central lab

>10xE-1 and <10xEOQ, 210xE-2 and <10xE-1,
210xE-3 and <10xE-2, <10xE-3, Below LLOQ,
Unknown

WBC at first diagnosis

<30,000/mm?, >30,000/mm?, Unknown

Chemoresistance after the first week of
chemotherapy

Yes, No, Unknown

Need of salvage therapy for CR

Yes, No, Unknown

Previous anti-tumour radiotherapies

Yes, Unknown

Incidence of neurologic events during Yes, No

cycle 1

Time from diagnosis to start of <12 months, > 12 months

blinatumomab

Time from last treatment to start of
blinatumomab

< 6 months, > 6 months

Clinical Trial Material CTM4 only, CTMS only, CTM4 & CTM5

Abbreviations: ALL: acute lymphoblastic leukaemia; CR: complete remission/complete response; MRD: Minimal
residual disease; WBC: white blood cell; LLOQ: lower limit of quantification; CTM4/5: clinical trial material from
manufacturing process 4/5.

Source: BLAST Key Secondary Analysis CSR Table 14-4.1.3%

A summary of the results for the subgroup analyses is provided in Appendix D. These analyses
support the ability of blinatumomab to induce a complete MRD response in patients with MRD+
BCP-ALL in haematological CR, regardless of age, gender, risk stratification, relapse history, or
any other subgroup listed in Table 26. For RFS, only relapse history was found to have a
significant effect, with a significantly shorter median RFS for patients in their 2" or 3™ CR (24.6
versus 11.0 months, p=0.0044). OS was only affected by Ph status, with Ph— patients
experiencing a significantly longer median OS than Ph+ patients (36.5 versus 7.2 months,
p=0.017); however, with only 5 Ph+ patients enrolled in the study, this finding may not be
representative of the Ph+ population. As may be expected, median TTHR was significantly
shorter in patients in their 24 or 3" CR than those in their 15t (19.1 versus 36.5 months,
p=0.087).%¢

B.2.8 Meta-analysis

No meta-analyses were carried out as only one Phase Il study (BLAST) was identified and no
other comparator interventions for MRD+ patients are known.

B.2.9 Indirect and mixed treatment comparisons

Summary of comparative effectiveness

e Due to the very low incidence of MRD+ BCP-ALL, as well as ethicl and consent issues, it was
agreed following discussions with regulatory bodies that BLAST be designed as a single-arm
trial based on the successful achievement of MRD negativity in the pilot study.

e As such, a historical comparator study (Study 20120148) was developed to provide a well-
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matched cohort of patients treated with SoC, therefore permitting comparison to blinatumomab.

e Study 20120148 included RFS and OS, and was assembled from databases of ALL study
groups across Europe, and a direct comparison analysis set was designed post hoc to include
patients most closely matched to the BLAST population.

o While this resulted in a well-balanced cohort, limitations of this method include differences
in local MRD testing protocols, the timing of MRD assessment, transplant status, and
number of prior treatments received.

o lItis noteworthy that in a recent NICE appraisal of blinatumomab for relapsed or refractory
(R/R) Ph—- BCP-ALL,% a similar comparison was made between a historical comparator
study and a Phase |l trial, and was found to be highly consistent with and validated the
comparative results from the pivotal Phase Il study.

e Propensity score matching was used to permit comparison of BLAST to the historical
comparator study. As the BLAST trial was expected to more closely match the anticipated

licensed population than the historical controls, the average treatment effect on the treated
(ATT) weighting method was considered most appropriate.

e Blinatumomab was associated with a statistically significant improvement in RFS compared to
SoC in patients with MRD+ BCP-ALL, and a consistent numerical improvement in OS compared
to SoC:

o Compared with SoC, blinatumomab reduces the risk of relapse or death by [JJl] and
increases the median haematological RFS by

o Compared with SoC, blinatumomab reduces the risk of death by [ ] ano [ the
median OS in BCP-ALL patients in MRD+ haematological CR.

e Scenario analyses using an alternative weighting method, the average treatment effect (ATE),
are consistent with the ATT weights used to inform estimates of the comparative efficacy.

B.2.9.1 Rationale

Due to the very low incidence of MRD+ BCP-ALL, conducting large randomised clinical studies in
this patient population is complex and RCT data are non-existent. In cases where there is no
clear standard of care or where currently available therapies have limited evidence of efficacy, it
would be inappropriate and unethical to randomise patients to placebo and a single-arm trial is
the appropriate choice of trial design. Furthermore, patients and their physicians may not consent
to being randomised to placebo or SoC, particularly when blinded studies are not possible. As
such, BLAST was designed as a single-arm trial because of the high rate of complete MRD
response observed in the pilot trial, the anticipated high rate of complete MRD response in
BLAST, and the poor responses to current SoC treatments for BCP-ALL patients in MRD+
haematological CR. In their Scientific Advice provided on December 17, 2009, the Committee
for Medicinal Products for Human Use stated that it could accept data from a single-arm trial if
“good quality comparative controls would be available which would well match the patient
population in the proposed confirmatory study.” The population enrolled in BLAST was highly
selected and identifiable, with well-defined baseline characteristics. Thus, a retrospective study
of historical data was performed to collect data from patients who represent high quality external
controls, matched to the BLAST participants.®®

Therefore, to better understand the benefit of blinatumomab treatment with respect to RFS and
OS among adult MRD+ BCP-ALL patients relative to historical controls, a propensity score
analysis was applied to quantitatively evaluate these endpoints. In this section, an overview of
the historical comparator study is provided, and results for the propensity score analysis of
BLAST and the historical comparator study are presented.®®
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B.2.9.2 Historical comparator study (Study 20120148)

This retrospective, historical comparator study evaluated clinical outcomes, including RFS and
OS, in BCP-ALL Ph- adult patients who have received SoC treatment per national treatment of
study group protocols, achieved a haematological CR, and subsequently had persistent or
relapsed MRD. Data were collected from study groups across Europe and Russia, and clinical
data for 287 patients with similar baseline characteristics to those enrolled in BLAST were
included in the analysis.%®

A summary of the design of the historical comparator study is presented in Table 27. The
inclusion criteria were chosen such that the patients enrolled in the study were matched as
closely as possible to the characteristics of those in the BLAST trial, including history of ALL
treatment (response to first therapy and number of prior relapses), relapse status, and disease
follow-up after detection of MRD.58

Table 27. Summary of design for historical comparator study (Study 20120148)

Study description Retrospective non-interventional cohort study of historical
treatment and outcome data from 2000 to 2017 for 287 adult
patients

Patient population eligibility | Patients with BCP-ALL Ph- with haematological CR (defined as
less than 5% blasts in bone marrow after at least 3 intensive
chemotherapy blocks, and who met the following criteria:

e Detection of MRD (molecular failure or molecular relapse) at
a level of 210 by PCR or 2107 by flow cytometry at a
reference lab

o Age 15+ at time of initial diagnosis of ALL. For patients 15-
17 years of age at diagnosis, patients were not allowed to be
enrolled in a paediatric trial

¢ |Initial diagnosis of ALL in the year 2000 or later

e History of ALL treatment (including response to first therapy,
number of prior relapses) is available

e Relapse status and disease follow-up after time point of
MRD detection is available

Exclusion criteria e Patients with extramedullary disease at timepoint of MRD
detection

e Use of blinatumomab within 18 months of MRD detection
e Allogeneic HSCT prior to MRD detection at required level

Primary endpoint e Haematological RFS, defined as the time from the baseline
MRD detection date until haematologic relapse or death due
to any cause

Key secondary endpoints e OS, defined as the time from the baseline MRD detection
date until death

o Mortality rate (proportion) in patients who received an
allogeneic HSCT after MRD detection, assessed at 100 days
following allogeneic HSCT, as well as later timepoints (3, 6,

9 and 12 months, and 6-monthly intervals until 36 months
after allogeneic HSCT).

Abbreviations: BCP: B-Cell Positive; ALL: acute lymphoblastic leukaemia; MRD: minimal residual disease; HSCT:

haematopoietic stem cell transplant; RFS: relapse-free survival; OS: Overall survival.
Source: Historical Comparator Study (20120148) CSR%8
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B.2.9.3 Summary of patient baseline characteristics in BLAST and the

historical comparator study

The study population for the historical comparator study was assembled from databases of ALL
study groups in Europe (Czech Republic, France, Germany, United Kingdom, Italy, Poland, and
Spain), and in Russia, which included MRD testing in their protocols. However, all but Russia
contributed data to the direct comparison analysis set (DCAS, which was designed post hoc to
include patients most closely matched to the BLAST population). For Russian patients, MRD test
results were qualitative only, with results above 104, but the actual MRD level was not quantified
so it was not possible to assess whether patients qualified for the primary analysis sets. For
Poland, Spain and one site from ltaly, MRD levels were assessed by flow cytometry rather than
PCR, therefore none of their patients were included in the primary analysis set, but there were
patients from these countries in the DCAS. The primary contributors to the DCAS were Germany
(38.5%), ltaly (25.8%), France (13.7%) and Poland (13.7%). These study groups were selected
based on recognition of the ‘state of the art’ ALL care and treatment that they provide, and
because they included MRD testing in their protocols, thus being relevant and generalisable to
the UK, in which the similar UKALL14 protocol is used.*® Similarly, standardised treatment
protocols developed as part of the European Working Group for Acute Lymphocytic Leukaemia
(EWALL) collaboration should also allow the comparison of other European study centres to the
UK. Indeed, these European and Russian sites also contributed patients to the BLAST study;
historical patients may have been affected by a similar bias, given that the majority were enrolled
in trials as well. On balance, it was judged that historical data from these study groups on their
patients’ experience would provide a reasonable population to provide a frame of reference for
evaluating the experience of blinatumomab-treated ALL patients.

Limitations

However, there are limitations in the method of historical comparison used. Firstly, each country
or study group followed their national or local protocol, which specified when to conduct MRD
assessments. Therefore, the timing of MRD assessment following initial diagnosis varied
between countries or study groups and the overall estimate of timing of the baseline MRD
assessment reflects the average time as defined in these treatment protocols. This average was
driven mainly by the countries or study groups that contributed the largest number of patients
(i.e. Germany, a site in Italy and France). Given that baseline MRD assessment was the time
point from which RFS and OS were assessed in the PAS, this may have led to bias in the
duration of survival.

Secondly, a potential source of bias comes from differences in the transplantation status of
patients, as transplanted patients are likely to be younger than non-transplanted patients, and
may have a better general health status or other unmeasured characteristics (e.g., finding a
suitable donor) that are systematically different from patients who did not undergo
transplantation. Thus, any observed differences in the standard KM curves for RFS and OS
between transplanted and non-transplanted patients should be interpreted with caution as these
differences may not be because of transplant only.

Finally, the number of prior treatments received could also potentially bias results. Patients from
all countries were required to have been treated with at least 3 intensive chemotherapy blocks
before qualifying to enter the study, except for patients from the UK; these patients were eligible
to enter the study after being treated with only two blocks. However, this exception was made
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because in terms of intensity, the first 2 blocks of treatment in the UK protocol were considered
to be comparable to 3 blocks of other study groups.

While it is important to note these limitations, the historical comparator study was specifically
designed to be comparable to the blinatumomab clinical studies, using strict eligibility criteria,
and, as previously described, the DCAS was designed post hoc to include patients most closely
matched to the BLAST population. Nevertheless, scenario analysis were conducted to assess
the potential impact of the comparative evidence on cost-effectiveness as discussed in Section
B.8.

Baseline characteristics

A summary of the baseline characteristics of patients enrolled in BLAST (from the FAS) and the
historical comparator study (from the DCAS) is presented in Table 28.

Although the inclusion criteria in the historical comparator study allowed the identification of well-
matched patients, there were some differences in baseline characteristics between Study
20120148 and BLAST. Median patient age in the DCAS population was lower than in the BLAST
FAS population (33 versus 45 years), and only one patient was 65 years of age or older,
compared with 15 patients in BLAST. The DCAS did not include any patient in CR2 or CR3.
However, 41 patients were in their second or third CR in the BLAST FAS; therefore, only patients
in CR1 were included in the primary analysis.®®

Table 28. Patient baseline characteristics in BLAST and the historical comparator study

Demographic BLAST Historical comparator
FAS? DCAS®
n=116 n=182

Male sex, n (%) 68 (59) 102 (56)

Median age (range), years 45.0 33.0

(18-76) (18-65)
Age, n (%)
218 to <35 years 36 (31.0) 98 (53.9)
235 to <55 years 41 (35.3) 56 (31.0)
255 to <65 years 24 (20.7) 27 (14.8)
265 years 15 (12.9) 1(0.6)
Median time from prior I NA

treatment (range), months

Relapse history, n (%)

First CR 182 (100)
Second CR NA
Third CR NA
Baseline MRD levels, n (%)

21071 <1 13 (7.1)
2102 <10 65 (35.7)
21073 <1072 104 (57.1)
<1073 0 (0)
Below LLQ NA
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Unknown I 0(0)

Abbreviations: 2All patients receiving a BLINCYTO infusion; PPatients 218 years old with MRD load 21 x 10-3
detected by FC or PCR in CR1, time to haematological relapse >14 days after MRD diagnosis.

CR: complete remission; DCAS: direct comparison analysis set; FAS: full analysis set; LLQ: lower limit of
quantification; NA: not applicable.

Source: BLAST Key Secondary Analysis CSR,% Historical Comparator Study (20120148) CSR58

B.2.9.4 Propensity score analysis

Because of these differences in baseline characteristics between the historical comparator study
and BLAST populations, propensity scoring (PS) was performed to balance the baseline
covariates between the groups to allow a more valid statistical comparison of RFS and OS
between the two trials; the inverse probability of treatment weighting (IPTW) approach for
propensity score adjustment was used for this analysis.®® This approach attempts to mimic the
effect of randomisation by creating a balance between treated and untreated patients with
respect to important baseline covariates that determine both the propensity for a patient to be
treated with the treatment under evaluation (in this case, blinatumomab) and a patient’s
prognosis. Further details of the propensity score model are provided below with further key
details summarised in Appendix L6°.

Analysis sets

The Primary Analysis Set for the PS analysis included patients who adhered to the following
criteria:

BLAST (MT103-203) criteria:

e Received any infusion of the investigational drug, blinatumomab

e Philadelphia negative B—precursor ALL in complete haematological remission defined as less
than 5% blasts in bone marrow after at least three intensive chemotherapy blocks

e MRD+ at a level of 21 x 103 (PCR only in BLAST) but otherwise in complete haematological
remission

e Atleast 18 years old at the MRD baseline date

e In their first haematological remission (CR1 only)

Historical comparator study (20120148) criteria:

e Ph-negative B-precursor ALL in complete haematological remission

e MRD+ at a level of 21 x 10-3 regardless of detection method

e Atleast 18 years old at the MRD baseline date

e Time to relapse greater than 14 days from the date of MRD detection (see explanation below)
e In their first haematological remission (CR1 only)

Propensity Score model development

Candidate variable main effects and all two-way interaction terms were entered into a logistic
regression model with blinatumomab treatment as the binary response. A stepwise variable
selection algorithm was run whereby p<0.30 was used as the threshold for entering and keeping
covariates in the model.
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Candidate propensity score model covariates included the following:

e Age at primary diagnosis

e Sex

e Country

e Presence and type of any cytogenetic and molecular aberrations
e Time from primary diagnosis to MRD baseline date (months)

e Baseline MRD level

o WBCs at diagnosis

o Type of prior chemotherapy

Baseline MRD was recoded into an ordinal variable and was treated as a continuous covariate in
the model. A propensity score model was fit for each analysis set separately.

The PS-weighted RFS and OS analyses was performed using a Cox proportional hazards model
with each patient’s treatment status as an independent factor. An additional analysis including a
time-dependent covariate for HSCT was conducted to account for differences between transplant
rates observed between BLAST and the historical cohort and better isolate the blinatumomab
treatment effect not affected by use of transplant. Robust variance estimation was applied to all
models using the COVSANDWICH option in PROC PHREG in SAS.

The estimated survival probabilities from the Cox survival model before and after the use of PS
weights were plotted for comparisons. Survival rates and their 95% Cls were estimated based on
the Cox survival model and Kaplan Meier curves with median and 95% Cls were estimated.

Propensity Score Adjustment Method

The IPTW approach for propensity score adjustment was used for this analysis where different
weights can be applied depending on the objective of the analysis. In this analysis, two sets of
weighting approaches have been explored: the average treatment effect on the treated (ATT)
and the average treatment effect (ATE). It should be noted that the pre-specified protocol for the
propensity score analysis provided for ATE analyses as the primary analysis and these were the
data presented to the regulator for licensing. ATE analyses adjust (weight) both the treated and
untreated populations by assuming that they are drawn from one homogenous population,
requiring strong assumptions of ignorability and overlap between the studies.®® In contrast,
identifying the ATT, which adjusts (weights) the control population only, requires ignorability in
mean but only for the outcome without treatment and a weaker version of overlap.®¢ Given the
orphan nature of this disease, and the consequent small sample size in the historical comparator
study, a matching analysis could not be undertaken to help further address the issue of
comparability.

In considering which of the ATE and ATT populations are most generalisable to the present
appraisal, it should be noted that the trial population in the BLAST study represents the
prospectively selected anticipated licensed population, whereas that in the historical comparator
represents a retrospectively identified population; given this, the population of interest for this
appraisal is likely to be the treated (ATT) population rather than a weighted mixture of the treated
and untreated (ATE) population (which reduces the weight given to some treated patients in
order to more closely match the population in the historical comparator study).
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Given this, the ATT weighting was the preferred approach, as results based on ATT weight can
be generalised to the population of patients in BLAST rather than the combined populations of
the BLAST and historical control studies. This is appropriate as the historical control study was
designed a priori to match patients in BLAST, and the use of propensity score analysis was
conducted only to control for residual confounding after matching. Although ATT weights were
used for base-case analyses, a scenario analysis was conducted using ATE weights; results of
the ATE analysis are presented in Appendix L and the impact of using these weights are
explored in a scenario analysis in the economic evaluation (Section B.3.8.3).

Results (ATT weights)
Balance in baseline covariates using ATT weights

The balance between treatment groups with respect to the 8 covariates, as well as a continuous
measure of WBC at diagnosis (log transformed), was assessed both before and after adjustment
and is summarised in Table 29. After adjustment, none of the p-values were significant and
I co\ariates had standard differences less than [l Three covariates with standard
differences greater than [l were: age, time from primary diagnosis to baseline and WBC at
diagnosis.
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Table 29. Covariate Balance Before and After Propensity Score Adjustments using ATT weights
Characteristic Unweighted Stabilised IPTW

Blinatumomab Standard Blinatumomab | Standard
Difference Difference

v
<
=
c
o©
i)
1

<
=
c
o©

Mean (SD)/n (%)

Age at primary
diagnosis (years)

Gender (Female)

Country (Not
Germany)

MRD at Baseline
(recoded)

Time from
diagnosis to
baseline
(months)
WBC at
diagnosis
(>30,000/mm?3)
WBC at
diagnosis
(continuous,
log10)

T411mll4
mutation (Yes)

Prior
chemotherapy
(GMALL)
Abbreviations: IPTW: inverse probability of treatment weighting; SD: standard deviation; MRD: minimal residual disease; WBC: white blood cell; GMALL: German Multicentre

ALL Working Group.
Source: Propensity score analysis report6®
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RFS

o Compared with SoC, blinatumomab reduces the risk of haematological relapse or death
and more than quintuples the median RFS in MRD+ BCP-ALL patients in
haematological CR.

In the analysis without censoring for HSCT, there was a [l reduction in the risk of relapse
or death ([ GGG 2ssociated with blinatumomab versus SoC. The median
haematological RFS was [l with blinatumomab compared with SoC chemotherapy
(). and the 18-month RFS rate with blinatumomab was || that with SoC
chemotherapy (Il The K-M curves presented in Figure 17 demonstrate a clear separation
in RFS over time between blinatumomab and SoC chemotherapy. This result is robust and is
supported across both ATT and ATE weighting methods (see Appendix L for ATE results). When
censoring for HSCT, blinatumomab resulted in statistically significantly longer RFS, with a
I <duction in the risk of relapse or death (JJll)). The similarity of the censored and
uncensored analyses suggests that blinatumomab provides improved outcomes independent of
transplant.®

Figure 17. RFS in BLAST versus SoC chemotherapy using ATT weights

Abbreviations: RFS: relapse-free survival; SoC: Standard of Care; ATT: average treatment effect for the treated
patients.
Source: Propensity score analysis report6®

oS

o Compared with SoC, blinatumomab reduces the risk of death by [}l I the
median OS in BCP-ALL patients in MRD+ haematological CR.

Without censoring for HSCT, as in the RFS results, there was a |l reduction in the risk of
death |l associated with blinatumomab versus SoC. Median OS was [l after more
than 40 months of follow-up, compared to a median of |l for SoC chemotherapy.
Furthermore, the 18-month OS was [l greater for blinatumomab compared to SoC
chemotherapy (). The K-M curves presented in Figure 18 demonstrate similar separation
between the survival curves for both ATT and ATE weighting methods (see Appendix L for ATE
results). When censoring for HSCT, blinatumomab resulted in statistically significantly longer OS,
with a [l reduction in the risk of death compared with SoC chemotherapy ([ ll)). The
similarity of the censored and uncensored analyses suggests that blinatumomab provides
improved outcomes independent of transplant.®
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Figure 18. OS in BLAST versus SoC chemotherapy using ATT weights

Abbreviations: OS: Overall survival; SoC: Standard of Care; ATT: average treatment effect for the treated patients.
Source: Propensity score analysis report®®

B.2.9.5 Uncertainties in the indirect and mixed treatment comparisons

The key uncertainty is the use of an historical control as there are inherent limitations to this
analysis. Notably the timing and method of MRD assessment varied by study group and the
average time is driven by the largest countries or study groups—baseline MRD assessment was
the time point from which RFS and OS were assessed in the PAS, therefore this may have led to
bias. The study is also vulnerable to transplantation status being a confounding factor as
transplanted patients may be systematically different, being younger, having a better general
health status or, crucially, other unmeasured characteristics (e.g., finding a suitable donor). As a
result, any differences between transplanted and untransplanted patients may not be because of
transplant only. It was also noted that the number of prior treatments received, and other sources
of heterogeneity arising from each study group following its own protocol, could also potentially
bias the interpretation of any results.

Furhtermore, as noted in Section B.2.9.4, the choice of ATE or ATT analysis is a further point of
uncertainty in the comparative analysis presented here. ATE was pre-specified in the analysis
plan, however, as the BLAST study population is expected to reflect the anticipated licensed
population more closely than the historical comparator study, and therefore the decision problem
for this appraisal, it was considered preferable to present the ATT analyses as these inform the
economic model inputs. It should be noted that overall ATE and ATT analyses were broadly
consistent—finding that blinatumomab was an effective treatment. The ATE analysis is
presented as a scenario analysis in the economic model to further address this uncertainty.

Whilst acknowledging the limitations and uncertainties, the historical comparator study was
specifically designed to include patients most closely matched to the BLAST population and is
anticipated to prove a robust basis for licensing, as well as for informing the economic analysis
required in this appraisal.

B.2.10 Adverse reactions

Summary of Adverse Reactions

¢ Blinatumomab has a highly tolerable safety profile; the alternative SoC chemotherapy is
associated with substantial adverse effects.
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o No new safety signals were observed in patients pooled from the MRD studies, beyond the
existing safety profile of blinatumomab.

¢ Neurological events occurred in 72% of patients receiving blinatumomab, however, more than
two thirds of the neurological adverse events associated with blinatumomab were mild to
moderate and decreased over time.

e The results of the safety analysis in adult MRD+ BCP-ALL patients reflect the known safety
profile of blinatumomab.

e The incidence of adverse events of interest in this patient population, including neurological
toxicities, cytokine release syndrome, and medication errors, did not suggest any new risks from
blinatumomab beyond those already identified.

The safety and tolerability data presented below are derived from pooled data from all patients
who received any infusion of blinatumomab in BLAST or MT103-202, and comparisons have
been drawn against the known safety profile of blinatumomab in adult relapsed or refractory Ph-
BCP-ALL (pooled data from MT103-206, MT103-211, and TOWER).67-6°

B.2.10.1 Safety profile of blinatumomab in MRD+ BCP-ALL

The MRD+ BCP-ALL safety analysis included 137 patients: 116 patients from BLAST and 21
patients from MT103-202. Table 30 presents the incidence of treatment-emergent AEs and those
considered related to blinatumomab (treatment-related AEs).”®

Table 30. Incidence of AEs in MRD+ BCP-ALL

Event Treatment-emergent Treatment-related
AEs AEs
(n=137) (n=137)
All AEs, n (%) 137 (100.0) 133 (97.1)
Serious 83 (60.6) 69 (50.4)
Grade 23 88 (64.2) 73 (53.3)
Grade 24 39 (28.5) 32 (23.4)
Fatal® 2 (1.5) 1(0.7)
Leading to permanent 23 (16.8) 16 (11.7)
discontinuation of
BLINCYTO
Serious 17 (12.4) 13 (9.95)
Grade 23 18 (13.1) 13 (9.5)
Grade 24 6 (4.4) 4(2.9)
Fatal® 2 (1.5) 1(0.7)
Leading to interruption of 39 (28.5) 35 (25.5)
BLINCYTO
Serious 29 (21.2) 26 (19.0)
Grade 23 22 (16.1) 20 (14.6)
Grade 24 8 (5.8) 7(5.1)
Fatal® 0(0.0) 0 (0.0)

Footnotes: 2Fatal events that occurred within 30 days of last blinatumomab treatment.
Abbreviations: AE: Adverse Event; BCP: B-Cell Positive; ALL: acute lymphoblastic leukaemia; MRD: minimal
residual disease.
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Source: Blinatumomab Clinical Overview®

All patients experienced at least one treatment-emergent AE; the most common (occurring in
220% of patients) were pyrexia (90.5%), headache (39.4%), tremor (29.2%), chills (28.5%),
fatigue (26.3%), nausea (23.4%), vomiting (21.2%), hypokalaemia (20.4%), and diarrhoea
(20.4%). The rate of treatment-emergent grade =3 AEs in MRD+ BCP-ALL patients was lower
than that reported in relapsed or refractory Ph— BCP-ALL (64.2% versus 83.9%, respectively).
Treatment-emergent serious AEs were reported in 60.6% of MRD+ BCP-ALL patients, a rate that
is consistent with the adult relapsed or refractory Ph— BCP-ALL population. The most common
(occurring in 25% of patients) were pyrexia (12.4%) and tremor (5.8%).7°

Treatment-related AEs were reported in 97.1% of MRD+ BCP-ALL patients, a higher rate than in
the adult relapsed or refractory Ph— BCP-ALL population (84.7%). The most common (>20%
patients) were pyrexia (86.1%), headache (27.7%), tremor (27.0%), chills (26.3%), and fatigue
(21.2%). Half (50.4%) of all MRD+ BCP-ALL patients were reported to have experienced a
treatment-related serious AE, compared with 32.6% of adult relapsed or refractory Ph— BCP-ALL
patients. Although the overall rate of treatment-related serious AEs was 50.4%, rates by
preferred term were low; only pyrexia (12.4%) and tremor (5.8%) were reported in 25% patients.
The higher incidence of treatment-related AEs in the MRD+ BCP-ALL population compared with
the relapsed or refractory Ph— BCP-ALL population is likely to have been driven by the rate of
grade <2 AEs, as the rates of grade =3 and grade 24 AEs were comparable across the two
populations (53.3% and 23.4% versus 54.9% and 23.1%, respectively). 7°

There were two deaths due to AEs that occurred within 30 days of the last blinatumomab
treatment: one was a fatal infection (atypical pneumonia) and considered related to
blinatumomab; the second was a subdural haemorrhage and was not considered to be
treatment-related.”®

Treatment interruptions due to treatment-emergent AEs were required in 28.5% of patients in the
MRD+ BCP-ALL population, mainly due to neurological events and flu-like symptoms associated
with T-cell activation. Treatment interruptions due to treatment-related AEs were required in
25.5% of patients. The rate of treatment interruptions in the MRD+ BCP-ALL population was
consistent with the relapsed or refractory Ph— BCP-ALL population; even with treatment
interruptions, 78% of MRD+ BCP-ALL patients achieved MRD negativity with one cycle of
blinatumomab treatment (pooled data from BLAST and MT103-202). Twenty-three patients
(16.8%) had AEs leading to permanent discontinuation of blinatumomab; the AEs were reported
as treatment-related in 16 patients (11.7%).7°

Table 31 summarises the incidence of treatment-emergent events of interest (EQIs) in MRD+
BCP-ALL patients. The rate of any-grade EOIls was consistent with the adult relapsed or
refractory Ph— BCP-ALL population; the rate of grade 23 or 24 EOIs was lower in the MRD+
BCP-ALL population (56.9% and 27.7% versus 75.8% and 41.9%, respectively).”®

Table 31. Incidence of treatment-emergent EOIls in MRD+ BCP-ALL

EOIs All treatment- EOIls All treatment-
emergent EOls emergent EOls
All treatment- 134 (97.8) Medication errors? 6 (4.4)
emergent EOls
Serious 74 (54.0) Serious 6 (4.4)
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EOls

All treatment-
emergent EOls

EOls

All treatment-
emergent EOls

Grade 23 78 (56.9) Grade 23 0

Grade 24 38 (27.7) Grade 24 0

Fatal 1(0.7) Neutropenia and 22 (16.1)

febrile

neutropaenia?®
Neurological 98 (71.5) Serious 7(5.1)
events?

Serious 31 (22.6) Grade 23 22 (16.1)

Grade 23 22 (16.1) Grade 24 17 (12.4)

Grade 24 3(2.2) Decreased 25 (18.2)

immunoglobulins?
Infections 64 (46.7) Serious 0 (0.0)

Serious 18 (13.1) Grade 23 7(5.1)

Grade 23 16 (11.7) Grade 24 0

Grade 24 4 (2.9) Capillary leak 1(0.7)

syndrome?

Fatal 1(0.7) Serious
Cytokine release 2.9 Grade 23
syndrome?

Serious (1.5) Grade 24 0

Grade 23 (1.5) Elevated liver 17 (12.4)

enzymes?

Grade 24 0 Serious 5(3.6)
Leukoencephalopat 1(0.7) Grade 23 11 (8.0)
hy?

Serious 1(0.7) Grade 24 6 (4.4)

Grade 23 0 Lymphopaenia? 9 (6.6)

Grade 24 0 Serious 6 (4.4)
Infusion reaction? 124 (90.5) Grade 23 9 (6.6)

Serious 19 (13.9) Grade 24 8 (5.8)

Grade 23 14 (10.2) Pancreatitis?® 1(0.7)

Grade 24 1(0.7) Serious 0
Embolic and 7 (5.1) Grade 23 0
thrombotic events?

Serious 4 (2.9) Grade 24 0

Grade 23 5(3.6) Tumour lysis 0

syndrome?

Grade 24 2 (1.5) Serious

Grade 23
Grade 24

Footnotes: 2No fatal events were identified in this category
Abbreviations: AE: Adverse Event; EOI: Event of Interest.
Source: Blinatumomab Clinical Overview’®
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Neurological AEs were experienced by 71.5% of MRD+ BCP-ALL patients, a rate similar to that
observed in the adult relapsed or refractory Ph— BCP-ALL population (66.9%). Most neurological
AEs were mild to moderate; the most common (occurring in 210% patients) were headache
(39.4%), tremor (29.2%), insomnia (16.1%), aphasia (11.7%), and dizziness (10.2%). Twenty-two
patients (16.1%) experienced a neurological AE of at least grade 3; no fatal neurological AEs
were reported. The median duration of neurological events was 10 days (95% CI: 6.0, 15.0).
Analysis of safety data from BLAST has demonstrated that most treatment-related neurological
AEs were mild to moderate; rates of grade =3 and grade 24 AEs were 12.1% and 2.6%. In
BLAST, the rate of neurological AEs decreased with each treatment cycle: from 47% in cycle 1 to
15% in cycle 4, and for grade 3 or higher neurological AEs from 10% in cycle 1 to 0% in cycles 3
and 4.70

Four MRD+ BCP-ALL patients (2.9%) were identified as having cytokine release syndrome. This
rate was considerably lower than that reported in the adult relapsed or refractory Ph— BCP-ALL
population (14.2%) and may be a result of the lower disease burden in this population in
haematological CR. Two patients (1.5%) experienced grade 3 cytokine release syndrome; no
grade 4 or 5 events were reported. Treatment with blinatumomab was interrupted in one patient
because of cytokine release syndrome.”®

Medication errors (coded as overdose or accidental overdose) occurred in six patients (4.4%) in
the MRD+ BCP-ALL population, a rate comparable to the adult relapsed or refractory Ph— BCP-
ALL population (3.8%). All medication errors were reported as serious, in accordance with
protocol guidance.”®

B.2.10.2 Summary of safety

The results of the safety analysis in adult MRD+ BCP-ALL patients reflect the known safety
profile of blinatumomab. The incidence of EOls in this patient population, including neurological
toxicities, cytokine release syndrome, and medication errors, did not suggest any new risks from
blinatumomab beyond those already identified. Indeed, more than two thirds of the neurological
adverse events associated with blinatumomab were mild to moderate and decreased over time.
The US and European approval of blinatumomab for the treatment of relapsed or refractory Ph-
BCP-ALL is contingent on a risk management plan to inform providers and patients (and their
caregivers) of the serious risk of neurological toxicities, cytokine release syndrome, and
medication errors. The results of the safety analysis in adult MRD+ BCP-ALL patients from
BLAST and MT103-202 reflect the known safety profile of blinatumomab. The incidence of EOls
in this patient population, including neurological toxicities, cytokine release syndrome, and
medication errors, did not suggest any new risks from blinatumomab beyond those already
identified.”®

B.2.11 Ongoing studies

No ongoing studies are expected to provide additional evidence for blinatumomab in MRD+
BCP-ALL in the next 12 months.

B.2.12 Innovation

With current SoC chemotherapies, patients with MRD+ BCP-ALL in haematological remission
have poor leukaemia-free survival and are less likely to receive successful allogeneic HSCT than
MRD negative patients.*®: ’! There are currently no treatment options specifically indicated for
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patients in this high-risk population and current chemotherapy regimens used are not effective;
therefore, there is considerable unmet need for MRD+ patients. Blinatumomab is the first therapy
specifically licensed in this indication, and represents a paradigm shift in how MRD+ patients are
managed. As the only therapy indicated specifically for the treatment of adults with MRD+ BCP-
ALL in haematological CR, blinatumomab is expected by clinical experts to become the standard
of care for this population.>®

Blinatumomab is a novel single-agent bispecific T-cell engaging immunotherapy with a first-in-
class mechanism of action that harnesses the body’s own immune system to recognise and
eliminate malignant cancer cells (see Section B.1.2). Blinatumomab’s innovative mechanism of
action facilitates transient connection of malignant cells with T cells, thereby inducing T-cell-
mediated killing of the bound malignant cell. By bringing T cells into close proximity with tumour
cells much more frequently than without blinatumomab, the surveillance and cytotoxic abilities of
the patient’s own T cells are greatly increased. This innovative and novel mechanism of action
provides clinicians with an alternative treatment option to conventional chemotherapies.5®

The innovative nature of blinatumomab was demonstrated by being the first bispecific antibody
construct to be approved by the FDA, approved 5 months ahead of schedule after receiving
“breakthrough therapy” designation in June 2014. Blinatumomab is approved in the EU and US
for the treatment of adults with relapsed or refractory Ph— BCP-ALL, and additionally for
paediatric patients with relapsed or refractory Ph— BCP-ALL in the US.7> 73

With this innovative mechanism of action, blinatumomab can induce a complete MRD response
in up to 80% of adult MRD+ BCP-ALL patients in haematological CR. Inducing a complete MRD
response in these patients reduces the risk of subsequent relapse, reduces the risk of HSCT
failure and improves OS, independent of HSCT. Compared with SoC chemotherapies,
blinatumomab reduces the risk of haematological relapse or death ||l and I the
median RFS in MRD+ BCP-ALL patients in haematological CR, independently of HSCT (Section
B.2.9.4). Compared with SoC, blinatumomab reduces the risk of death by |l and Gz
the median OS in MRD+ BCP-ALL patients in haematological CR (Section B.2.9.4).

Blinatumomab is also be associated with a number of benefits that may not be captured within
the NICE incremental cost-utility framework. For example, blinatumomab is an effective therapy
that can be administered in the outpatient setting, and therefore has the potential to reduce
duration of hospitalisation compared with current SoC chemotherapy regimens, which require
specialist nurses, limited hospital administration facilities and the high costs associated with the
management of complications. This may also increase valuable time at home for ALL patients.
Furthermore, by achieving sustained relapse-free survival, blinatumomab is expected to lead to
an increase in patients being cured of the disease, and is also expected to lead to an increase in
patients experiencing positive post-HSCT outcomes; in addition to the important survival benefit
this represents, sustained RFS may lead to greater productivity.

Based on the above, the introduction of blinatumomab as a highly innovative and well-tolerated
therapy with demonstrable efficacy to achieve MRD negativity after SoC chemotherapy
represents a paradigm shift in the management of patients with MRD+ BCP-ALL in
haematological CR. These patients currently have no licensed, targeted treatment options
available to them and blinatumomab has the potential to help address the considerable unmet
medical need for these patients.
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B.2.13 Interpretation of clinical effectiveness and safety evidence

B.2.13.1 Summary of the principle findings of the clinical evidence base

Clinical evidence

Blinatumomab is the first and only therapy specifically indicated for adults with BCP-ALL in
haematological remission that can be used to achieve MRD negativity after SoC therapy.

The confirmatory Phase Il BLAST trial in 116 patients supports the findings of MT103-202, and
demonstrates the ability of blinatumomab to induce a complete MRD response in the clear
majority of patients in haematological CR, irrespective of baseline covariates (Section B.2.6.1).
Furthermore, when compared to SoC chemotherapy using a purpose-designed, well-matched
historical comparator study, patients treated with blinatumomab demonstrate statistically
significantly longer RFS, with a |l reduction in the risk of relapse or death and ||| i
median RFS (Section B.2.9.4). Similarly, compared to SoC, patients treated with blinatumomab
also demonstrate statistically significantly [ Jll 0S. with a |l reduction in the overall risk
of death, while median OS was still |l even after 40 months’ follow-up (Section B.2.9.4).
Those patients who demonstrate a complete MRD response when treated with blinatumomab
also demonstrate a significantly longer RFS and OS than non-responders. Measures of response
in ALL were objectively defined by laboratory results, measured by a central laboratory,
rendering them less prone to bias from the physician or patient than may be the case in other
cancer indications.%®

None of the subgroups tested were determined to have a statistically significant effect on the
primary outcome of complete MRD response, demonstrating the robust treatment effect provided
by blinatumomab, even across older patients and those with a high level of MRD; both
populations which currently have limited treatment options. Only relapse history was considered
to have a statistically significant effect on RFS (P = 0.0044), and also on TTHR (P = 0.0031).

Health-related quality of life evidence

Patient HRQoL during treated with blinatumomab was assessed by the EORTC-QLQ-C30 and
EQ-5D scales. While patients treated with blinatumomab experience increased rates of appetite
loss, constipation, diarrhoea, and, to a lesser extent, nausea and vomiting, and dyspnoea, the
majority of these showed full or partial recovery to baseline levels at the end of the core study.

Furthermore, across all dimensions of the EQ-5D, patients experienced no reduction in HRQoL,
while in the EORTC-QLQ-C30 scales of social functioning and role functioning patients
experienced modest improvements, which persisted at the end of the core study.

A key benefit of blinatumomab is its position in the treatment pathway for MRD+ BCP-ALL
patients in haematological remission. MRD positive status is the key predictor of disease relapse,
and there are currently no approved therapies for these patients. The psychological impact on
such patients, in being told that there are no available treatments, may be considerable.
Blinatumomab, as the first therapy specifically indicated for patients with MRD+ BCP-ALL,
represents a paradigm shift and may provide increased hope for patients in this population.
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Safety evidence

Blinatumomab has previously been approved for use in adults with relapsed or refractory Ph—
BCP-ALL. As such, the safety profile of blinatumomab is well documented and the current
approved indication is contingent on a risk management plan to inform providers and patients
(and their caregivers) of the serious risk of cytokine release syndrome, neurological toxicities,
and medication errors. The AEs that occurred during treatment in the MRD+ BCP-ALL population
were consistent with the known safety profile of blinatumomab and no new safety signals were
observed.

Blinatumomab has a favourable benefit-risk ratio for the treatment of patients with MRD+ BCP-
ALL in haematological CR who would otherwise be at increased risk of haematological relapse,
death, and HSCT failure. Patients with haematological relapse face an imminent risk of death,
HRQoL decrement, and substantial costs. As described above, no other treatment options exist
that are specifically indicated for MRD+ BCP-ALL patients in haematological CR; blinatumomab
is therefore expected to become the SoC for this population.

Strengths of the clinical evidence base

A high rate of complete MRD response was observed in a trial designed with MRD-based
inclusion criteria and MRD response as the primary endpoint; furthermore, a high rate of
complete MRD response was observed across all MRD+ BCP-ALL subgroups, including patients
in first CR. A clear difference in survival outcomes between MRD responders and non-
responders was observed, supporting the value of achieving MRD negativity.

No new safety signals were observed and the comparative analysis with the MRD+ historical
cohort demonstrated that blinatumomab treatment is associated with RFS and OS benefits
compared with SoC chemotherapies: a complete MRD response achieved with blinatumomab is
associated with an improvement in RFS and OS.

No other treatment options are specifically indicated for patients with MRD+ BCP-ALL, and the
clinical evidence base presented establishes blinatumomab as a paradigm shift in therapy which
is expected by clinical experts to become the new standard of care for this rare and deadly
disease. The similarities of the results presented for the analyses censored at HSCT or post-
blinatumomab chemotherapy and the uncensored analyses support the achievement of MRD
negativity as an independent predictive factor for improved outcomes. Although single-arm trials,
which present acknowledged limitations for the evidence base, both BLAST and MT103-202
were assessed to be of high quality, using appropriate methods for data collection (Section
B.2.5) and the outcomes assessed in the study represented standard and objective outcome
measures for the assessment of ALL therapies.

Weaknesses of the clinical evidence base

The key limitation of the evidence base is the lack of randomised controlled trials to inform
relative efficacy estimates with blinatumomab. The single-arm nature of the BLAST and MT103-
202 trials means that any ‘placebo effect’ resulting from the receipt of an active intervention
(irrespective of the biological activity of that agent) cannot be adequately accounted for, reducing
reliability of study results as a true estimation of treatment effect. Single-arm studies are more
susceptible to selection and assessment bias, which may further reduce confidence in study
results.
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However, whilst RCTs represent the current ‘gold standard’ of trial design, it is not always
possible or appropriate to conduct such a trial and single-arm studies may in some cases be the
most appropriate form of study design. In cases where there is no clear standard of care or
where currently available therapies have limited evidence of efficacy, it would be inappropriate
and unethical to randomise patients to placebo and a single-arm trial is the appropriate choice of
trial design. Given the high response rate observed in MT103-202, the well-established natural
history of the disease and the low numbers of potentially eligible patients, the regulator agreed
that a single-arm trial design was appropriate. A single-arm study design was chosen for BLAST
on the basis that there was no effective standard available therapy for patients with MRD+ BCP-
ALL.

Because of the single arm trial design an historical comparator study was required, which
included a relatively small number of patients all of whom were in CR1 in contrast to the mix of
patients recruited to BLAST (which covers the full anticipated license). Limitations which could
have affected the comparability of the historical cohort to the BLAST population included
differences in the MRD testing methods and timings between study sites, differences in local
treatment protocols, the effect of HSCT status on treatment outcomes, and prior treatments
received. However, the study was designed specifically to provide a population of patients
closely matched to the BLAST study, and ultimately provided a population of patients that was
highly generalisable to both BLAST and UK clinical practice. A comparison between BLAST and
the historical comparator study was performed using propensity score analysis for patients in
CR1. Both ATT and ATE weighting methods were used in order to consider the effect of any
difference in these populations; both methods demonstrated the efficacy of blinatumomab, but
the ATT weights were considered to better represent the population of the anticipated license.

B.2.13.2 Relevance of the clinical evidence base to the decision problem

Patient population

The patient population included in the BLAST study represents the anticipated licensed indication
under consideration in this appraisal and provides the most relevant evidence for its use. The
historical comparator study provides an appropriate historical control as to the effectiveness of
the previous standard of care in the BLAST study locations and is sufficient to allow for
comparisons clearly demonstrating efficacy to be made between BLAST and the previous
standard of care. It may be noted, however, that the historical comparator trial, as well as
recruiting a somewhat younger on average population, recruited a slightly more restricted
population (those at CR1 only) than the BLAST trial. It may be considered that ATT weights
(focussed on the BLAST population) rather than ATE weights (weighting between BLAST and
historical comparator populations) are more appropriate when interpreting the results of the
propensity score analysis.

Intervention

The BLAST trial provides evidence for the use of blinatumomab in the anticipated licensed
indication and was conducted in European and UK centres which are considered to provide
evidence generalisable to UK NHS treatment.

Comparators

The historical comparator study was designed to provide evidence for the standard of care in the
centres in which the BLAST study was conducted. The protocol aimed to provide a cohort of
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patients who were closely comparable to those recruited in the BLAST study to allow for
propensity matching analyses to provide estimates of relative efficacy for blinatumomab. The
approach of a single-arm study compared to an historical cohort was agreed with the regulator as
appropriate for this rare disease for which no specific treatments have previously been available.
The key difference of note between the historical cohort and the anticipated licensed indication is
that the historical cohort included only patients in CR1, who are expected to have a more
favourable outcome on the previous standard of care than those in CR2 and beyond.

Outcomes

The key outcomes measured in the trials, namely cytological complete response or relapse,
molecular complete response or MRD, and mortality are all objective measures of disease in ALL
and are unlikely to be affected by biases introduced by the study designs. As the experience of
adverse events and quality of life both involve more subjective judgements it is possible that the
open label, single-arm trial design may influence the observed outcomes, however it is not
expected that this will introduce significant uncertainty into the overall interpretation of the
evidence, given the clear and objective demonstration of efficacy observed in the trial.

B.2.13.3 End-of-life criteria

The evidence presented in Sections B.2.6 and B.2.9 demonstrates that blinatumomab for the
treatment of MRD+ BCP-ALL patients meets the criteria for a life-extending end-of-life treatment;
as described in Table 4, median OS in the historical comparator study was [}, while for
patients treated with blinatumomab, median OS was [l after more than 40 months follow
up (Section B.2.9.4). Compared to SoC chemotherapy, blinatumomab was found to reduce the
risk of death at 18 months by |l 't should be noted that in the historical control patients
treated with SoC chemotherapy, a small number of patients were observed to survive for a long
time. Given the skew caused by this small group of patients, it was considered appropriate to use
median OS values, rather than the mean, so as to more accurately represent the patient
population as a whole. This skew effect and use of median OS rather than the mean has been
noted in previous appraisals where the Committee agreed that consideration of medians was
more appropriate.”

Furthermore, given that blinatumomab is indicated for a rare condition in a very small number of
patients (85 per year) who have a huge unmet medical need and who stand to gain substantially
from access to blinatumomab, this therapy meets many of the criteria for appraisal under the
HST framework. Consequently, blinatumomab should be evaluated taking into account a wider
range of criteria about the benefits and costs.

Table 32: End-of-life criteria

Criterion Data available Reference in
submission
(section and page
number)
The treatment is Median OS, using ATT-weighted propensity B.2.9.4, pages 74-75
indicated for patients score matching analyses (Section B.2.9.4) for
with a short life SoC chemotherapy was
expectancy, normally :
less than 24 months
The estimated mean survival (undiscounted)
in the economic analysis was almost 5x
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greater than the median survival ([
years) in the SoC arm; however, this is
reflective of the small proportion of patients
who achieve long-term survival (~20%). For
this reason, the median survival is considered
to be a more suitable representation of the
anticipated survival in the patient population

as a whole.
There is sufficient Median OS, using ATT-weighted propensity B.2.9.4, pages 74-75
evidence to indicate score matching analyses (Section B.2.9.4),
that the treatment was not estimable after more than 40 months
offers an extension to | follow-up for blinatumomab thus
life, normally of at demonstrating a >20 month OS survival
least an additional benefit when compared to SoC.
3 months, compared
with current NHS The estimated mean survival (undiscounted)
treatment in the economic analysis was |l years

in the blinatumomab arm, resulting in an
incremental survival benefit of [l years

Abbreviations: OS: overall survival; ATT: average treatment effect on the treated; SoC: standard of care; CI:
confidence interval; N.E.: not estimable; NHS: National Health Service.

B.2.13.4 Conclusion

e Blinatumomab is the first and only drug indicated specifically for MRD+ BCP-ALL patients in
haematological CR (Section B.1.3).

e Blinatumomab achieves MRD negativity in 78% of MRD+ BCP-ALL patients in haematological
CR within the first cycle (Section B.2.6.1).

e Compared with SoC, blinatumomab reduces the risk of haematological relapse or death by
58% and more than quintuples the median RFS in MRD+ BCP-ALL patients in haematological
CR (Section B.2.9.4).

e Compared with SoC, blinatumomab reduces the risk of death by - and _
B thc median OS in MRD+ BCP-ALL patients in haematological CR (Section B.2.9.4).

o No new safety signals were observed in patients pooled from the MRD studies, beyond the
existing safety profile of blinatumomab (Section B.2.10).

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 85 of 285



B.3 Cost effectiveness

B.3.1 Published cost-effectiveness studies

No published cost-effectiveness studies were identified for blinatumomab in patients with MRD+
BCP-ALL in haematological CR. For details of the economic SLR, please see Appendix G.

B.3.2 Economic analysis

A partitioned survival analysis (PartSA) model was used to estimate expected RFS, OS, lifetime
costs of ALL treatment, and quality-adjusted life years (QALY's)s in patients with Ph- MRD+ B-
precursor ALL in haematological CR. The model was developed in Microsoft Excel. RFS, OS,
duration of treatment with blinatumomab, probabilities of HSCT, and utility values were based on
data from the BLAST and historical control studies and other sources. Because this is the first
economic evaluation in this disease area, a de novo economic model was required. The
modelling approach is similar to that used in the manufacturers submission to NICE in response
to the STA of blinatumomab in relapsed/refractory (R/R) Ph- B-precursor ALL.”

When possible, data from BLAST (MT103-203 Study) and the historical control (20120148
Study) were based on the 73 patients from BLAST and the 182 patients from the historical
control study who were included in the PAS of the propensity-matched comparison of patients in
the MT103-203 and 20120148 studies. This population includes patients in BLAST and the
historical comparator study meeting the following criteria:

e Ph- B—precursor ALL;
e First complete haematological remission (CR1);
e MRD+ at alevel of >1 x 1073;

e 218 years old at MRD positivity (20120148 Study) or first blinatumomab treatment (MT103-
203);

e Complete baseline covariate set;
e Time to relapse greater than 14 days from MRD detection (20120148 Study).

When possible, data for patients in the historical control were weighted using average treatment
effect among treated patients (ATT) weights calculated based on the inverse probability of
treatment weights (IPTWs) from the propensity matched comparison of BLAST versus the
historical control. ATT rather than average treatment effect (ATE) weights were used as results
based on ATT weight can be generalised to the population of patients in BLAST rather than the
combined populations of the BLAST and historical control studies. This is appropriate as the
historical control study was designed a priori to match patients in BLAST, and the use of
propensity score analysis was conducted only to control for residual confounding after matching.
Although ATT weights were used for base-case analyses, a scenario analysis was conducted
using ATE weights.

The cost of blinatumomab was based on the discounted price offered to the NHS through its
approved PAS. Other costs were based on NHS reference costs and published studies. The
incremental cost-effectiveness ratio (ICER) was expressed in terms of the incremental cost per
QALY gained.
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B.3.2.1 Patient population

The cost-effectiveness of blinatumomab was evaluated in patients with Ph- B-precursor ALL in
CR1 with MRD positivity. This population represents a subgroup of patients in the BLAST trial,
and is narrower than the anticipated license considered in the submission. This population is
appropriate for the economic evaluation as it is expected that blinatumomab will be used as early
as possible in the treatment pathway where the benefits of treatment are likely to be greatest.
Given the lack of data for a historical control in patients in second or subsequent haematological
relapse (CR2), evaluation of cost-effectiveness in the broader set of patients was infeasible. It
should be noted that in the NICE guidance TA450 recommending blinatumomab for previously
treated Ph- ALL, the appraisal committee concluded that, among patients with R/R ALL, those
with no salvage therapy would be the most relevant population for the appraisal as it is consistent
with where the product will most likely be used in routine clinical practice.”® The general
approach of focusing on early use in the treatment pathway is therefore consistent with the
appraisal committee conclusions in the prior assessment of blinatumomab in R/R ALL.

B.3.2.2 Model structure

The model is implemented as a Microsoft Excel workbook and uses a PartSA approach with
states defined based on relapse and death. PartSA is a transparent, intuitive approach which
yields estimates of survival that correspond closely to survival observed during the study that are
the basis for the evaluation.”® The PartSA approach has been used in numerous prior economic
analyses of treatments for oncology therapies including haematologic malignancies,’® and in the
recent manufacturer’s submission in response to the STA of blinatumomab in R/R B-precursor
ALL.7®

Despite its strengths, limitations of this approach should be noted. Unlike state transition models
(e.g., Markov cohort models or patient-level simulations), the PartSA approach does not permit
explicit modelling of dependencies among clinical events such as MRD response, relapse,
allogeneic HSCT, receipt of salvage therapy and survival. While it is theoretically possible to
build a state transition model that could incorporate the relationships between these various
endpoints, the estimation of such models in this instance would face a host of challenges
including limited sample size available for modelling due to the rarity of the disease of interest,
potentially incorrect specification of the distributions of conditional (i.e., transition) probabilities,
and the likely need for additional assumptions regarding the nature of dependencies and the
effects of treatment, as well as potential biases in the estimation of transition probabilities due to
informative censoring.”” Given the relative importance of OS in determining the economic value
of blinatumomab in this indication, and the availability of survival for patients receiving SoC from
the historical control study out to approximately eight years, the strength of the partitioned
survival model in fitting to observed survival data outweighs the potential theoretical benefits of a
structural model of OS based on interim endpoints. To address concerns regarding biases
associated with extrapolation of survival projections, model projections of RFS and OS were
compared against external data on long-term survival by MRD response. This approach is
consistent with recent recommendations for the conduct of economic evaluations based on
PartSA by the NICE Decision Support Unit (DSU).”®

The PartSA model used in the economic analysis includes three states: relapse-free (RF), post
relapse (PR) and dead. All patients are assumed to enter the model in the RF state. During the
course of the modelling time horizon, patients may experience relapse and enter the PR state or
die and enter the death state. Relapse is defined as haematological relapse as described in the
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BLAST trial. Patients who are alive are divided (or “partitioned”) according to relapse status
under the assumption that relapse has implications for HRQoL and costs. Membership in the
three states over time is determined by survival curves for RFS and OS. RFS provides the
proportion of patients remaining in the RF health state over time. Membership in the dead state is
calculated as the complement of the OS curve (i.e., one minus OS) at each point in time.
Membership in the PR state is calculated as the difference between OS and RFS at each time
point. The process of deriving membership in the RF state and the dead state (PR]t]) and
Dead][t], respectively) is illustrated in Figure 19.

Figure 19. Simplified schematic of PartSA model
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Abbreviations: RFS: relapse-free survival; OS: overall survival, PRS: post-relapse survival.

HRQoL is assumed to be conditional on health states and, for patients in the RFS state, on
versus off blinatumomab treatment, and MRD response. Costs of follow-up and monitoring also
are assumed to depend on health states. Costs of blinatumomab therapy are modelled
independently of health states. Patients receiving SoC maintenance therapy are assumed to
receive it for a maximum of 2 years or until relapse, allogeneic HSCT, or death, whichever occurs
first. Because data on the incidence of allogeneic HSCT in BLAST and the historical control
study were reported only up to relapse, costs of HSCT occurring before and after relapse are
considered separately. Those occurring before relapse are modelled independently of relapse
(i.e. the probabilities of receiving pre-relapse HSCT are not contingent on RFS).

For the purpose of calculating the costs of HSCT and salvage therapy, the model accounts for
the proportion of RFS events that are deaths versus relapses. Those for whom the RFS event is
relapse are assumed to (potentially) incur the costs of post-relapse HSCT and salvage treatment.
For the purpose of discounting, the costs of salvage therapy and post-relapse HSCT is assumed
(for convenience) to be incurred at relapse (this assumption is reasonable because most patients
who receive salvage will get it soon after relapse and those who receive HSCT will likely get it
soon after response to salvage treatment). Those who die are assumed to incur ALL-related
terminal care costs.

It should be noted that in the base-case, it was assumed that salvage therapy for patients
experiencing relapse would be SoC chemotherapy, consistent with the salvage therapy received
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among patients in the BLAST trial and the historical control study. While the model estimates of
OS and RFS are internally consistent with this assumption, it does not reflect the likely use of
blinatumomab in patients with R/R ALL as salvage therapy given the recent NICE guidance.’”®
Because modelling of a “counterfactual” scenario in which relapsing patients would receive
blinatumomab was not feasible using the data from BLAST and the historical control study within
the partitioned survival model structure, a scenario analysis was conducted in which incremental
costs and QALY's generated by the model were adjusted to reflect the difference between
treatments in the percent of patients receiving blinatumomab as salvage therapy and the
incremental costs and QALY associated with blinatumomab versus SoC chemotherapy salvage
for patients without prior salvage therapy based on the economic model used in the evaluation of
blinatumomab versus SoC salvage therapy in R/R ALL.”® This scenario is described in greater
detail in Section B.3.8 below.

In the base-case as it was assumed that the parametric survival distributions used in the model
would accurately reflect the short and long-term impact of blinatumomab on RFS and OS.
Scenario analyses were conducted in which it was assumed that after some defined period of
time (“duration of benefit”), patients receiving blinatumomab will have the same RFS and OS
hazards as patients receiving SoC therapy.

To account for the long-term age-related increase in non-ALL related mortality, estimated
survival distributions for RFS and OS are combined with age- and sex-matched general
population mortality estimates. In particular, the model uses the maximum of the probability of
death from the RFS and OS distributions and the general population mortality, adjusted to reflect
the potential long-term effects of complications of cytotoxic chemotherapy, and/or allogeneic
HSCT on survival. Thus, the adjusted general population mortality is used as a floor below which
the mortality in the model may not fall. To calculate age- and sex-matched mortality, mean age at
therapy initiation was assumed to be 45.4 years and 56.2% of patients were assumed to be
male, based on the demographic characteristics of the CR1 population in BLAST.%¢

In the base-case, it was assumed that patients who remain alive after five years no longer incur
ALL-related costs (other than follow-up care for allogeneic HSCT received previously) and have
HRQoL consistent with age- and sex-matched general population norms, adjusted to reflect the
potential long-term effects of complications of radiotherapy, cytotoxic chemotherapy, and/or
allogeneic HSCT on HRQoL. This assumption is based on clinical expert opinion that patients
who survive for five years are likely to be cured of ALL, but may have residual decrements in
HRQoL due to prior treatments.

For HRQoL, data on the decrement in utility values associated with long-term effects of
complications of radiotherapy and cytotoxic chemotherapy are unavailable. Accordingly, it was
assumed that utility values in long-term ALL survivors would, at best, rebound to mid-way
between the utility value for patients with MRD response following blinatumomab therapy and the
age- and sex-matched general population utility value. Accordingly, when applying the general
population utility values, these values were adjusted by a constant absolute decrement equal to
one half the difference in the age- and sex-matched general population utility value and the
estimated utility value for patients with MRD response after blinatumomab therapy.

For mortality, it was assumed in the base-case that the probability of death is never less than 4-
fold greater than the age- and sex matched general population mortality. This assumption is
based on several considerations. Data on long-term (i.e., >10 years) excess mortality for adult
patients with MRD+ Ph- B-precursor ALL in first haematological CR receiving blinatumomab or
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SoC maintenance therapy in the modern era are unavailable. Because many long-term survivors
are likely to have received allogeneic HSCT, data on long-term survivorship for transplant
survivors may be an appropriate proxy for estimating long-term survivors in the model. Numerous
studies have examined the long-term excess mortality of patients undergoing stem cell
transplants and have reported that although mortality rates decline dramatically during the first
few years after transplant, they remain elevated for many years after transplant.”®-83 In the NICE
appraisal consultation for inotuzumab ozogamicin, the appraisal committee’s preferred
assumption was a 4-fold increase in mortality versus general population 3 years after stem cell
transplant.®* 85 This assumption was based on data from study by Martin et al. (2010) of 2,574
patients who survived without recurrence of the original disease for at least 5 years after
allogeneic or autologous haematopoietic cell transplantation from 1970 through 2002 at Fred
Hutchinson Cancer Research Center and the University of Washington, Seattle, WA.”® These
authors reported a four- to nine-fold increase in mortality relative to the general population after
15 years. The use of the value from the lower end of this range was based on the
acknowledgement of the evidence review group that the data on long-term survival from this and
other studies are based on cohorts of patients who received transplant decades ago and
therefore may overstate long-term mortality for patients receiving transplant in current practice. In
the case of the Martin study, the mortality ratio versus the general population declined to 4.0 until
approximately 15 years after which it increased to 9.0 by 25-30 years. However, the person time
during this period is heavily weighted towards patients who received transplant early in the study
and for whom outcomes are likely to be less favourable. Hence, the significance of the increased
risk in years 15-30 reported by Martin is highly uncertain. Additionally, patients receiving
transplant in earlier stages may experience better outcomes than those receiving it in later
stages. Wingard and colleagues (2011) reported that stage at transplant was a predictor of worse
survival in ALL patients who survived = 2 years after allogeneic HSCT (multivariate relative risk =
1.77 for late versus early).”® Socié et al. (1999) reported that that among patients with ALL who
survived two years after transplant, the HR of death for patients in CR2 was 1.75 versus those in
CR1.82 Based on these considerations, a 4-fold increase in mortality was assumed, consistent
with that assumed for post-transplant patients in the NICE appraisal consultation for inotuzumab
ozogamicin.

Key features of the economic analysis are summarised below in Table 33.

Table 33: Features of the economic analysis

Current appraisal

Factor Chosen values Justification
Modelling PartSA PartSA is a transparent, intuitive
approach approach which yields estimates of

survival that closely correspond to
those observed during the trial. The
PartSA approach has been used in
prior economic analyses of treatments
for haematological malignancies
including that in the recent
manufacturer’s submission for
blinatumomab in R/R B-precursor
ALL. Data on survival for patients
receiving SoC from the historical
control study was available out to
approximately 8 years, limiting the
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need to develop a structural model of
OS based on interim events.

Time horizon

50 years

A 50-year time horizon corresponds to
a lifetime projection for a typical
patient in the CR1 population of
BLAST. The mean age of
blinatumomab patients in the
propensity matched analysis of
BLAST and the historical control was
45.4 years. After 50 years, under
base-case assumptions,
approximately 98% of patients in the
SoC group are projected to be dead.

Cycle length

1 week

A weekly cycle length was used to
permit accurate estimation of survival
without the need for half-cycle
correction.

Treatment waning
effect?

None

It is assumed that the parametric
survival distributions fit to the data on
RFS and OS for the matched
populations of BLAST and the
historical control study capture any
waning of the treatment effects of
blinatumomab on these endpoints.
The use of limited duration treatment
effects was examined in scenario
analyses.

Source of utilities

Utility values for the RFS state
were based on data on EQ-5D
utility value from the BLAST trial
using UK tariffs. Utility values for
patients in PR were based on EQ-
5D utility values mapped from the
EORTC QLQ-C30 among for
patients receiving SoC
chemotherapy in the TOWER ftrial.
Utility values for long-term
survivors were based on general
population norm utility values,
adjusted for a long-term decrement
in utility due to exposure to
cytotoxic chemotherapy and
HSCT.

Use of EQ-5D utility values is
consistent with the NICE reference
case.®® Data on HRQoL for patients
receiving SoC maintenance were
unavailable and were based on
estimates of EQ-5D utility values
among patients in BLAST who were
off therapy by MRD response.
Because post-relapse utility
assessments in BLAST were limited in
number, post-relapse utility values
were based on utility values for
patients receiving SoC salvage
therapy in the TOWER trial of
blinatumomab as salvage therapy for
R/R B-precursor ALL.

Source of costs

Estimates of exposure to
blinatumomab and receipt of
HSCT were from BLAST and the
historical control study. The price
of blinatumomab was based on the
discounted price offered to the
NHS through an approved PAS.
Cost of HSCT was from published
sources. State dependent
healthcare resource use was
based on face-to-face interviews of
UK clinicians. Costs of other
medications were from the BNF or

Consistent with the NICE reference
case.B®
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eMIT. Other unit costs were based
on NHS reference costs.

Discounting 3.5% for costs and effective (1.5% | Consistent with the NICE reference
for health outcomes in sensitivity case.®
analysis).

Abbreviations: R/R: relapsed or refractory, ALL: acute lymphoblastic leukaemia; SoC: standard of care; OS:
overall survival; CR1: first complete response; RFS: relapse-free survival; EQ-5D: EuroQol Five Dimensions;
EORTC-QLQ-C30: quality of life of cancer patients questionnaire; UK: United Kingdom; BCP: B-cell precursor;
HSCT: haematopoietic stem cell transplantation; MRD: minimal residual disease; NHS: National Health Service;
PAS: patient access scheme; NICE: National Institute for Health and Care Excellence; BNF: British National
Formulary; eMIT: Drugs and pharmaceutical electronic market information.

B.3.2.3 Intervention technology and comparators

The intervention of interest is < 4 consecutive cycles of blinatumomab 28 ug/day at a constant IV
infusion over 28 days followed by an infusion-free interval of 14 days, with treatment stopped
following haematological relapse and with patients suitable for HSCT after 21 cycle of
blinatumomab possibly receiving allogeneic HSCT instead of further cycles of blinatumomab.
This treatment is consistent with that employed in BLAST with the exception that blinatumomab
will be assumed to be administered at 28 pg/day, in line with the currently approved dosage,
rather than the 15 ug/m?/day dosage employed in BLAST. Consistent with protocol of the BLAST
trial, patients receiving blinatumomab were assumed to receive IT triple combination CSF
prophylaxis consisting of 4 mg of dexamethasone, 15 mg of methotrexate, and 40 mg of cytosine
arabinoside (cytarabine) every 3 months until relapse or receipt of HSCT for two years. Although
the protocol allowed for continuing CSF prophylaxis after 2 years based on investigator
discretion, it was assumed to be limited to two years in order to be consistent with that assumed
for maintenance therapy (see Section B.3.5).

The only comparator of interest is SoC treatment, which is assumed to be conventional
maintenance chemotherapy for MRD+ patients in haematological CR. Based on the maintenance
regimen for non-transplant patients used in the UKALL14 trial, a randomised phase Il trial of
SoC chemotherapy with or without rituximab, and with or without nelarabine, in patients with
newly-diagnosed ALL,*® SoC maintenance therapy was assumed to include the following:

e Vincristine 1.4 mg/m? (max 2 mg/dose) IV every 3 months for 2 years

e Prednisolone 60 mg/m? orally 5 days every 3 months for 2 years

e Mercaptopurine 75 mg/m? orally daily for 2 years

e Methotrexate 20 mg/m? orally once per week for 2 years

e CSF prophylaxis with intrathecal methotrexate 12.5mg every 3 months for 2 years
Maintenance therapy was assumed to be discontinued upon relapse or receipt of SCT.

In BLAST, CR was defined as having < 5% blasts in bone marrow after at least 3 intense
chemotherapy blocks. Accordingly, it is appropriate to assume that patients receiving
blinatumomab will have already received induction, intensification, and consolidation therapy,
and that maintenance therapy is therefore the appropriate comparator. This approach may be
conservative, however, as it is anticipated that blinatumomab will be used in the post-induction

setting, and therefore may replace the use of intensification and consolidation therapy as well as
maintenance treatment.
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B.3.3 Clinical parameters and variables

B.3.3.1 Relapse-free and overall survival

Because survival distributions for RFS and OS in BLAST were incomplete, it was necessary to
extrapolate survival distributions beyond the end of the trial to obtain unbiased estimates of the
gains in life expectancy and QALY's with blinatumomab. This extrapolation was performed by
fitting parametric models to individual patient data on RFS and OS from the patients in the
propensity-matched analysis of patients from BLAST and the historical comparator study based
on the ATT-weights.

The fitting of parametric models was performed using Flexsurv, an R package for fully-parametric
modelling of survival.8” A wide range of parametric distributions were considered, including the
exponential, Weibull, log-logistic, lognormal, Gompertz, gamma, and restricted cubic spline
(RCS) distributions.

For each time-to-event outcome (i.e. RFS and OS) and distribution, models were estimated
alternately (a) including a single indicator variable for treatment group in the model formulation
(“restricted models”) and (b) including treatment-group interaction terms for every distributional
parameter (“unrestricted models”), as shown in Table 34. With both approaches, the distributions
of survival for the treatment and control group are assumed to be of the same class (e.g., both
are Weibull). However, with the first approach (restricted models), the effect of treatment is
restricted to a single distributional parameter (e.g. the scale parameter of the Weibull distribution)
and yields projections of survival that are consistent with proportional hazards, accelerated
failure time, or other univariate treatment effect models, depending on the distribution (e.g. the
Gompertz is a proportional hazards model, the lognormal and log-logistic are accelerated failure
time models, and the exponential and Weibull are both proportional hazards and accelerated
failure time models). The second approach (unrestricted models) places no such restrictions on
the distributional parameters or the assumed nature of treatment effect within the class.
Estimating these restricted and unrestricted models in this way permits comparison of the
Bayesian information criterion (BIC, and other fit statistics) for unrestricted and restricted models
(which would not be possible if the unrestricted models were estimated as two separate
regression equations — one for each arm of the trial). The assumption that the distributions of
survival for the treatment and control group are of the same class is reasonable because any
differences in shapes between arms can generally be accommodated by the use of unrestricted
forms of more flexible survival distributions (e.g. RCSs).

Table 34. Alternative parameterisations of the treatment effect employed in parametric
non-cure models

Treatment Effect Restricted Unrestricted

HR, acceleration factor (AF), or
other treatment v v

effect parameter

Other parameters x v

Abbreviations: HR: hazard ratio; AF: acceleration factor.

In addition to the parametric models described above, parametric cure models were fitted using
the stsrsmix and strsnmix Stata procedures,® in order to account for the potential that a
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significant subset of patients who might experience long-term RFS or OS. The use of parametric
cure models is appropriate under such circumstances.® Both mixture and non-mixture cure
models were considered. Mixture cure models treat the patient population as a mix of cured and
uncured patients, where cured patients are at no excess risk for the event and uncured patients
face excess risk as modelled by a simple parametric survival distribution (e.g. Weibull, lognormal,
gamma). By contrast, non-mixture models rescale a simple parametric survival model such that
survival asymptotically approaches the estimated cure fraction. Both mixture and non-mixture
models were run using Weibull, lognormal, and gamma as baseline distributions.

For each time-to-event outcome (i.e. RFS and OS) and distribution, parametric cure models were
estimated alternately (a) including a single indicator variable for treatment group which varied the
cure fraction in the model formulation (“cure”), (b) including treatment group interaction terms
which varied the cure fraction and a single parameter of the baseline distribution (“cure +
restricted”), and (c) including treatment-group interaction terms for every distributional parameter
(“cure + unrestricted”), as show in Table 35.

Table 35. Alternative parameterisations of the treatment effect employed in parametric
cure models

Treatment Effect Cure Cure + Restricted Cure + Unrestricted
Cure probability v v v
HR or AF x v v
Other parameters x x v

Abbreviations: HR: hazard ratio; AF: acceleration factor

Selection of parametric distributions for RFS and OS was based on several factors, including
internal consistency, statistical fit, visual fit, evidence related to the underlying treatment effect
model, and consistency with available external data. In order to leverage the larger number of
events observed and ensure internal consistency, the base-case RFS distribution was selected
first and then used to inform the selection of an OS distribution.

Internal consistency between RFS and OS distributions was assessed in two ways. First, OS
distributions were considered inconsistent with a given RFS distribution if they crossed at any
time during the model projection, since this would present a logical inconsistency. While it would
be possible to resolve this consistency by simply setting RFS to the minimum of selected RFS
and OS distributions, this would imply that, from that time forward, no patients would be
remaining alive following their first relapse. Such a result would be inconsistent with clinical
opinion previously accepted by the appraisal committee for the NICE STA of blinatumomab in
Ph- R/R ALL, which accepted the proposition that some R/R patients are effectively cured.” If a
subset of relapsing patients achieve long-term survival, then RFS should remain below OS
throughout the model projection. Based on these factors, OS distributions which crossed the
selected RFS distribution were not considered. Second, OS distributions were preferred if the
difference in expected post-relapse survival (PRS) for blinatumomab and SoC was relatively
small, as the benefits of blinatumomab in patients in CR1 and MRD+ on PRS are more
uncertain.

With respect to statistical fit, the BIC statistic was used as the primary fit statistic since it
penalises overly complex models and its use mitigates the risk of overfitting statistical noise in
the tails of the observed distributions.
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Diagnostic plots for the nature of treatment effects were produced using an extension of an
approach proposed by Bagust and Beale and in accordance with recommendations from the
NICE DSU Technical Support Documents on survival analysis.® 9 With this extended approach,
an estimated treatment effect for each of four different treatment effect assumptions (i.e. constant
shift in survival time, accelerated failure time, proportional hazards, and proportional odds) was
applied to failure times in the control group to obtain a counterfactual Kaplan-Meier (K-M)
survival distribution for the control group reflecting the expected outcome had those patients
received study treatment with the specified treatment effect assumption. The counterfactual
control group survival distribution was then compared with the observed survival distribution for
the group receiving study treatment. If the treatment effect assumption is accurate, the two
curves should overlap. This approach permits comparisons of different treatment effect
assumptions on the same (natural) scale. Deviations from proportional hazards were also
assessed based on the Schoenfeld residuals.

The external validity of RFS and OS distributions were based on comparisons of model
projections with estimates of EFS and OS from Berry et al., the most recent and only meta-
analysis of studies assessing the association between MRD status and clinical outcomes such as
RFS and OS in adults with ALL (EFS in the study by Berry et al. was assumed to be
approximately equivalent to RFS in BLAST and the historical control study).3* Event-free survival
(EFS) and OS by MRD response from this study are shown in Figure 20. Patients with MRD
response had statistically significant improvements in EFS and OS, both in terms of the HR and
the probability of survival at ten years, suggesting a large and durable effect of MRD response on
outcomes. However, reported EFS and OS from Berry et al. (2017) were nearly identical, with
EFS exceeding OS at ten years both for those with and without MRD response. This discrepancy
may result from the different set of studies included in the analyses of EFS and OS by Berry et
al. While this lack of internal consistency means that projections of EFS and OS based on Berry
cannot be used without adjustment to inform model projections, they were still considered to
contain information relating to the shape of RFS and OS curves, as well as the magnitude of
benefit which might be expected based on MRD response.

Benchmark projections of EFS and OS were therefore obtained by weighting the MRD+ and
MRD- patients in Berry based on estimated MRD response rates. For patients receiving
blinatumomab, the proportion with MRD response was based on the percent of patients with
MRD response among the 73 blinatumomab patients in the propensity-matched analysis of
BLAST and the historical control study (83.6%). It should be noted that this percentage included
2 patients who achieved response in cycle 2 of BLAST (whereas the primary endpoint of BLAST
only included patients with MRD response at the end of cycle 1). For patients receiving SoC
maintenance therapy, the proportion of patients who might achieve a delayed MRD response is
unknown, as this information was not examined in the historical control study, and has not been
reported in the literature. Discussions with clinical experts indicate that this proportion is no
greater than 10%. It was therefore assumed that 8% of patients receiving SoC maintenance
therapy would achieve a delayed MRD response.
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Figure 20. EFS and OS among MRD+ and MRD- ALL patients from meta-analysis by Berry
et al.
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Source: Berry et al. (2017)3*

Projections of EFS based on Berry et al. are shown alongside RFS from BLAST and the
historical comparator study in Figure 21a. Projections based on Berry consistently overestimated
RFS compared to those from BLAST and the historical comparator study (potentially due to
heterogeneity of population and definition of the end point as discussed above), but appeared to
have a similar shape. In order to align projections of RFS for SoC with the historical comparator
study for the purposes of visual analysis only, a HR of 1.60, chosen based on visual inspection
was applied to the RFS estimates from Berry et al., as shown in Figure 21b.3* The application of
this same hazard also aligned projections for blinatumomab based on the study by Berry and
BLAST, indicating the impact of MRD response on RFS as predicted based on Berry was aligned
with what was observed in BLAST and the historical control study.

Figure 21. Projected RFS based on Berry et al. for blinatumomab and SoC versus BLAST
and historical control study
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Footnotes: Adapted from Berry et al. (2017)3*
Abbreviations: RFS: relapse-free survival; SoC: standard of care; HR: hazard ratio.
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When considering OS, the overall shapes of the survival curves are also highly similar, and while
projections yielded comparable estimates of OS for SoC to the historical control study, those for
blinatumomab somewhat overestimated OS for blinatumomab relative to BLAST. This suggests,
that the survival benefit of MRD response was larger in Berry than in BLAST and the historical
comparator study, which could be due to the heterogeneity in various factors across the different
studies contributing to the meta-analysis by Berry et al. including the patient populations, timing
of MRD testing, and the threshold of MRD negativity, etc. Nevertheless, analysing the overall
shapes of the curves provides a useful validation of survival for the population considered in the
decision problem

Relapse-Free Survival

K-M estimates of ATT-weighted RFS in the CR1 subgroup are shown in Figure 22. Clear
separation was observed between blinatumomab and SoC throughout the follow-up of BLAST. A
general pattern of decreasing hazards was observed with long periods without events at the tail
in both arms.

Figure 22. K-M estimates, ATT-weighted CR1 RFS
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Abbreviations: ATT: average treated effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival, SoC: standard of care.

Statistical fit, as measured by BIC, is shown for all distributions in Figure 23. Statistical fit varied
widely between distributions, with a score of 1,222 for the best fitting restricted Gompertz
distribution and 1,321 for the worst-fitting exponential distribution. In order to focus on the best
fitting distributions, only the top five distributions were considered. Additional information on all
fitted RFS distributions can be found in Appendix P. Statistical fit for the top five distributions only
is shown in Figure 24.
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Figure 23. Fit statistics for parametric survival distributions fit to RFS for patients
receiving blinatumomab and SOC from propensity matched analysis of BLAST and
historical control study, ATT weights
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; R: restricted; U: unrestricted; RCS: restricted cubic spline; BIC: Bayesian information
criterion.

Figure 24. Fit statistics for five best-fitting parametric survival distributions fit to RFS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST
and historical control study, ATT weights
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; R: restricted; U: unrestricted; RCS: restricted cubic spline; BIC: Bayesian information
criterion.

Treatment effect counterfactual plots are shown in Figure 25. RFS from BLAST and the historical
comparator study were best represented by proportional odds and accelerated failure time, with
no systematic bias observed. Proportional hazards performed well during the first 18 months of
the study, but overestimated the magnitude of benefit during the remainder of the study.
However, no significant deviation from proportional hazards was identified in the Schoenfeld
residuals (Figure 26). A fixed shift in RFS was ruled out due systematic bias throughout the trial
follow-up.
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Figure 25. Treatment effect counterfactual plots for RFS for patients receiving
blinatumomab and SoC from propensity matched analysis of BLAST and historical control
study, ATT weights

Shift Acceleration

1.00 1.004

0.75 0.75

0.501 0.50 4 - ==
£ 0254 0.25
[
>
. 0001, : : : : 0001, : : : : :
‘; 0 100 200 300 400 500 0 100 200 300 400 500
% Proportional Hazards Proportional Odds
@ 1.00 1.00
o]
2
0O 0.75- 0.75

0.501 g = 0.501

0.25 0.25

000 L T T T T T T 000 L T T T T T T

100 200 300 400 500 0 100 200 300 400 500
Months

Group — Blincyto — SOC

Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; SoC: standard of care.

Figure 26. Schoenfeld residual plots for RFS for patients receiving blinatumomab and SoC
from propensity matched analysis of BLAST and historical control study, ATT weights
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; HR: hazard ratio.

Survival probabilities up to 12 years are shown in Figure 27. Visual fit was best for the
unrestricted Gompertz distribution, which showed no systematic bias in its projections for either
arm. Projections for the restricted Gompertz and Weibull non-mixture cure model both
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overestimated RFS for blinatumomab at the tail. The restricted RCS log-logistic and restricted
lognormal underestimated RFS for SoC beyond year four, with the latter projecting RFS at ten
years at the lower bound of the 95% CI of the historical comparator RFS K-M.

Figure 27. Survival probabilities to 12 years for five best fitting parametric survival
distributions fit to RFS for patients receiving blinatumomab and SoC from propensity
matched analysis
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; R: restricted; U: unrestricted; SoC: standard of care.

Estimates of the cure fraction for the top models for RFS are shown in Table 36. The restricted
and unrestricted Gompertz distributions, despite not being parameterised as cure models,
projected plateaus in RFS for both the SoC and blinatumomab arms.

Table 36. Estimated cure fractions for five best fitting parametric survival distributions fit
to RFS for patients receiving blinatumomab and SoC from propensity matched analysis of
BLAST and historical control study, ATT weights

Distribution Type Blinatumomab SoC
Gompertz Restricted 48.5% 16.0%
Gompertz Unrestricted 39.5% 17.2%

RCS Log-Logistic Restricted 0% 0%
Lognormal Restricted 0% 0%
Weibull Non-Mixture Cure 47.8% 15.8%

Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; SoC: standard of care; RCS: restricted cubic spline.

Model projections for each of the top five RFS distributions, incorporating age- and sex-matched
adjusted general population mortality rates as a floor for the hazards, are shown in Figure 28.
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Figure 28. Model projections for top five best fitting parametric survival distributions fit to
RFS for patients receiving blinatumomab and SoC from propensity matched analysis of
BLAST and historical control study, ATT weights

Gomperiz (R) | Gompertz (U) RCS Log-Logistic (R) I
1.00 4 | |
0754 |\ |
I"\ | I'ul
0504 {m. i [ \"'\
= 0251 =T i = TR -
o — e S | — P -
w 0.001 Bt P s —— ——
(=] T
0 10 20 30 40 50
_%" Lognormal (R) | Waeibull Non-Mixture (Cure)
8 1001
s}
&
0759 || A
1
0.50 4 [t
e — \'"-\._
i i e = s s N
DBU - B | e —
0 10 20 30 40 50 0 10 20 30 40 50
Years
Source — Model Treatment Blincyto — SOC

Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; R: restricted; U: unrestricted; SoC: standard of care.

External validity of model projections was tested versus the shape of the projections from Berry
et al. Projections based on the restricted Gompertz, unrestricted Gompertz, and Weibull non-
mixture cure models were considered to have high external validity due to the similar shapes of
the RFS curves as well as the similar difference in RFS at ten years. Projections based on the
restricted lognormal and restricted RCS log-logistic were deemed to have lower external validity
due to the overestimation of the hazard rates at 10 years, particularly for blinatumomab.

Criteria used in the selection of RFS are shown in Table 37. Only the top five best fitting RFS
distributions, according to BIC, were considered. The unrestricted Gompertz distribution was
chosen for use in the base-case due to its good statistical fit, visual fit, and external validity.
Projections of RFS based on the unrestricted Gompertz for blinatumomab were potentially
underestimated compared to Berry et al. while projections for SoC were overestimated. These
projections may therefore represent a conservative projection of benefit.

Table 37. Selection criteria, ATT-weighted CR1 RFS

Distribution Model A | Treatment | Visual | External Comments
Specification | BIC Effect Fit Validity
Counterfactual plots
suggest proportional
Gompertz Restricted -- Moderate | Moderate Good hazards may

overestimate long-
term benefit of
blinatumomab.

Good visual fit,
Gompertz Unrestricted | 3.53 -- Good Good statistical fit, and
external validity.
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Proportional odds
model.
Underestimates

Restricted 3.6 Good Moderate Poor benefit of
blinatumomab
relative to external
data.

RCS Log-
Logistic

Accelerated failure
time model. Poor
visual fit,
underestimates
benefit of
blinatumomab
relative to external
data.

Lognormal Restricted 5.14 Good Poor Poor

Treatment effect
parameterised as a
cure model, but also
follows proportional

hazards.

Cure 5.24 | Moderate | Moderate Good Counterfactual plots
suggest proportional
hazards may
overestimate long-
term benefit of
blinatumomab.

Weibull Non-
Mixture

Footnotes: Bolded distribution selected as base-case.
Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; RFS:
relapse-free survival; BIC: Bayesian information criterion; RCS: restricted cubic spline.

As noted above, calculation of the costs of allogeneic HSCT and salvage therapy requires
estimates of the proportion of RFS events that are deaths. For the base-case, these estimates
were based on percent of RFS events that were deaths in the propensity-matched analysis of
patients in BLAST and the historical control based on the ATT weights. As shown in Table 38,
based on the ATT IPTWs, the percent of RFS events that were deaths was 47.1% for
blinatumomab and 8.5% for SoC. The relatively high proportion of RFS events that were deaths
for blinatumomab likely reflects two factors. First, more patients underwent HSCT in BLAST, and
a notable proportion of patients undergoing transplant received transplants from mismatched
donors which require intensive immune suppressive medication to prevent host rejection by the
graft which leads to increased risk of severe, often deadly, infections. Second, capture of
relapses after transplant may have been incomplete in BLAST. It was not feasible to address the
extent of the underreporting of relapse in BLAST. Accordingly, for the base-case, the estimate
from BLAST was used. A scenario analysis was conducted assuming the proportion of RFS that
were deaths was only 20%.

Table 38. Distribution of RFS events for patients in the propensity-matched analysis of
BLAST and the historical control study

BLAST (Blinatumomab) | Historical Control (SoC)
RFS Events
N | % N | %
Unweighted
Death 16 47 1% 14 10.7%
Relapse 18 52.9% 117 89.3%
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Total 34 100.0% 131 100.0%
ATT-IPTW
Death 16 47 1% 10.4 8.5%
Relapse 18 52.9% 112 91.6%
Total 34 100.0% 122.3 100.0%
ATE-IPTW
Death 13.8 40.2% 13 10.1%
Relapse 20.5 59.8% 115.6 90.0%
Total 34.3 100.0% 128.5 100.0%

Abbreviations: RFS: relapse-free survival; SoC: standard of care; ATT: average treated effect on the treated;
IPTW: inverse probability of treatment weighting; ATE: average treated effect.

Overall Survival

K-M estimates of ATT-weighted OS in the CR1 subgroup are shown in Figure 22. Clear
separation was observed between blinatumomab and SoC throughout the follow-up of BLAST.
As with RFS, a strong pattern of decreasing hazards was observed in both arms.

Figure 29. K-M estimates of OS for patients receiving blinatumomab and SoC from
propensity matched analysis of BLAST and historical control study, ATT weights
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Abbreviations: ATT: average treated effect on the treated; CR1: first haematological complete response; OS:
overall survival; SoC: standard of care.

Statistical fit for all fitted distribution, according to BIC, is shown in Figure 30. In order to focus on
the best fitting distributions and maintain internal consistency with the selected base-case RFS
distributions, only the top five best-fitting distributions which did not cross (i.e. OS > RFS
throughout the model projection) the RFS unrestricted Gompertz distribution were considered.
Additional information on all fitted OS distributions can be found in Appendix P. Statistical fit for
the top five qualifying distributions is shown in Figure 31.
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Figure 30. Fit statistics all parametric distributions fit to OS for patients receiving
blinatumomab and SoC from propensity matched analysis of BLAST and historical control
study, ATT weights
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; R: restricted; U: unrestricted; RCS: restricted cubic spline; BIC: Bayesian information criterion.

Figure 31. Fit statistics for top five qualifying fitted distributions, ATT-weighted CR1 OS
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; R: restricted; U: unrestricted; BIC: Bayesian information criterion.

Treatment effect counterfactual plots are shown in Figure 32. OS from BLAST and the historical
comparator study were well represented by proportional odds, accelerated failure time, and
proportional hazards, with no systematic bias observed. A fixed shift in RFS was ruled out due
systematic bias throughout the trial follow-up. No significant deviation from proportional hazards
was identified in the Schoenfeld residuals (Figure 33).

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 104 of 285



Figure 32. Treatment effect counterfactual plots for OS for patients receiving
blinatumomab and SoC from propensity matched analysis of BLAST and historical control
study, ATT weights
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; SoC: standard of care.

Figure 33. Schoenfeld residuals for OS for patients receiving blinatumomab and SoC from
propensity matched analysis of BLAST and historical control study, ATT weights
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; HR: hazard ratio.

Survival probabilities for each of the top five fitted distributions, compared with the corresponding
K-M curves, are shown to 12 years in Figure 34. Visual fit was acceptable for all of the top five
distributions.
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Figure 34. Survival probabilities to 12 years for five best fitting parametric distributions fit
to OS for patients receiving blinatumomab and SoC from propensity matched analysis
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; R: restricted; U: unrestricted; SoC: standard of care.

Estimates of the cure fraction for the top models for OS are shown in Table 39. Since only
models consistent with the RFS restricted Gompertz — which projected a plateau in RFS for both
arms — were considered, all remaining models projected a plateau in OS for both SoC and
blinatumomab.

Table 39. Estimated cure fractions for five best fitting parametric distributions fit to OS for
patients receiving blinatumomab and SoC from propensity matched analysis of BLAST
and historical control study, ATT weights

Distribution Type Blinatumomab SoC
Lognormal Mixture Cure 45.3% 21.3%
Lognormal Non-Mixture Cure + Unrestricted 45.3% 19.3%
Lognormal Mixture Cure + Unrestricted 46.6% 21.0%
Weibull Non-Mixture Cure 42.8% 23.8%
Weibull Mixture Cure 46.8% 24.9%

Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; SoC: standard of care.

Model projections for each of the top five OS distributions, with background mortality
incorporated, are shown in Figure 35.
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Figure 35. Model projections for five best fitting parametric distributions fit to OS for
patients receiving blinatumomab and SoC from propensity matched analysis
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Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS:
overall survival; R: restricted; U: unrestricted; SoC: standard of care.

External validity of model projections for the top five OS models were tested using projections
based on Berry et al., as shown in Figure 36. For blinatumomab, all five models overestimated
hazards relative to the external data but yielded a similar shape with a plateau slightly below that
of the external data. For SoC, hazard rates were overestimated initially but underestimated
afterwards resulting in the curves crossing and a slightly higher plateau than that of the external
data. All model projections were therefore considered to have moderate external validity.
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Figure 36. MRD response adjusted OS from Berry et al. compared with model projections
for five best fitting parametric distributions fit to OS for patients receiving blinatumomab
and SoC from propensity matched analysis
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Abbreviations: MRD: minimal residual disease; EFS: event-free survival; ATT: average treatment effect on the
treated; CR1: first haematological complete response; OS: overall survival; R: restricted; U: unrestricted; SoC:
standard of care.

Criteria used in the selection of the base-case OS distributions are shown in Table 40. The
lognormal mixture cure model was selected for use in the base-case due to its much better
statistical fit than the other distributions considered. The difference in BIC between the lognormal
mixture cure model and the next best fitting model was 8.87, within the range of 6-10 generally
considered strong evidence.®? Projections using this model may be conservative as they project
a smaller gain in survival than that implied by the external data, and a decrement after
approximately seven months in PRS.
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Table 40. Selection criteria, ATT-weighted CR1 OS

e Model Treatment . . External A PRS
Distribution e es A BIC Visual Fit ‘5 Comments
Specification Effect Validity (Years)
Best-fitting distribution among those
Lognormal consistent with base-case RFS.
I\%ixture Cure - - Good Moderate -0.70 Large difference in BIC versus next
best-fitting distribution.
Logno_rmal Non- Cure_+ 8.87 _ Good Moderate 20.69 Poor statistical fit.
Mixture Unrestricted
Poor statistical fit.
Log_normal Cure_ " 9.78 -- Good Moderate -0.65
Mixture Unrestricted
Poor statistical fit. Treatment effect
Welpull Non- Cure 985 Good Good Moderate 158 counterfactl._lal plots are supportive
Mixture of proportional hazards. Large
difference in PRS.
) ) Poor statistical fit. Large difference
Weibull Mixture Cure 15.02 -- Good Moderate -1.11

in PRS.

Footnotes: Bolded distribution selected as base-case.
Abbreviations: ATT: average treatment effect on the treated; CR1: first haematological complete response; OS: overall survival; BIC: Bayesian information criterion; PRS: post-

relapse survival.
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Sensitivity Analyses

In addition to the selected base-case distributions, alternate RFS and OS distributions were used
in several sensitivity analyses to test the sensitivity of model results to both structural
assumptions and parameter uncertainty. Alternate distributions of RFS and OS used in each
sensitivity analysis are shown in Figure 37.

Figure 37. Model projections of RFS and OS used in sensitivity analyses
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Abbreviations: RFS: relapse-free survival; OS: overall survival; ATE: average treatment effect; Mo: month; Blin:
blinatumomab; SoC: standard of care.

Alternate parametric forms for RFS and OS were considered in the “more favourable” scenario
and “less favourable” scenarios. For each scenario, an alternate RFS distribution was selected to
anchor model projections followed by reapplying selection criteria to obtain an internally
consistent projection of OS.

In the first alternative curve, the more favourable restricted Gompertz model was used to model
RFS. While this model assumes proportional hazards, which appeared to overestimate benefit
towards the end of follow-up of BLAST, it had the best statistical fit of any distribution considered
and appeared to somewhat more accurately reflect the magnitude of benefit as predicted by the
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external data on RFS by MRD response. Selection criteria used to identify the OS distribution
used in the more favourable scenario are shown in Table 41. Only two fitted OS distributions
produced projections which did not cross the RFS restricted Gompertz and could therefore be
considered for use in this scenario. Of these two distributions, the Weibull non-mixture cure plus
unrestricted model was selected based on better statistical fit, as the two distributions were
graded near identically in all other criteria.

Table 41. Selection criteria for OS distribution used in more favourable scenario

Distribution Model A | Treatment | Visual | External | A PRS Comments
Specification | BIC Effect Fit Validity | (Years)
Best
Weibull Non- Cure + statistical fit
Mixture Unrestricted - - Good | Moderate | -1.83 of qualifying
distributions.
Worse
. statistical fit,
W.e|buII Curei * 4.45 -- Good | Moderate -1.95 no other
Mixture Unrestricted e L
distinguishing
features.

Footnotes: Bolded distribution selected as base-case.
Abbreviations: OS: overall survival; BIC: Bayesian information criterion; PRS: post-relapse survival.

The RCS log-logistic distribution was selected to represent RFS in the less favourable scenario,
as it had the third best statistical fit; some supportive evidence in favour of proportional odds
based on the treatment effect counterfactual plots, and appeared to represent a plausible lower
bound on the benefit of treatment with blinatumomab. Selection criteria used to identify the OS
distribution used in the less favourable scenario are shown in Table 42 below. Of the top five
best fitting OS distributions among those internally consistent with the RFS restricted RCS log-
logistic distribution, the restricted RCS Weibull distribution was selected to model OS due to its
combination of statistical fit, supportive evidence in favour of proportional hazards, external
validity, and small difference in PRS.
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Table 42. Selection criteria for OS distribution used in less favourable scenario

e Model Treatment . . External A PRS
Distribution e es A BIC Visual Fit ‘5 Comments
Specification Effect Validity (Years)
Best-fitting OS distribution and
RCS Log- ] supportive evidence for proportional
Logistig Restricted - Good Good Poor -1.76 odds, but poor external validity and
projects large difference in PRS.
Supportive evidence in favour of
proportional hazards, moderate
RCS Weibull Restricted 0.49 Good Good Moderate -0.61 external validity, no meaningful
difference in BIC versus best
fitting distribution.
) Poor external validity and projects
RCS Lognormal Restricted 1.54 -- Good Poor -1.99 large difference in PRS.
Supportive evidence in favour of
Lognormal Non- Cure 218 Good Good Moderate 155 proportional hg;ards, moderate
Mixture external validity, and large
difference in PRS.
Lognormal Moderate external validity. Small
Mixture Cure 3.69 -- Good Moderate -0.14 difference in PRS.

Footnotes: Bolded distribution was selected for use in sensitivity analysis.

Abbreviations: OS: overall survival; BIC: Bayesian information criterion; PRS: post-relapse survival; RCS: restricted cubic spline.
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To evaluate the sensitivity of model results to the weighting scheme used, a scenario in which
the ATE weights were used was performed. RFS and OS distributions fitted using the ATE
weights were selected based on the same criteria used in the base-case. Selection criteria used
to identify the RFS distribution for the ATE-weighted scenario are shown in Table 43. Of the top
five distributions, only the restricted Gompertz had good external validity, but was not selected
due to the lack of supporting evidence to justify assuming proportional hazards. The restricted
RCS log-logistic distribution was selected to model RFS as it had the greatest external validity
among the remaining distributions. For OS, the restricted RCS Weibull based on its combination
of statistical fit, external validity, internal consistency with the selected RFS distribution. The
selection criteria used for the selection of the OS distribution are outlined in Table 44. Additional
information on all fitted RFS and OS distributions based on the ATE-weighted sample can be
found in Appendix P.
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Table 43. Selection Criteria for RFS Distribution Used in ATE-Weighted Scenario

Distribution

Model
Specification

A BIC

Treatment
Effect

Visual Fit

External
Validity

Comments

Lognormal

Restricted

Good

Moderate

Poor

Proportional hazards model.
Counterfactual plots suggest
proportional hazards may overestimate
long-term benefit of blinatumomab.

Generalized Gamma

Restricted

0.45

Good

Good

Poor

Good visual fit, statistical fit, and
external validity.

RCS Log-Logistic

Restricted

1.23

Good

Moderate

Moderate

Proportional odds model.
Underestimates benefit of
blinatumomab relative to external
data.

RCS Lognormal

Restricted

1.39

Poor

Poor

Accelerated failure time model. Poor
visual fit, underestimates benefit of
blinatumomab relative to external data.

Gompertz

Restricted

2.26

Poor

Moderate

Good

Treatment effect parameterised as a
cure model, but follows proportional
hazards. Counterfactual plots suggest
proportional hazards may overestimate
long-term benefit of blinatumomab.

Footnotes: Bolded distribution was selected for use in sensitivity analysis.
Abbreviations: RFS: relapse-free survival; ATE: average treatment effect; BIC: Bayesian information criterion; RCS: restricted cubic spline.

Table 44. Selection Criteria for OS Distribution Used in ATE-Weighted Scenario

P Model Treatment . . External A PRS
Distribution A BIC Visual Fit < Comments
ISR Specification Effect isuat Validity (Years)
RCS Log-Logistic Restricted -- Good Good Poor -2.38 '-arg‘? decrease in post-rela pse
survival, poor external validity.
RCS Weibuli Restricted 1.56 Moderate Good Moderate -1.90 Smallest difference in PRS.
Lognormal Non- Cure 3.86 Moderate Good Moderate -2.11 Proportional odds model.
Mixture Underestimates benefit of
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blinatumomab relative to
external data.

Poor statistical fit, large

Mixture

Log.normal Cure 6.11 -- Good Poor -2.16 decrease in PRS, poor external
Mixture s
validity.
Gamma Non- Cure 8.61 Moderate Good Good 213 Very poor statistical fit, large

decrease in PRS.

Footnotes: Bolded distribution was selected for use in sensitivity analysis.
Abbreviations: OS: overall survival; ATE: average treatment effect; BIC: Bayesian information criterion; PRS: post-relapse survival; RCS: restricted cubic spline.
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Scenarios were also explored to test the sensitivity of model results to limiting the duration of
benefit for RFS and OS to five years, as well as to varying background mortality between two
and six times the age- and gender-matched rate. Finally, to capture the effect of parameter
uncertainty on RFS, sensitivity analyses were performed to vary the difference in shape and
scale between blinatumomab and SoC over their respective 95% confidence intervals.

B.3.4 Measurement and valuation of health effects

B.3.4.1 Health-related quality-of-life data from clinical trials

Utility values for pre-relapse states were based on EQ-5D utility values for the patients in BLAST
who were included in the PAS of the propensity-matched comparison of patients in BLAST and
the historical control study (N=73). EQ-5D utility values were calculated using UK tariffs. Utility
values used in the model were estimated using a generalised linear model/generalised
estimating equations (GLM/GEE) regression model with EQ-5D utility values as the dependent
variable and covariates for baseline utility value, a patient-level indicator variable of MRD
response during cycles 1 or 2, a time-dependent indicator variable for on versus off treatment,
and a time-dependent indicator variable for death within 6 months. Patients without any follow-up
utility assessments were excluded, as were those without baseline utility values. There were
eight assessments conducted on or after relapse, most of which were evaluated on the day of
relapse. As these observations are not likely representative of quality of life during the entire
post-relapse period, utility assessments on or after relapse also were excluded from the analysis.
A total of 63 patients were included in the final regression model used for the base-case
estimates.”

The number of utility assessments per strata defined on the covariate values is reported in Table
45.

Table 45. Number of utility assessments in GLM/GEE models by covariate strata

Strata N of utility assessments
Death within < 6 month 183
Death within > 6 month 13
On-treatment 123
Post-treatment 73
MRD responder: No 13
MRD responder: Yes 183

Abbreviations: GLM: generalised linear model; GEE: generalised estimating equations; MRD: minimal residual
disease.

Parameter estimates from the GLM/GEE model are reported in Table 46. While the coefficients
for off versus on treatment and MRD response were not statistically significant, they were

"Of the 73 patients in BLAST in the PAS of the propensity score analysis, one patient lacked a propensity score
and was excluded from analyses using ATE weights.

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 116 of 285



directionally consistent with expectations (i.e., higher utility values). These covariates were
therefore retained when calculating utility values used in the model.

Table 46. Parameter estimates from GLM/GEE regression on EQ-5D utility values among
CR1 patients in BLAST

95% 95% P-

Parameter Value SE Cl-L Cl-U | value
Intercept 0.3531 | 0.0918 | 0.1732 | 0.5329 | <.001
Baseline utility 0.5427 | 0.0832 | 0.3797 | 0.7058 | <.001
Off- versus on-treatment relapse free 0.0105 | 0.0168 | -0.0225 | 0.0434 | 0.5347
MRD response versus no MRD response 0.0474 | 0.0469 | -0.0446 | 0.1394 | 0.3125
Death within <6 month versus death within >6 - -

month 0.1291 | 0.0346 | -0.1970 | 0.0613 | <.001

Abbreviations: GLM: generalised linear model; GEE: generalised estimating equations; EQ-5D: EuroQol Five
Dimensions Questionnaire; CR1; first haematological complete remission; SE: standard error; CI-L: lower bound
of the confidence interval; Cl-U: upper bound of the confidence interval; MRD: minimal residual disease.

Utility values during RFS were calculated by treatment group and cycle using this regression
equation, the mean baseline utility for CR1 patients in BLAST (0.809), the estimated proportion
of patients receiving blinatumomab treatment, and the estimated proportion of patients with MRD
response. For patients receiving blinatumomab, the proportion with MRD response was based on
the percent of patients with MRD response at the end of cycle 2 in BLAST (83.6%). As noted
above, for patients receiving SoC maintenance therapy, the proportion of patients who might
achieve a delayed MRD response is unknown, as this information was not examined in the
historical control study, and has not been reported in the literature. Discussions with clinical
experts indicate that this proportion is no greater than 10%. It was therefore assumed that 8% of
patients receiving SoC maintenance therapy would achieve a delayed MRD response. Patients
achieving MRD response were assumed to achieve response at the end of the first cycle and
remain in response until death or relapse. In BLAST, the median duration of response among
patients achieving response in the key secondary efficacy endpoint FAS was 17.3 months, which
compares with the median RFS of 18.9 moths. The assumption that patients remain in MRD
response until relapse is therefore consistent with these data. For patients receiving
blinatumomab, the proportion of patients on treatment was estimated using exposure data from
BLAST as described in Section B.3.5 below.

Because post-relapse utility assessments in BLAST were limited and not likely representative of
utility during the entire post-relapse period, post-relapse utility estimates were not obtained from
BLAST. Rather, they were based on estimated utility values for patients receiving SoC salvage
chemotherapy in the TOWER trial of blinatumomab in Ph- R/R B-precursor cell ALL who were
matched to patients who relapsed in BLAST. Utility values in the TOWER study were based on a
mapping from the EORTC QLQ-C30 to EQ-5D utility values (UK tariffs) using a published
algorithm by Longworth.%3

Relapsed patients in the CR1 population of BLAST can be considered similar to patients in
TOWER without prior salvage (S0) who were not refractory at baseline. Of the 34 relapsed
patients in the CR1 population of BLAST, 13 patients relapsed more than 12 months after
therapy initiation. Since the TOWER inclusion criteria specify that patients with no prior salvage
therapy must have relapsed within 12 months of remission, these 13 BLAST patients are not
represented in the TOWER study and were excluded from the analysis. The remaining patients
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in TOWER were matched to the relapsed patients in BLAST based on their health state: i.e.,
CR1/CR2 (BLAST) or S0/S1 (S1 refers to the patients with one or more prior lines of salvage
therapy) (TOWER), age, and their receipt of allogeneic HSCT (at baseline among TOWER
patients and prior to relapse among BLAST patients). A logistic regression model was estimated
predicting the probability of being in BLAST versus TOWER. Using the estimated predicted
probability of being in BLAST (versus TOWER), ATT weights were calculated for TOWER
patients. Using these weights to match the patients in TOWER to those in BLAST, the mean EQ-
5D utility value for patients in the SO subgroup of the SoC chemotherapy arm of TOWER was
estimated to be 0.692. This value was used to represent the mean utility value for patients who
relapsed in the model.

Utility values used in the model are summarised in Table 47. As noted above, there were 13
patients who relapsed after 12 months of remission in BLAST, who could not be matched to
patients in TOWER. If post-relapse utility values for patients with late relapse are higher than
those for patients with early relapse, then the estimates of post-relapse utility derived from
TOWER might be downwardly biased.

As noted in Section B.3.2, it was assumed in the base-case that utility values for patients
remaining alive after five years return to age- and sex-matched general population norms
adjusted for long-term effects on HRQoL due to exposure to radiotherapy, chemotherapy, and
HSCT. This decrement was assumed to be 0.02, based on one-half the difference between the
average utility value for blinatumomab patients in the RFS state, off therapy, and with MRD
response (0.842) versus the age and sex- weighted mean population norm utility value for
patients between the ages of 35 and 55 (0.877).

Studies of HRQoL after HSCT suggest that there is substantial short-term decline in HRQoL for
the first year after HSCT, with small to moderate decrements in HRQoL relative to general
population norms in the long-term.% 9 Data on EQ-5D utility values post-HSCT in patients with
acute leukaemia are limited, however. A review of HRQoL in acute myeloid leukaemia (AML)
patients by Korol et al. (2017) cites 3 papers reporting EQ-5D utilities in patients with AML,%
including a survey of 524 patients with acute leukaemia in Japan by Kurosawa et al. (2016),%” a
survey of 92 AML patients in The Netherlands by Leunis et al. (2014),% and a study by Slovacek
and colleagues of 12 adult patients with AML undergoing autologous progenitor SCT in the
Czech republic (article in Czech, not discussed further).®® The utility values reported in the survey
by Kurosawa were subsequently used in a decision analysis by the same author of post-
remission therapy in cytogenetically intermediate-risk AML.' A targeted search of the literature
and of utility values in the New England Medical Center CEA registry did not identify any
additional studies reporting EQ-5D utility values in patients with acute leukaemia after HSCT.
Only the decision analysis by Kurosowa et al. reports utility values by time since last treatment
(HSCT or chemotherapy). Utility values from the study by Kurosawa were used in the
manufacturer’s submission to NICE for the STA of inotuzumab in R/R B-precursor ALL.8

The study by Kurosawa et al. was a cross-sectional survey of 524 patients with acute leukaemia
(75% AML, 25% ALL) in Japan in 2011 and 2012. Utility values were based on the EQ-5D index
using the value set for Japan. In the decision analysis that used the utility values from this study,
utility values were reported by last treatment received (HSCT or chemotherapy). As shown in
Figure 38 for both patients who received HSCT and chemotherapy, mean utility values increase
by time since treatment and plateaued within 5 years of treatment. For HSCT, the plateau was
reached at 1-2 years. For chemotherapy, the plateau was reached at 3-5 years.
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Figure 38. Mean EQ-5D utility values among survivors of acute leukaemia in Japan, by
treatment and time since treatment reported by Kurosawa et al. (2016)

0.80 :
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<1Year 1-2 Years 3-5Years | >5 Years
| =—Allo-SCT 0.59 0.75 0.74 | 0.76
== Chemotherapy 0.60 0.68 0.74 | 0.74
Time Since Treatment

Abbreviations: EQ-5D: EuroQol 5 dimensions questionnaire; allo-SCT; allogeneic haematopoietic stem cell
transplantation.

Use of the utility estimates from Kurosawa et al. directly in the model would be consistent with
the approach used in the inotuzumab NICE manufacturer's submission. However, this approach
may be biased due to differences in the patients included in the study by Kurosawa et al.
compared with patients in BLAST, as comparisons of the utility values in the study by Kurosawa
et al. with those from BLAST suggest that the utility values may not be comparable. For example,
the mean utility value for patients <1 year since chemotherapy in Kurosawa et al. (0.60) is well
below the mean utility values for patients in RFS and >6 months from death in BLAST (0.66 to
0.71). The mean utility value for patients <1 year since CT in Kurosawa et al. (0.60) is only
slightly greater than the estimated mean utility values for post-relapse and <6 months from death
used in the model based on data from TOWER (0.562). The utility values from Kurosawa et al.
also are lower than the mean utility values for AML patients with prior HSCT reported by Leunis
et al. (2014), which reported a mean utility value for AML patients with prior HSCT and a mean of
5.3 years since last treatment of 0.82.98

To avoid potential biases associated with using the utility values from Kurosawa directly, but to
capture the short-term impact of HSCT on HRQoL, all patients undergoing HSCT were assumed
to experience decrements in utility of 0.17, 0.01, and 0.02 in years 1, 2, and 3-5 after HSCT,
respectively, based on the differences in the mean utility value at these time points versus at >5
years post HCT (0.76) reported by Kurosawa et al. The application of these decrements in utility,
along with the assumption that patients in the model who survive >60 months will have utility
values equal to general population norms adjusted for the long-term decrement in utility
associated with chemotherapy, radiotherapy, and HSCT (assumed to be 0.02 in the base-case),
will yield estimates of utility that are consistent with the general pattern of HRQoL reported in
numerous studies which suggests (1) a short-term decline for the first year after HSCT and (2)
small to moderate long-term decrements relative to general population norms.
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Utility values used in the cost-effectiveness analysis are summarised in Table 47 and in Figure

39.

Table 47. Summary of utility values for cost-effectiveness analysis

State

Utility value:
mean
(standard
error)

95%
confidence
interval

Reference in
submission

Justification

Blinatumomab on-treatment relapse-free > 6 months prior to death

Cycle 1

0.792

NA

B.3.4.1

Derived from
regression
equation, mean
baseline utility
value in BLAST
and % MRD
response

Cycle 2

0.832

NA

B.3.4.1

Derived from
regression
equation, mean
baseline utility
value in BLAST
and % MRD
response

Blinatumomab off-treatment relapse-free > 6 months prior to death

Cycle 1*

0.802

NA

B.3.4.1

Derived from
regression
equation, mean
baseline utility
value in BLAST
and % MRD
response

Cycle 2

0.842

NA

B.3.4.1

Derived from
regression
equation, mean
baseline utility
value in BLAST
and % MRD
response

SoC relapse-free > 6
months prior to death

0.806

NA

B.3.4.1

Derived from
regression
equation, mean
baseline utility
value in BLAST
and % MRD
response

Post-relapse > 6
months prior to death

0.692

(0.649, 0.734)

B.3.4.1

From TOWER

Decrement in utility for
<=6 months prior to
death

-0.129

-0.1970,
-0.0613

B.3.4.1

Derived from
regression
equation, mean
baseline utility
value in BLAST

Patients who survive
for five years

Age and sex-
matched

NA

B.3.4.1

Based on clinical
expert opinion
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norms that patients who

adjusted for survive for five

long term years are likely to

decrement be cured of ALL,
but may have
residual

decrements in
HRQoL due to
prior treatments

Decrement in utility Year 1: 0.17 Year 1: B.3.4.1 Based on the
value post-HSCT Year 2: 0.01 -0.22,0.56 differences in the
Years 3-5: Year 2: mean utility value

at these time

0.02 -0.16,0.18 points vs. at >5
Year 3-5: years post HSCT
-0.11,0.15 (0.76) reported by
Kurosawa et al.
(2016).

Footnotes: *In the base-case, 100% of patients in blinatumomab start cycle 1; this utility value is not used in the
base-case analysis.
Abbreviations: MRD: minimal residual disease; SoC, standard of care.

Figure 39. Summary of utility values used in the cost-effectiveness analysis

— 0.792

BLIN On-Tx, Relapse Free, Cycle 1 0.663
.  0.832
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Abbreviations: BLIN: blinatumomab; Tx: treatment; SoC: standard of care; Mo: month; Allo-SCT: allogeneic
haematopoietic stem cell transplantation.
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B.3.5 Cost and healthcare resource use identification,
measurement and valuation

In BLAST, blinatumomab was administered as a continuous |V infusion of 15 ug/m? per day over
4 weeks, followed by a 2-week treatment-free period, for up to four consecutive cycles. For the
model, blinatumomab was assumed to be dosed at 28 pg/day, consistent with the dosing
instructions in the Blincyto® label. The list price of blinatumomab was estimated to be £2,017 per
35 ug vial. Each 35 ug vial contains 28 g of useable medication, thus patients were assumed to
receive one vial of blinatumomab per day of treatment. The percentage of patients starting and
completing each cycle was based on data for 73 patients in BLAST who were included in the
PAS of the propensity-matched comparison of BLAST and the historical control (Table 48).
Patients who discontinued treatment within a cycle were assumed to receive half the cost of a
cycle, resulting in an average of 1.86 cycles of blinatumomab received per treatment.®®

Table 48. Estimated percentage of patients starting and completing each cycle of
blinatumomab

Cycle Patients starting cycle (%) Patients completing cycle (%)
1 100.00% 72.60%
2 65.75% 53.42%
3 31.51% 23.29%
4 17.81% 8.22%

It was assumed that blinatumomab would be administered on an inpatient basis for 4 days during
the first cycle and the first 2 days of the second cycle, consistent with UK clinical expert opinion
as described in NICE guidance TA450 for blinatumomab in previously treated Ph- B-precursor
ALL." The daily cost of hospitalisation for administration of blinatumomab was estimated to be
£685.86, based on the ratio of the weighted average costs and weighted average length of stay
for elective inpatient stays for the following HRG codes from the 2015-2016 National Schedule of
Reference Costs:'%!

o SA24G — Acute Lymphoblastic Leukaemia with CC Score 5+
o SA24H — Acute Lymphoblastic Leukaemia with CC Score 2-4
e SA24J — Acute Lymphoblastic Leukaemia with CC Score 0-1

Patients receiving blinatumomab were assumed to receive daily home infusions for the remaining
on-treatment days while not hospitalised. The per diem cost of the home infusion pump was
estimated to be £3.84 which included the prorated cost of the pump, maintenance costs, and
consumables (Table 49). Patients receiving blinatumomab were assumed to require an
outpatient visit every four days to refill the pump at an outpatient infusion centre at a cost of
£211.99, based on the NHS reference cost for HRG SB15Z: delivery of subsequent elements of
a chemotherapy cycle. %!

Table 49. Calculation of home infusion pump costs

Cost (£)
Total Per day Per 28 days
Pump cost (5 years lifespan) 1,795 0.98 27.54
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Cost (£)

Total Per day Per 28 days
Annual maintenance costs 90 0.25 6.90
Consumables, pack of 20 (one every 4 days) 209 2.61 73.15
Total 2,094 3.84 107.59

Patients receiving blinatumomab were assumed to receive CSF prophylaxis with methotrexate,
cytosine arabinoside (cytarabine), and dexamethasone every three months for up to two years or
until death, relapse, or receipt of allogeneic HSCT, whichever occurs first (Table 50). Because
the model does not keep track of the number of patients who have received HSCT and who
subsequently relapsed, the percent of patients remaining alive and relapse-free and without
HSCT at any point in time was approximated by the difference between RFS and the cumulative
probability of pre-relapse HSCT. To the extent that some patients who received HSCT prior to
relapse subsequently experienced relapse after HSCT, this assumption may lead to an
underestimate of the time at risk for receiving CSF prophylaxis and hence the costs of such

prophylaxis.

The unit costs of methotrexate, cytarabine, and dexamethasone were taken from eMit.'? The
cost of intrathecal administration of methotrexate was estimated to be £265.02 per 13-week
cycle, based on the NHS Reference Cost for HRG code SB13Z: deliver more complex parenteral

chemotherapy at first attendance. '’

Table 50. Dosages and costs for CSF prophylaxis for patients receiving blinatumomab

Drug Methotrexate Cytarabine Dexamethasone
Administration Intrathecal Intrathecal Intrathecal
Dose per day of treatment 15 mg 40 mg 4 mg
Number of days administered per

Cycle 1/ 13 weeks 1/13 weeks 1/ 13 weeks
Costs

Cost per pack (£) 6.63 6.60 2.42
Units per pack 1 1 10

Mg per unit 1,000.0 2,000.0 3.3
Medication cost per unit (£) 6.63 6.60 0.24
Medication cost per mg (£) 0.01 0.00 0.07
Medication cost per day of

administration (£) 0.10 0.13 0.24
Administration costs, per cycle* 265.02 - -

Footnotes: Costs of administering cytarabine and dexamethasone assumed to be included in cost of administering

methotrexate.

B.3.5.1 Intervention and comparators’ costs and resource use

Patients receiving SoC were assumed to receive maintenance chemotherapy for up to two years
or until relapse or allogeneic HSCT, whichever occurred first. As with the calculation of the costs
of CSF prophylaxis for patients receiving blinatumomab, the percent of patients remaining alive
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and relapse-free and without HSCT at any point in time was approximated by the difference
between RFS and the cumulative probability of pre-relapse HSCT. To the extent that some
patients who received HSCT prior to relapse subsequently experienced relapse after HSCT, this
assumption may lead to an underestimate of the time at risk for receiving maintenance therapy
and hence the costs of such therapy.

Maintenance chemotherapy was assumed to be comprised of 1.4 mg/m? of vincristine
administered by IV infusion once every 13 weeks, 60 mg/m? of prednisolone taken orally five
times per 13-week cycle, 75 mg/m? of mercaptopurine taken orally daily, 20 mg/m? of
methotrexate taken orally weekly, and 12.5 mg of intrathecal methotrexate once every 13
weeks.*® The unit costs of vincristine, prednisolone, and methotrexate (oral and IT) were from
eMit.’%2 The cost of mercaptopurine was not available from eMIT and was obtained from the
BNF."% The cost of IV administration of vincristine was estimated to be £304.30 per 13-week
cycle, based on the NHS Reference Cost for HRG code SB14Z: delivery of complex
chemotherapy.'®! The cost of IT administration of methotrexate was estimated to be £265.02 per
13-week cycle, based on the NHS Reference Cost for HRG code SB13Z: deliver more complex
parenteral chemotherapy at first attendance.'® Administration costs for oral medications were
assumed to be zero. The calculations of the dosage and costs for SoC maintenance are
summarised in Table 51.
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Table 51. Dosages and costs for SoC maintenance therapy

Vincristine (IV) Prednisolone Mercaptopurine Methotrexate Methotrexate
(Oral) (Oral) (Oral) Intrathecal

Dose per day of treatment 1.4 mg/m? 60 mg/m? 75 mg/m? 20 mg/m? 12.5 mg
Regimen 1/13 weeks 5/ 13 weeks Daily Weekly 1 x/ 13 weeks
Cost per pack (£) 29.26 0.41 49.15 4.39 6.63
Units per pack 5 28 25 100 1
Mg per unit 2.0 5.0 50.0 25 1,000.0
Cost per unit (£) 5.85 0.01 1.97 0.04 6.63
Cost per mg (£) 2.93 0.00 0.04 0.02 0.01
Cost per day (medication only) (£) 7.76 0.33 5.59 0.67 0.08
Administration costs per cycle (£) 304.30 0 0 0 265.02

Footnotes: Cost calculations are based on a mean BSA of 1.89 m? calculated for the blinatumomab patients in the propensity matched analysis.
Abbreviations: SoC: standard of care; IV: intravenous.
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B.3.5.2 Health-state unit costs and resource use

As noted above, the model considers the costs of the blinatumomab and SoC maintenance
therapy, HSCT, salvage therapy, other ALL-related inpatient and outpatient care, and ALL-
related terminal care costs. These costs are described in the sections below.

B.3.5.3 Adverse reaction unit costs and resource use

The costs of AEs were not considered explicitly in the model but were assumed to be captured in
the costs of inpatient and outpatient care for the administration of blinatumomab and SoC
maintenance therapy.

Therefore, the economic analysis presented in this submission does not include any additional
AE unit costs or resource use.

B.3.5.4 Miscellaneous unit costs and resource use

Allogeneic Haematopoietic Stem Cell Transplant

Based on patients in the PAS of the propensity matched analysis of BLAST and the historical
control (N=73 and N=182, respectively), 72.6% of blinatumomab patients from BLAST and
38.4% of SoC patients from the historical control study received allogeneic HSCT prior to
relapse. Six-month probabilities of receiving HSCT prior to relapse were estimated to be 14.15%
for blinatumomab 12.45% for SoC by calibrating the model to yield cumulative probabilities at 48
months (the approximate time of the last HSCT in BLAST or the historical control study) equal to
72.6% and 38.4%, respectively.

Data on post-relapse HSCT was not available from the BLAST and historical control studies. In
the model, the probability of post-relapse HSCT was assumed to depend on receipt of HSCT
prior to relapse and was estimated using data on receipt of HSCT by age and receipt of prior
HSCT from the no prior salvage subgroup of a historical comparator study of patients with Ph-
R/R B-precursor ALL (Protocol 20120310; Clinicaltrials.gov: NCT02003612)."%* For patients with
and without prior HSCT, estimates of probability of receipt of allogeneic HSCT by age were
weighted by the proportion of relapsing patients in BLAST within these age groups. Based on
these data, it was estimated that 15.8% of patients with pre-relapse HSCT and 20.1% of those
without pre-relapse HSCT will receive HSCT after relapse.

As noted above, the model does not keep track of the proportion of patients who receive HSCT
and subsequently relapse. Accordingly, it is not possible to determine precisely the proportion of
patients who relapse who have received prior HSCT. As an approximation, it was assumed that
patients with pre-relapse HSCT would not relapse until all patients without pre-relapse HSCT
have relapsed. Under this assumption, all relapses occurring prior to the point at which the RFS
and cumulative HSCT curves cross are assumed to be among patients with no prior HSCT while
all those occurring after that point are assumed to be amongst those with prior relapse. For
discounting purposes, the cost of post-relapse HSCT was assumed to occur at the time of
relapse. This assumption may lead to a slight overestimation of the discounted costs of post-
relapse transplant.

The cost of HSCT was estimated based on an analysis conducted by the NHS Blood and
Transplant Service.'% This study included costs for initial treatment, and well as costs and
probabilities of receipt of follow-up treatment for months 1-6, 7-12, 13-24, and > 24 months
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post-transplant. Patients surviving > 24 months were assumed to receive daily cyclosporine.
Costs from this study were adjusted to 2015/2016 prices using the PSSRU inflation index.'%® The
cost of daily cyclosporine was estimated from the BNF.'%3 Inputs used in the calculations of the
costs of HSCT are shown Table 52.

Table 52. Inputs used in the calculation of the cost per patient receiving allogeneic HSCT

Value

Initial treatment cost (£) 62,629
Follow-up treatment, percent of patients receiving (%)
1-6 months 90
7-12 months 48
13-24 months 31
>24 months 20
Cost
1-6 months cost (£) 30,186
7-12 months (£) 20,736
13-24 months (£) 14,963
> 24 months, cyclosporine

Mg per day 100
Cost per tab (£) 0.85
Mg per tab 50.00

Abbreviations: HSCT: haematopoietic stem cell transplant

Salvage Therapy

In the base-case, it was assumed that all patients would receive SoC salvage therapy upon
relapse. The cost of SoC salvage therapy was estimated using an economic model used in the
manufacturer's submission in response to STA of blinatumomab for previously treated B-
precursor acute lymphoblastic leukaemia (STA 1804)."%7 This model was used to calculate the
costs of first and second salvage therapy for the subgroup of patients with no prior salvage
therapy assuming that all patients who relapse would receive first-line salvage therapy, that
37.0% of patients who relapse after first-line salvage therapy would receive second-line salvage
therapy, and that the cost per course of salvage therapy is £16,175, based on medication and
administration costs for FLAG-IDA. Based on these assumptions, the model generated estimate
of the cost of first and second-line salvage therapy (discounted to time of initiation of first-line
salvage) is £21,905. As noted above, ALL-related costs after 60 months, including the cost of
salvage therapy, were assumed to be zero in the base-case.

As noted above, it was assumed in the base-case that salvage therapy for patients experiencing
relapse would be SoC chemotherapy, consistent with the salvage therapy received among
patients in the BLAST trial and the historical control study. While the model estimates of OS are
internally consistent with this assumption, it does not reflect the likely use of blinatumomab as
salvage therapy given the recent NICE guidance.”® Because modelling of a “counterfactual”
scenario in which relapsing patients would receive blinatumomab was not feasible using the data
from BLAST and the historical control study within the PartSA model structure, a scenario
analysis was conducted in which incremental costs and QALYs generated by the model were
adjusted to reflect the difference between treatments in (1) the percent of patients receiving
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salvage therapy and (2) the incremental costs and QALY associated with blinatumomab versus
SoC chemotherapy salvage. The latter was estimated based on the economic model used in the
evaluation of blinatumomab versus SoC salvage therapy in R/R ALL, focusing on the subgroup
of patients without prior salvage therapy.”® This scenario is described in greater detail in Section
B.3.8 below.

Other Inpatient and Outpatient Costs

SoC patients, and blinatumomab patients who are no longer receiving blinatumomab treatment,
were assumed to incur additional inpatient and outpatient costs that were assumed be
dependent on MRD response. In the base-case, inpatient and outpatient healthcare resource
utilisation (HRU) by MRD response was based on results of face-to-face interviews of two UK
experts — this approach was considered appropriate given the rare and complex nature of this
disease area. Nevertheless, a follow-up, larger multinational online survey that was also
conducted to gather more information on patterns of testing for MRD response.

The results for the 20 UK physicians participating in the online survey were used only in a
scenario analysis (see Section B.3.8). While the sample was larger for the online survey, the
results from the face-to-face interviews are likely to be more robust, as the face-to-face
discussion ensured that the clinicians understood well the questions regarding resource
utilisation. In fact, the distributions of results from the online survey for questions regarding HRU
suggested that many physicians participating in the online survey did not adequately understand
the questions and that their responses were, therefore, potentially biased. Mean inpatient days
and physician visits per month from the face-to-face interviews and online survey of UK
physicians are reported in Table 53.

Table 53. Mean inpatient and outpatient HRU per month by MRD response from face-to-
face interviews and online survey of UK physicians

Face-to-Face Interview (N=2) Online Survey (N=20)
Services MRD + MRD- MRD + MRD-
Inpatient days 1.75 0.06 3.10 2.33

Outpatient

Haematologist 2.000 1.500 1.167 0.917
Radiologist 0.417 0.250 0.250 0.083
Other specialist 0.500 0.250 0.250 0.250
General physician 0.750 0.417 0.833 0.500

Abbreviations: HRU: healthcare resource utilisation; MRD: minimal residual disease; UK: United Kingdom.

The probability of MRD response for blinatumomab patients was estimated to be 83.6% based
on the rate of MRD response after cycle 2 among patients in BLAST who were included in the
PAS of the propensity matched analysis of BLAST and the historical control study. As described
above, the probability of MRD response for patients receiving SoC maintenance therapy was
assumed to be 8%. Because data on HRU after relapse was not available from the survey or any
other comparable source, it was assumed that HRU post-relapse would be independent of initial
treatment and the same as pre-relapse HRU for patients in haematological remission but with no
MRD response. As with other ALL-related costs, in the base-case, these costs were assumed to
be incurred only over the first five years of the model.
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The cost per inpatient day was assumed to be the same as that for blinatumomab administration
(£685.86 per day), which was based on NHS Reference Costs (as described above). The costs
of the visit to haematologists, radiologists, and other specialists were estimated to be £166.03,
£51.35, and £162.84, respectively, based on NHS Reference Costs for non-admitted face-to-face
attendances for consultations for clinical haematology (HRG code WF01A-303), diagnostic
imaging (HRG code WF01A-812) and medical oncology (HRG code WF01A-370).'°' The cost of
a visit to a general physician was estimated to be £36.00 based on the general practitioner unit
cost from the PSSRU.'% Unit costs for inpatient days and visits are summarized in Table 54.

Table 54. Other inpatient and outpatient costs

Other costs Cost (£)

Inpatient day 685.86
Outpatient, per visit

Haematologist 166.03

Radiologist 51.35

Other specialist 162.84

General Physician 36.00

Monthly costs by MRD response, treatment, and relapse using HRU from the face-to-face
interviews (base-case) and online survey (sensitivity analyses) are shown in Figure 40.

Figure 40. Mean monthly other ALL-related inpatient and outpatient costs by MRD
response, treatment, and relapse using HRU from face-to-face interviews and online
survey

A. HRU from Face-to-Face Interviews B. HRU from Online Survey
mro+ [ 1662 mro+ [ 0,103
MRD- [ 360 mro- N 1816
RFS, Blinatumomab Off Tx NN 574 RES, Blinatumomab Off Tx | 1012
Rrssoc [ 1,558 ressoc I 2,356
post Relapse | 1662 Post Relapse [N 2403
0 500 1,000 1,500 2,00 0 500 1,000 1,500 2,000 2,500 3,00
Monthly Cost (£) Monthly Cost (£)

Abbreviations: ALL: acute lymphoblastic leukaemia; HRU: healthcare resource utilisation; MRD: minimal residual
disease; RFS: relapse-free survival; Tx: treatment; SoC: standard of care.

Terminal Care

ALL-related terminal care costs were estimated to be £8,602 based on the average length of stay
in the hospital for terminally ill patients (8 weeks) as reported in a recent report by the King's
Fund,'% and the average cost of end-of-life care (£145 per day) from Marie Curie,'*® adjusted to
2015/2016 values using the pay and prices index for Hospital and Community Health Service
(HCHS) from the PSSRU '%. As noted above, ALL-related costs after 60 months, including the
cost of terminal care, were assumed to be zero in the base-case.
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B.3.6 Summary of base-case analysis inputs and assumptions

B.3.6.1 Summary of base-case analysis inputs

The inputs used in the base-case analysis are reported in Table 55.
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Table 55. Summary of variables applied in the economic model

Variable

Measurement of uncertainty and

Reference to

VELE distribution: Cl (distribution) G 1
submission
Analytic variables
Timeframe (years) 50 NA
Annual discount rate for costs 3.5% NA
' B.3.2.2
e o os w
ICER threshold 50,000 NA
Patient characteristics
Starting age (years) 454 45410454
Percent male 56% 56% to 56% B.2.3.3
Mean BSA 1.9 191t01.9
Efficacy

MRD response rate

Blinatumomab 83.6% 74.2% to 91.2% (Beta)

SoC 8.0% NA
RFS distribution il NA B.2.6
OS distribution \-ognormal NA
Proportion of RFS events that are deaths

Blinatumomab 47.1% NA

SoC 8.5% NA 526
RR of death versus gen. pop. mort 4 NA
Mos. after which gen. population utility values are used 60 NA B.3.2.2
Mos. after which pre-relapse other in/outpatient costs are set to zero 60 NA
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Variable Value Mez_:lsuremfent of unt_:ert_aint_y and R:Zecrt?:rﬁ:o
distribution: Cl (distribution) submission
Mos. after which post-relapse other in/outpatient costs are set to zero 60 NA
Mos. after which salvage therapy costs are set to zero 60 NA
Mos. after which terminal care costs are set to zero 60 NA
Mos. after which terminal decrement in utility is set to zero 60 NA
Costs
Blinatumomab
Cost per vial (list price) 2,017.00 NA
PAS discount e NA B.3.5
Days per bag change 4 NA
Inpatient costs
Inpatient days per cycle received
Cycle 1 4 NA
Cycle 2 2 NA
Cycle 3 0 NA B.3.5
Cycle 4 0 NA
Cost per inpatient day 685.86 410.66 to 1,078.08 (Lognormal)
Outpatient costs
Probability of receiving infusions in outpatient infusion centre
Cycle 1 1 NA
Cycle 2 1 NA
Cycle 3 1 NA B.3.5
Cycle 4 1 OtoO
Cost per visit to outpatient infusion centre 211.99 126.93 to 333.22 (Lognormal)

Pump costs
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Reference to

Variable Value Megsurem_ent.of unt_:ert_aint_y hi section in
distribution: Cl (distribution) submission
Total cost of pump per patient 7,008.00 4,196.10 to 11,015.72 (Lognormal) B35
Useful life expectancy of pump (years) 5 NA
Duration of therapy
% Starting cycle
Cycle 1 100.0% 100.0% to 100.0% (Beta)
Cycle 2 65.8% 54.5% to 76.2% (Beta) B35
Cycle 3 31.5% 21.4% to 42.6% (Beta)
Cycle 4 17.8% 9.9% to 27.4% (Beta)
% Completing cycle
Cycle 1 72.6% 61.8% to 82.2% (Beta)
Cycle 2 53.4% 41.9% to 64.7% (Beta) B35
Cycle 3 23.3% 14.3% to 33.6% (Beta)
Cycle 4 8.2% 3.1% to 15.5% (Beta)
CSF prophylaxis
Dexamethasone (intrathecal)
Dose per day of treatment 4 NA
Unit of measurement mg NA
No. of days administered per cycle 1 NA B.3.5
Cycle length (weeks) 13.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 3.21 NA
Units per pack 5 NA B.3.5
Mg per unit 6.6 NA
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Variable Value Megsuremgnt.of unt_:ert_aint_y and R:Zecrt?:rﬁ:o
distribution: Cl (distribution) submission
Administration costs, per cycle 265.02 158.68 to 416.58 (Lognormal)
Methotrexate (intrathecal)
Dose per day of treatment 15 NA
Unit of measurement mg NA
No. of days administered per cycle 1 NA B.3.5
Cycle length (weeks) 13.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 9.32 NA
Units per pack 1 NA
B.3.5
Mg per unit 1,000.0 NA
Administration costs, per cycle 0.00 NA
Cytosine arabinoside (intrathecal)
Dose per day of treatment 40 NA
Unit of measurement mg NA
No. of days administered per cycle 1 NA B.3.5
Cycle length (weeks) 13.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 8.17 NA
Units per pack 1 NA
. B.3.5
Mg per unit 2,000.0 NA
Administration costs, per cycle 0.00 NA
SoC

Company evidence submission template for blinatumomab for acute lymphoblastic leukaemia for people with minimal residual disease activity
in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 134 of 285



Variable Value Megsuremgnt.of unt_:ert_aint_y and R:Zecrt?:rﬁ:o
distribution: Cl (distribution) submission
Vincristine (V)
Dose per day of treatment 1 NA
Unit of measurement mg/m? NA
No. of days administered per cycle 1 NA B.3.5.1
Cycle length (weeks) 13.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 15.71 NA
Units per pack 5 NA
Mg per unit 1.0 NA B.3:5.1
Administration costs, per cycle 304.30 182.20 to 478.32 (Lognormal)
Prednisolone (oral)
Dose per day of treatment 60 NA
Unit of measurement mg/m? NA
No. of days administered per cycle 5 NA B.3.5.1
Cycle length (weeks) 13.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 0.42 NA
Units per pack 28 NA
Mg per unit 5.0 NA 8.3.51
Administration costs, per Cycle 0.00 NA
Mercaptopurine (oral)
Dose per day of treatment 75 NA B.3.5.1
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Variable Value Megsuremgnt.of unt_:ert_aint_y and R:Zecrt?:rﬁ:o
distribution: Cl (distribution) submission
Unit of measurement mg/m? NA
No. of days administered per cycle 28 NA
Cycle length (weeks) 4.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 49.15 NA
Units per pack 25 NA
B.3.5.1
Mg per unit 50.0 NA
Administration costs, per Cycle 0.00 NA
Methotrexate (oral)
Dose per day of treatment 20 NA
Unit of measurement mg/m? NA
No. of days administered per cycle 4 NA B.3.5.1
Cycle length (weeks) 4.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 4.63 NA
Units per pack 100 NA
B.3.5.1
Mg per unit 2.5 NA
Administration costs, per Cycle 0.00 NA
Methotrexate (intrathecal)
Dose per day of treatment 13 NA
Unit of measurement mg NA B.3.5.1
No. of days administered per cycle 1 NA
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Variable Value Megsuremgnt.of unt_:ert_aint_y and R:Zecrt?:rﬁ:o
distribution: Cl (distribution) submission
Cycle length (weeks) 13.0 NA
Duration of treatment (weeks) 104.3 NA
Cost
Cost per pack (£) 9.32 NA
Units per pack 1 NA
Mg per unit 1,000.0 NA B.3.5.1
Administration costs, per cycle 265.02 158.68 to 416.58 (Lognormal)
Probability of receiving HSCT blinatumomab pre-relapse
Month
1-6 14.1% 7.4% to 22.6% (Beta)
7-12 14.1% 7.4% to 22.6% (Beta)
13-18 14.1% 7.4% to 22.6% (Beta)
19-24 14.1% 7.4% to 22.6% (Beta)
25-30 14.1% 7.4% to 22.6% (Beta) B.3.5.4
31-36 14.1% 7.4% to 22.6% (Beta)
37-42 14.1% 7.4% to 22.6% (Beta)
43-48 14.1% 7.4% to 22.6% (Beta)
49+ 0.0% NA (Beta)
Probability of receiving HSCT, SoC pre-relapse
Month
1-6 12.5% 9.4% to 15.8% (Beta)
7-12 12.5% 9.4% to 15.8% (Beta) 5354
13-18 12.5% 9.4% to 15.8% (Beta)
19-24 12.5% 9.4% to 15.8% (Beta)
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Variable Value Mez_:lsuremfent.of um_:ert_aint_y and R:Zec:l;?:rf?:o
distribution: Cl (distribution) submission
25-30 12.5% 9.4% to 15.8% (Beta)
31-36 12.5% 9.4% to 15.8% (Beta)
37-42 12.5% 9.4% to 15.8% (Beta)
43-48 12.5% 9.4% to 15.8% (Beta)
49+ 0.0% NA (Beta)
Probability of receiving HSCT, post-relapse
With no prior HSCT 20.1% 13.8% to 27.1% (Beta) B354
With prior HSCT 15.8% 10.2% to 22.3% (Beta)
HSCT cost
Initial treatment 62,629.00 37,499.68 to 98,445.17 (Lognormal) | B.3.54
Follow-up
Percent of patients receiving
0-6 Mos. 90.0% NA
7-12 Mos. 48.0% NA
13-24 Mos. 31.0% NA
>24 Mos., cyclosporine 20.0% NA B.3.5.4
Cost 1-6 Mos. (£) 30,186.00 18,074.14 to 47,448.72 (Lognormal)
Cost 7-12 Mos. (£) 20,736.00 12,415.87 to 32,594.47 (Lognormal)
Cost 13-24 Mos. (£) 14,963.00 8,959.23 to 23,520.02 (Lognormal)
Cost after 24 Mos., cyclosporine (£)
Days of use per cycle 30.40 NA 5354
Days per cycle 30.40 NA

Salvage chemotherapy

Proportion receiving each Treatment
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Variable

Measurement of uncertainty and

Reference to

s distribution: CI (distribution) S 1
submission
Blinatumomab patients
Multi-agent chemotherapy 100.0% NA B354
Blinatumomab 0.0% NA
SoC patients
Multi-agent chemotherapy 100.0% NA B354
Blinatumomab 0.0% NA
Cost per course
Multi-agent chemotherapy 21,905.39 13,116.05 to 34,432.61 (Lognormal) B354
Blinatumomab 97,176.00 58,185.01 to 152,748.86 (Lognormal)
Other inpatient costs
No. of inpatient days per Month
MRD+ 1.75 NA
MRD- 0.06 NA
Cost per inpatient day 685.86 410.66 to 1,078.08 (Lognormal) B.3.54
Other outpatient costs
No. of visits to haematologist per month
MRD+ 2.00 NA
MRD- 1.50 NA B.3.5.4
Cost per visit to haematologist 166.03 99.41 to 260.98 (Lognormal)
No. of visits to radiologist per month
MRD+ 0.42 NA
MRD- 0.25 NA B.3.5.4
Cost per visit to radiologist 51.35 30.75 to 80.71 (Lognormal)

No. of visits to general physician per month
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Reference to

Variable Value Megsurem_ent.of unt_:ert_aint_y hi section in
distribution: Cl (distribution) submission
MRD+ 0.75 NA
MRD- 0.42 NA B.3.54
Cost per visit to general physician 36.00 21.56 to 56.59 (Lognormal)
No. of visits to other specialist per month
MRD+ 0.50 NA
MRD- 0.25 NA
Cost per visit to general physician 162.84 97.50 to 255.97 (Lognormal) B.3.54
Terminal care (for patients not cured) 8,833.84 5,289.34 to 13,885.73 (Lognormal)
Utility Inputs
TOWER EQ-5D analysis
Post-relapse, mean 0.692 0.693 to 0.690 (Lognormal (Utility)) | B.3.4.1
BLAST EQ-5D analysis
Baseline, mean 0.809 0.817 to 0.800 (Lognormal (Utility)) | B.3.4.1
GLM/GEE regression analysis covariates
Intercept 0.353 NA (Var-Covar Matrix)
Baseline 0.543 NA (Var-Covar Matrix)
Off-Treatment Relapse-Free 0.010 NA (Var-Covar Matrix) B.3.4.1
MRD Response 0.047 NA (Var-Covar Matrix)
Terminal Decrement -0.129 NA (Var-Covar Matrix)
Gen. pop.
Male
18 -24 0.940 NA
25-34 0.930 NA B.3.4.1
35-44 0.910 NA
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Variable Measurement of uncertainty and Refert_ancg e
Value P AP section in
distribution: Cl (distribution) ..
submission
45 - 54 0.840 NA
55-64 0.780 NA
65-74 0.780 NA
75-100 0.750 NA
Female
18-24 0.940 NA
25-34 0.930 NA
35-44 0.910 NA
45 - 54 0.850 NA
B.3.4.1
55 - 64 0.810 NA
65-74 0.780 NA
75-100 0.710 NA
Long-term decrement versus general population 0.02

Abbreviations: Cl: confidence interval; ICER: incremental cost effectiveness ratio; BSA: body surface area; MRD: minimal residual disease; SoC: standard of care; RFS: relapse-
free survival; OS: overall survival; RR: relative risk: Mos: months; CSF: cerebrospinal fluid; IV: intravenous: HSCT: haematopoietic stem cell transplantation; EQ-5D: EuroQol 5
dimensions questionnaire; GLM: generalised linear model; GEE: generalised estimating equations.
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B.3.6.2 Assumptions

Key modelling assumptions and their justifications are listed below (Table 56).

Table 56. Key Modelling Assumptions

Model input and
cross reference

Source/assumption

Justification

The population of
interest is patients with
Ph- B-precursor ALL
in MRD+ CR1

(Section B.3.6.2, page
144)

Data limitation arising
from the historical
comparator study

Blinatumomab will be used as early as possible
in the treatment pathway, i.e. in CR1 patients,
where the benefits of treatment are likely to be
greatest.

Although the cost effectiveness evidence does
not consider the Ph+ population or later
remission states, due to the substantial unmet
need across all sub-populations blinatumomab
should be considered for use in alignment with
its full anticipated marketing authorisation.

The appropriate
comparator of interest
is SoC maintenance
therapy

(Section B.3.6, page
144)

Conservative
assumption based on
eligibility criteria of
BLAST/historical
cohort and clinical
practice based on
UKALL14 protocol

In BLAST, haematological CR was defined as <
5% blasts in bone marrow after at least 3
intense chemotherapy blocks. Accordingly, it is
appropriate to assume that patients receiving
blinatumomab will have already received
induction, intensification, and consolidation
therapy. A conservative assumption was
therefore made to only include the cost of
ongoing maintenance chemotherapy to avoid
counting costs of treatment that may already
have been received.

All patients who
relapse before 60
months receive multi-
agent chemotherapy
(FLAG-IDA) as

Consistent with SoC
salvage therapy
received among
patients in BLAST and
historical control

Model estimates of OS are internally consistent
with SoC salvage although do not reflect the
likely use of blinatumomab as salvage therapy
given the recent NICE TA450 guidance.

salvage therapy study. A key scenario analysis was therefore
conducted to assess the impact of salvage
treatment with blinatumomab in the SoC arm to
better reflect current clinical practice in the UK.

Mortality rates for Conservative Mortality rates will decline initially as patients

blinatumomab and
SoC will never be less
than age- and sex-
match general
population mortality
rates adjusted for the
increase in long-term
mortality due to
exposure to
radiotherapy, cytotoxic
chemotherapy, and
HSCT

(Section B.3.6, page
144)

assumption, similar to
NICE TA450?2

who are not cured die, and then are expected to
increase over time due to increasing non—
disease-related mortality in cured patients.
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Utility values after 5
years are the same for
patients receiving
blinatumomab and
SoC and assumed to
be equal to UK
general population
norms for EQ-5D
adjusted for long-term
decrement in HRQoL
due to exposure to
radiotherapy, cytotoxic
chemotherapy, and
HSCT

(Section B.3.6, page
144)

Clinical expert opinion

Adjusted from NICE
TA450 to reflect the
earlier position in the
treatment pathway (5
years here, 4 years in
TA450)%2

Patients surviving for 5 years are likely to be
cured of ALL and to no longer suffer from
disease-related decrements in HRQoL.
Consequently, utility values will be the same for
patients receiving blinatumomab and FLAG-IDA.
Over time, utility values will decrease due to
age-related reductions in HRQoL.

Clinical expert opinion supports the notion of
cure at 5 years if not before.

ALL-related costs
(excluding follow-up
costs associated with
HSCT conducted
previously) are zero in
both groups after 5
years

(Section B.3.6, page
144)

Clinical expert opinion

This assumption is based on clinical expert
opinion that patients who survive for five years
are likely to be cured and will no longer require
ALL treatment (excluding follow-up costs
associated with HSCT conducted previously).

Costs of AEs are
captured in costs of
inpatient and
outpatient
administration of
medications

(Section B.3.6, pages
144—145)

Aligned with NICE
TA45022

Since blinatumomab is administered initially in
hospital, the treatment of AEs is likely to be
provided during the hospital stay and therefore
included in the hospitalisation cost. As patients
are assumed to visit outpatient infusion centres
every 4 days when receiving the drug out of
hospital, it is likely AEs could be managed
during these scheduled visits.

For patients in the RF
state, utility values are
dependent whether
patients are on vs. off
blinatumomab
treatment, MRD
response, and time
from death

(Section B.3.6, page
145)

BLAST

This assumption is supported by regression
analyses on EQ-5D utility values among patients
in BLAST. Although the coefficients for off vs. on
treatment and MRD response were not
statistically significant, they were directionally
consistent with expectations (i.e., higher utility
values for patients off treatment and with MRD
response).

Patients receiving
blinatumomab will be
hospitalised for four
days for the first cycle
and 2 days for the
second cycle.
Remaining cycles will
be administered on an
outpatient basis
(Section B.3.6, page
145)

Aligned with NICE
TA450%

This assumption is consistent with the appraisal
committee’s preferred assumption in NICE
TA450 recommending blinatumomab for
previously treated Ph- ALL.
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Abbreviations: Ph: Philadelphia chromosome; ALL: acute lymphoblastic leukaemia; CR1: first haematological
complete remission; MRD: minimal residual disease; SoC: standard of care; HSCT: haematopoietic stem cell
transplantation; UK: United Kingdom; EQ-5D: EuroQol 5 dimensions questionnaire; HRQoL: health-related quality
of life; FLAG-IDA: fludarabine, cytarabine, granulocyte colony-stimulating factor, idarubicin; AE: adverse events;
RF: relapse-free; TA: technology appraisal.

B.3.7 Base-case results

Base-case results are presented in the following sub-section. Clinical outcomes and
dissagregated results are presented in Appendix J.

B.3.7.1 Base-case incremental cost-effectiveness analysis results

Base-case results for the cost effectiveness of blinatumomab versus SoC in adult patients with
Ph- B-precursor ALL are reported in Table 57. Blinatumomab was projected to yield 3.58 more
discounted life-years (LYs) and 2.95 more discounted QALY's than SoC. Total costs were
estimated to be [l higher with blinatumomab than with SoC. The ICER for blinatumomab
versus SoC was therefore estimated to be £28,524 per QALY gained. As described in Section
B.3.8 below, mean ICER from the PSA (calculated as the ratio of the mean incremental costs to
the mean incremental QALYSs) is £29,673 per QALY gained.
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Table 57: Base-case results

Technologies Total Total Total Incremental costs | Incremental LYG | Incremental ICER (£/QALY)
costs (£) | LYG QALYs (£) QALYs

SoC H -5 4.14

Blinatumomab Bl o0 7.10 84,259 3.58 2.95 28,524

Abbreviations: ICER: incremental cost-effectiveness ratio; LYG: life years gained; QALYs: quality-adjusted life years; SoC: standard of care.
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Incremental costs and QALY's with blinatumomab versus SoC are plotted on the cost-
effectiveness plane in Figure 41. Also shown on the figure is the line representing a willingness-
to-pay (WTP) threshold of £50,000 per QALY gained. The co-ordinates for the base-case
estimate of the ICER is below the line suggesting that blinatumomab is a cost-effective use of
healthcare resources given this threshold.

Figure 41. Incremental costs and QALYs with blinatumomab versus SoC
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Abbreviations: SoC: standard of care; ICER: incremental cost-effectiveness ratio; QALYs: quality-adjusted life-
years; WTP: willingness to pay.

B.3.7.2 Key scenario analysis — blinatumomab as salvage treatment in SoC

Results for a key scenario analysis where patients who relapse on SoC receive blinatumomab
are presented in Table 58. This scenario was conducted to more accurately reflect current UK
clinical practice given the recent NICE TA450 guidance recommending the use of blinatumomab
in patients with relapsed/refractory Ph- B-Cell ALL. In this scenario, it was assumed that 70% of
patients who relapse while receiving SoC maintenance would receive blinatumomab as salvage
therapy, based on unpublished forecasts of market share from Amgen.

This scenario was implemented using the incremental costs and QALY's from the company
evidence submission in response to the recent NICE STA of blinatumomab with R/R B-precursor
ALL."97 Specifically, the costs of blinatumomab salvage |} was estimated by adding to the
estimated cost of multi-agent chemotherapy salvage (i) the incremental costs of
blinatumomab versus FLAG-IDA salvage for the sub-population of patients with no prior salvage
therapy, using the PAS discount D). To account for the beneficial effects of blinatumomab
salvage, the 70% of patients receiving blinatumomab salvage were assigned the estimated
discounted incremental life-year gain of 2.40 and a QALY gain with blinatumomab versus FLAG-
IDA salvage (1.98 QALYs gained). For discounting, the life year and QALY gains were assigned
at the time of relapse. In this scenario, blinatumomab was projected to yield 2.31 more
discounted life-years (LYs) and 1.91 more discounted QALY's than SoC. Total costs were
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estimated to be [l higher with blinatumomab than with SoC. The ICER for blinatumomab
versus SoC was therefore estimated to be £17,420 per QALY gained.
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Table 58. Key scenario results — blinatumomab as salvage tx for SoC — B.3.7.1 (page 146)

Technologies Total Total LYG | Total Incremental. Incremental Incremental Incremental
costs (£) QALYs costs (£) LYG QALYs ICER (£/QALY)

SoC e 6.78 5.19

Blinatumomab e 9.09 7.10 33,473 2.31 1.91 17,420

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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B.3.8 Sensitivity analyses

B.3.8.1 Probabilistic sensitivity analysis

Probabilistic sensitivity analyses (PSAs) were generated based on 10,000 Monte-Carlo
simulations with sampling from the distributions of parameter estimates for which distributional
information was available. Parameters of survival distributions were sampled from bootstrap
distributions derived from the source data (BLAST and historical control).

Results of PSAs for the comparison of blinatumomab versus SoC are summarised in Table 59.

Table 59. Results of PSA of blinatumomab versus SoC

Outcome Blinatumomab SoC Incremental
Life years (not discounted)
Mean 13.28 7.76 5.52
SD 2.31 1.28 2.44
Median 13.49 7.87 5.52
95% LCL 7.47 5.12 0.00
95% UCL 17.02 10.01 9.93
QALYs (discounted)
Mean 6.96 4.11 2.85
SD 1.10 0.60 1.19
Median 7.04 415 2.86
95% LCL 4.31 2.87 0.21
95% UCL 8.78 5.19 5.04
Cost (discounted) (£)
Mean
SD
Median
95% LCL
95% UCL

Abbreviations: PSA: probabilistic sensitivity analyses; SoC: standard of care; SD: standard deviation; LCL: lower

confidence limit; UCL: upper confidence limit; QALY quality-adjusted life year.

Box and whisker plots of the PSA results for undiscounted life-years, QALYs, and costs are

shown in Figure 42.
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Figure 42. Box and whisker plots for distributions of LY, QALYs and costs from PSA
Life Years QALYs

Costs

Abbreviations: LY: life years; QALY: quality-adjusted life year; PSA: probabilistic sensitivity analyses; SoC: standard of care.
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The results of the PSA with respect to cost-effectiveness are summarised in Table 60. Given an
ICER threshold of £50,000/QALY, the mean NMB was £57,855. The mean ICER from the PSA
was £29,673.

Table 60. Cost-effectiveness results from probabilistic sensitivity analyses

Value
Percent of simulations in quadrant of CE plane
Northeast (more costly and more effective) 99.5%
Southeast (dominant) 0.0%
Southwest (less costly and less effective) 0.0%
Northwest (dominated) 0.5%
NMB (WTP = £50,000 per QALY) (£)
Mean 57,855
SD 54,845
Median 59,472
95% LCL -61,944
95% UCL 158,790
Probability that therapy is preferred (WTP = £50,000)
Blinatumomab 85.5%
SoC 14.5%
PSA mean ICER (ratio of mean incremental cost to mean incremental QALYSs) (£) 29,673

Abbreviations: CE: cost-effectiveness; NMB: net monetary benefit; WTP: willingness to pay threshold; QALY:
quality-adjusted life year; SD: standard deviation; LCL: lower confidence limit; UCL: upper confidence limit; SoC:
standard of care; PSA: probabilistic sensitivity analyses; ICER: incremental cost-effectiveness ratio.

A scatter plot of the joint distribution of incremental costs and incremental QALY's from the PSA
is shown in Figure 43. It should be noted that the correlation of the incremental costs and QALY's
is relatively modest (Pearson correlation coefficient = 0.44). This reflects that the blinatumomab
medication and administration costs are modelled independently of clinical outcomes.
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Figure 43. Scatter plot of simulations on cost-effectiveness plane
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Abbreviations: ICER: incremental cost-effectiveness ratio; WTP: willingness to pay threshold; QALY: quality-
adjusted life year.

Cost-effectiveness acceptability curves for blinatumomab and SoC care shown in Figure 44. The
probability that blinatumomab is preferred was estimated to be 85.5% given an ICER threshold of
£50,000 per QALY.

Figure 44. Cost-effectiveness acceptability curves for blinatumomab and SoC
maintenance therapy
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Abbreviations: SoC: standard of care; ICER: incremental cost-effectiveness ratio; WTP: willingness to pay
threshold; QALY quality-adjusted life year.
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B.3.8.2 Deterministic sensitivity analysis

A tornado chart for the ICER for blinatumomab vs. SoC is shown in Figure 45. Changes in the
proportion of blinatumomab patients receiving HSCT had a relatively large effect on the ICER,
which varies from £16,408 to £44,322 per QALY gained as this parameter is varied across its
95% CI (per 6 months, base-case = 14.1%, 95% CI: 7.43% to 22.57%). The model was also
relatively sensitive to the parameters relating to the duration of treatment with blinatumomab, as
seen by varying the proportion starting and completing treatment, with the ICER varying from
£23,260 to £34,101 per QALY gained as these parameters were varied simultaneously across
their 95% Cls.

Figure 45. Tornado diagram of ICER of blinatumomab versus SoC

Abbreviations: ICER: incremental cost-effectiveness ratio; SoC: standard of care; OS: overall survival; Allo-SCT:
allogeneic stem cell transplantation; IP: inpatient; MRD: minimal residual disease’ RFS: relapse-free survival; OP:
outpatient; Tx: treatment.

B.3.8.3 Scenario analysis

A description of the various scenario analyses is provided in Table 61.
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Table 61. Description of scenario analyses

No. | Description Base-case setting Scenario setting Justification

1 ATE weights ATT weights Utilities, MRD response rates, age, | Alternative methodology as per NICE
proportion male, duration of DSU TSD 17 using ATE weights
therapy, RFS distribution, OS explored
distribution, probability RFS event
is death, all with ATE rather than
ATT weights.

2 Alternative RFS Gompertz (U), OS RFS and OS distributions changed | Restricted Gompertz was the best-fitting
Extrapolation Lognormal Mix (Cure) to restricted Gompertz and RFS distribution based on the fit criteria
Methods unrestricted Weibull non-mixture used for distribution selection. The

cure, respectively. unrestricted Weibull non-mixture cure
distribution was the best-fitting OS
distribution that was compatible with the
restricted Gompertz, i.e. RFS never
exceeded OS. This combination
presents a more favourable scenario.

3 RFS Gompertz (U), OS RFS and OS distributions changed | The RCS log-logistic was the third-best

Lognormal Mix (Cure) to restricted RCS log-logistic and fitting distribution for RFS (the second
restricted RCS Weibull, was used for the base-case) based on
respectively. the fit criteria used for distribution

selection. The restricted RCS Weibull
distribution was the best fitting OS
distribution that was compatible with the
selected RFS distribution, i.e. RFS
never exceeded OS, and the second-
best OS distribution overall. This
combination presents a less favourable
scenario.

4 2-fold increase in 4-fold increase in long-term Long-term excess mortality set to The base-case assumed a minimum of
long-term excess excess mortality 2 (scenario 4) and 6 (scenario 5). a 4-fold increase in mortality versus
mortality general population based on an analysis

) . . of the long-term consequences of

° E;ﬂig?&riii;z allogeneic HSCT conducted by Martin et

mortality al.”® We evaluated the sensitivity of the
model to this assumption by increasing
and decreasing this estimate by 50%.
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No. | Description Base-case setting Scenario setting Justification

6 Duration of benefits = | In the base-case, RFS and OS | Duration of benefits set to 60 While the base-case assumption
60 months were modelled based on months. implicitly limits the duration of benefits of

parametric survival blinatumomab on survival, this scenario
distributions fit to survival data was generated to investigate the impact
from BLAST and the historical of explicitly limiting the duration of
control, combined with age- benefit to 60 months. 60 months was
and sex-matched general chosen as the point when patients are
population mortality adjusted considered “cured” and therefore no
for excess risk of death due to longer under the influence of
exposure to radiotherapy, blinatumomab.

chemotherapy, and HSCT.

This approach was assumed

to accurately represent the

long-term benefits of

blinatumomab on survival.

Based on this approach, the

HR for OS for blinatumomab

versus SoC reached a nadir of

approximately 0.37 at 8 years

and was equal to

approximately 1.0 by 11 years.

Hence this approach implicitly

limits the duration of benefit on

OS to 11 years.

7 Inpatient costs with 4 inpatient days cycle 1, 2 8.8 inpatient days’ cycle 1, 5.4 The base-case uses the number of
on-treatment inpatient days cycle 2, 0 inpatient days’ cycle 2, 4.2 inpatient days outlined in the NICE
inpatient days from inpatient days thereafter, inpatient days’ cycle 3, 3.8 guidance TA450 for blinatumomab for
BLAST based on the NICE guidance inpatient days’ cycle 4. R/R ALL.7® For sensitivity, we generated

. . TA450 for R/R Ph- B-cell ; . ) results first using the number of inpatient

8 | Inpatient costswith | precursor ALL'S %Lnaﬁﬁndtadyiy; cvole ;l;ésequent days observed in the BLAST trial for the
inpatient days from cycle (cycles 2-4). CR1 populgtlon_and then _based on the
blinatumomab label number of inpatient days in the

proposed EMA SmPC for blinatumomab
MRD indication.
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probability of pre-
relapse HSCT
identical for

pre-relapse HSCT for CR1
population of BLAST trial was
72.6%. The six-month

relapse HSCT for patients in the
historical control study was 38.4%.
The six-month probability for

No. | Description Base-case setting Scenario setting Justification
9 Blinatumomab RFS 47.1% 20% Because the relatively high proportion of
events that are RFS events that were deaths for
deaths blinatumomab may reflect incomplete
capture of relapses after transplant in
BLAST, a scenario analysis was
conducted assuming the proportion of
RFS that were deaths was only 20%.
10 HRU data from online | In the base-case, HRU data In the scenario analysis, HRU was | To investigate the impact of alternative
survey were based on results of face- | based on results of the online data source for HRU associated with
to-face interviews of two UK survey of 20 UK clinicians: MRD
clinicians: o Inpatient days MRD+: 3.10
¢ Inpatient days MRD+: 1.75 e Inpatient days MRD-: 2.33 In the base-case, inpatient and
e Inpatient days MRD-: 0.06 o Visits to haematologist, MRD+: outpatient healthcare resource utilisation
« Visits to haematologist, 1.17 (HRLlj) b¥]!V|RD refspoqse was bas?d on
MRD+: 2.00 - . . results of face-to-face interviews of two
Visits to h toloqist ¢ ?)/IS;S to haematologist, MRD-: UK experts — this approach was
* MI;IDS _01 5%ema ologist, A o considered appropriate given the rare
e Y e Visits to radiologist, MRD+: and complex nature of this disease area.
e Visits to ralelOngt, MRD+: 0.25 Ne\/eﬂ:he]essY a fO"OW-Up, |arger
0.42 e Visits to radiologist, MRD-: 0.08 | multinational online survey that was also
e Visits to radiologist, MRD-: o Visits to physician, MRD+: 0.83 | conducted to gather more information on
0..2.5 N « Visits to physician, MRD-: 0.50 patterns of testing for MRD response.
e Visits to physician, MRD+: e Other visits. MRD+: 0.25
0.75 L S The results for the online survey were
e Visits to physician, MRD-: ¢ Other visits, MRD-: 0.25 considered only in a scenario analysis
0.42 as despite the increased sample size,
+ Otrrisis,WFRDY: 051
e Other visits, MRD-: 0.25 participating in the online survey did not
adequately understand the questions,
thus this likely reflected a less accurate
estimate of the resource impact.
11 Cumulative The cumulative probability of The cumulative probability of pre- | A high rate of HSCT was observed in

the BLAST trial, which might not be
accurately reflecting the UK clinical
practice, given that a large proportion of
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No. | Description Base-case setting Scenario setting Justification
blinatumomab as for | probability for months 1-48 months 1-48 that yielded this the patients in BLAST are from
SoC was estimated to be 14.15% value at 48 months for Germany. This scenario was run to

blinatumomab patients was 7.47% | investigate results using an HSCT rate
equal to that observed in the historical
control study.

12 ALL-related costs ALL-related costs applied to 60 | Time when ALL-related costs not To investigate the sensitivity of the
applied indefinitely months applied set to infinity. model to assumptions regarding ALL-

related costs.

13 0% MRD response 8% MRD response rate for SoC MRD response rate set to To investigate other reasonable
rate for SoC SoC 0%. assumptions about the MRD response

14 15% MRD response SoC MRD response rate set to rate for SoC.
rate for SoC 15%.

15 No disutility for long- | 0.02 disutility for long-term Set disutility for long-term To investigate other reasonable
term survivors survivors survivors to 0. assumptions regarding disutility for long-

16 | 0.04 disutility for Set disutility for long-term term survivors.
long-term survivors survivors to 0.04.

17 SoC RFS utility equal | Utility during RFS for patients Utility during RFS for patients To address any the impact of base-case
to blinatumomab off- | receiving SoC was estimated receiving SoC was set to 0.842 assumption that blinatumomab patients
treatment RFS utility | to be 0.806 based on the based on the estimated utility having a higher utility during RFS than

estimated utility value from the | value from the GLM/GEE SoC patients as a consequence of
GLM/GEE regression analysis | regression analysis of EQ-5D higher rate of MRD response.
of EQ-5D utility values in utility values in BLAST for patients
BLAST for patients who were who were off treatment, in
off treatment, in haematological relapse, and
haematological relapse, and assuming the same MRD
assuming 8% MRD response response as blinatumomab
(83.5%)

18 Use ALL-related ALL-related utilities and costs Set times when pre-relapse other To investigate the sensitivity of the
utilities and costs used up to 60 months inpatient/outpatient, post-relapse model to the time when ALL-related
only to 36 months other inpatient/outpatient, salvage, | costs and utilities are no longer applied,

19 Use ALL-related and terminal care costs no longer i.e., patients are cured after 36 months
utilities and costs applied, as well as the time or 48 months.
only to 48 months bgygnd which general populat.ion

utilities are used and the terminal
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No. | Description Base-case setting Scenario setting Justification
decrement is no longer applied to
36 and 48 months, respectively.
20 Model timeframe = 30 | Model timeframe = 50 years Model timeframe set to 30 and 60 | To investigate the impact on model
years years, respectively results of varying the model timeframe.
21 Model timeframe = 60
years
22 Annual discount rate | Discount rates for costs and Discount rates for costs and To investigate the alternative discount
for costs and QALYs | effectiveness are 3% effectiveness set to 1.5%. rate suggested by the NICE Guide to
=1.5% Technology Appraisal.®
23 Limitations relating to | ATT-weighted analysis of RFS and OS survival distribution To account for potential limitations in the
generalisability of historical cohort analysis based on the ATT analysis of the generalisability of historical data to
SoC arm to current historical cohort study is adjusted current clinical practice. Although clinical
practice upwards by a factor of 15%. expert opinion concluded that standard
of care has not meaningfully progressed
in the last decade, such an analysis may
represent a ‘worst-case’ estimate of the
relative efficacy.
24 Blinatumomab OS Blinatumomab cure fraction Set cure fraction = to midpoint To investigate impact on model to
cure fraction = estimated from OS Lognormal | between estimated SoC and variations in the projected cure fraction
midpoint OS cure Mixture Cure model blinatumomab cure fractions
fractions (effective 50% reduction in benefit)

Abbreviations: HSCT: haematopoietic stem cell transplant; HSCT: haematologic stem cell transplant; MRD: minimal residual disease; QALY: quality-adjusted life-
year; RFS: relapse-free survival; SoC: standard of care; OS: overall survival.
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Results of scenario analyses are presented in Table 62.

Table 62. Results of scenario analyses

Blinatumomab SoC Blinatumomab vs. SoC
Life- Life- Life-
# Scenario Cost (£) Years QALYs Cost (£) Years QALYs Cost (£) Years QALYs ICER (£)
Base case ] 9.09 7.10 e 5.51 4.14 84,259 3.58 2.95 28,524
1 | ATE weights ] 8.70 7.01 e 5.99 4.62 81,370 2.71 2.39 33,999
Alternative ] e
extrapolation
2 Sﬁ:;‘\‘/’gjrable 9.47 7.40 5.44 4.09 83,064 4.02 3.31 25,081
RFS RCS Log- I ]
Logistic (R), OS
3 RCS Weibull (R) 8.57 6.70 5.26 3.96 83,874 3.30 2.74 30,647
2-fold increase - -
long-term excess
4 mortality 10.03 7.80 5.93 4.46 84,300 410 3.35 25,199
6-fold increase - -
long-term excess
5 mortality 8.46 6.63 5.23 3.94 84,234 3.23 2.69 31,274
Duration of ] .
benefits = 60
6 months 8.42 6.58 5.51 4.14 84,263 2.91 2.44 34,559
IP costs withon- | | Gz e
Tx IP days from
7 BLAST 9.09 7.10 5.51 4.14 89,235 3.58 2.95 30,209
IP costs with on- | | Gz e
Tx IP days from
8 Blincyto® label 9.09 7.10 5.51 4.14 84,405 3.58 2.95 28,574
23.55% of . .
blinatumomab
RFS events are
9 deaths 9.09 7.09 5.51 4.14 90,548 3.58 2.95 30,698
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10

HRU data from
online survey

9.09

7.10

5.51

4.14

105,376

3.58

2.95

35,673

11

Cumulative
probability of pre-
relapse HSCT
same for
blinatumomab as
for SoC

9.09

7.14

5.51

4.14

49,403

3.58

3.00

16,479

12

ALL-related costs
applied to end of
model time
horizon

9.09

7.10

5.51

414

80,302

3.58

2.95

27,185

13

0% MRD
response rate for
SoC

9.09

7.10

5.51

414

82,537

3.58

2.96

27,892

14

15% MRD
response rate for
SoC

9.09

7.10

5.51

4.15

85,766

3.58

2.95

29,080

15

No disutility for
long-term
survivors

9.09

7.22

5.51

4.21

84,259

3.58

3.01

27,979

16

0.04 disutility for
long-term
survivors

9.09

6.98

5.51

4.08

84,259

3.58

2.90

29,091

17

SoC RFS utility =
blinatumomab
off-Tx RFS utility

9.09

7.10

5.51

4.16

84,259

3.58

2.93

28,722

18

ALL-related
utilities and costs
only to 36
months

9.09

7.11

5.51

4.19

87,100

3.58

2.92

29,866

19

ALL-related
utilities and costs
only to 48
months

9.09

7.10

5.51

4.17

85,364

3.58

2.94

29,056
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20

Model timeframe
=30y

8.78

6.88

5.35

4.03

84,126

3.42

2.85

29,552

21

Model timeframe
=60y

9.09

7.10

5.51

4.14

84,259

3.58

2.95

28,524

22

Annual discount
rate for costs and
QALYs=1.5%

11.27

8.77

6.65

5.01

85,119

4.62

3.76

22,639

23

Limitations
relating to
generalisability of
SoC arm to
current practice

9.09

7.10

6.48

4.88

80,202

2.61

2.22

36,163

24

Blinatumomab
OS cure fraction
= midpoint OS
cure fractions

7.34

5.75

5.51

414

78,918

1.83

1.61

49,101

Abbreviations: SoC: standard of care; LY: life years; QALY: quality-adjusted life year; ATE: average treatment effect; RFS: relapse-free survival; R: restricted; OS:
overall survival; U: unrestricted; Tx: treatment; HRU: healthcare costs and resource use; HSCT: haematopoietic stem cell transplantation; ALL: acute lymphoblastic
leukaemia
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The impact of the key scenario analyses are discussed in more detail below.

The first scenario examined the cost-effectiveness of blinatumomab versus SoC using ATE rather
than ATT weighting. ATE weights were applied to the RFS and OS survival distributions, utilities,
duration of therapy, mean starting age, mean proportion of male patients, and mean body surface
area (BSA) (see Appendix L and Appendix P). Cost effectiveness of blinatumomab is somewhat less
favourable using the ATE weights, yielding an ICER of £33,999.

As outlined in the curve fitting section (see Section B.3.3), the models selected for the base-case
were selected based on fit statistics, visual fit, and consistency of RFS and OS projections. Other
survival distributions that were not selected but still performed well are presented in scenarios 2 and
3 (see Section B.3.3). Of the parametric cure models, we decided to use the more conservative of
the best-fitting options as the base-case. Scenario 2 presents a more favourable selection whereas
scenario 4 presents a less favourable approach. ICERs for these scenarios were £25,081 and
£30,647 for scenarios 3 and 4, respectively.

The base-case uses estimates of HRU for follow-up and monitoring based on face-to-face interviews
of 2 UK clinicians. In Scenario 10 HRU data from the online survey of 20 UK clinicians was used
instead. The projected mean number of inpatient days was substantially greater, and the difference
in mean inpatient days for MRD+ versus MRD- patients was substantially less, based on the online
survey data versus the face-to-face interviews. Use of the online survey data therefore increased the
ICER to £35,673 per QALY gained. However, as discussed in Section B.3.5.4, the HRU costs based
on in-deth interviews were considered to more accurately reflect the true resource implications
despite the smaller sample size.

In the base-case, the probability of allogeneic HSCT pre-relapse was estimated to be greater in
patients receiving blinatumomab compared with SoC. In Scenario 12, the probability of allogeneic
HSCT with blinatumomab was calibrated so that the cumulative probability of pre-relapse HSCT is
the same for blinatumomab as for SoC. Because LYs and QALYs are estimated independently of
the rate of HSCT, changes in this parameter only impact the expected costs. Given the high cost of
HSCT, setting the cumulative probabilities of HSCT to be the same for blinatumomab and SoC
reduced the ICER considerably, to £16,479 per QALY gained.

Finally, a further scenario analysis were conducted to explore limitations associated with estimating
comparative effectiveness due to the single-arm BLAST. In scenario 23, the OS survival estimated
for SoC was revised upwards by 15% (HR 0.85) to assess potential impact on the underestimation
of survival based on historical data — the HR was selected based on an analysis presented in the
NICE appraisal for blinatumamb for the treatment of R/R ALL where a historical control study was
shown to underestimate survival when compared to the pivotal phase 3 study (TOWER). The
resulting ICER increased to £36,163 per QALY gained. Nevertheless, clinical expert consistently
concluded that standard of care has not meaningfully progressed in the last decade, therefore such
an analysis may represent a ‘worst-case’ estimate of the relative efficacy. Furthermore, in the
scenario analysis assessing the impact of varying the estimated cure fraction, the ICER remained
cost-effective (£49,101) despite assuming a 50% relative reduction in benefit from the base case
analysis

Company evidence submission template for blinatumomab for acute lymphoblastic leukaemia
for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 162 of 285



B.3.8.4 Summary of sensitivity analyses results

Results of the PSA indicate that there is 85.5% probability that blinatumomab is preferred to SoC at
a WTP threshold of £50,000 per QALY. From the deterministic sensitivity analyses, changes in the
proportion of blinatumomab patients receiving HSCT had the most impact on the ICER, which varies
from £16,408 to £44,322 per QALY gained as this parameter is varied across its 95% CI (per 6
months, base-case = 14.1%, 95% CI: 7.43% to 22.57%). In all scenario analyses, the ICER for
blinatumomab was consistently below the threshold of £50,000 per QALY for end of life medicines.
The ICER was least favourable in the scenarios using the HRU data from the online survey (£35,673
per QALY), when the duration of benefits of blinatumomab on RFS and OS were limited to 60
months (£34,559 per QALY), and in the highly conservative analysis where the OS of the SoC arm is
improved by 15% (£36,163 per QALY). Furthermore, in the scenario analysis assessing the impact
of varying the estimated cure fraction, the ICER remained cost-effective (£49,101) despite assuming
a 50% relative reduction in benefit from the base case analysis.

Importantly, in the key scenario analysis where blinatumomab was considered to be used as a
salvage treatment in the Soc arm (to better reflect clinical practice), the ICER was significantly more
favourable than in the base-case (£17,522 per QALY).

B.3.9 Subgroup analysis

No subgroup analyses were conducted.

B.3.10 Validation

B.3.10.1 Validation of cost-effectiveness analysis

We conducted a validation of the Microsoft Excel workbook model used in the economic evaluation.
The validation consisted of a series of procedures to check the general modelling approach, model
calculations, model functionality, and model inputs. The procedures employed to validate the model
are summarised in Table 63.

Table 63. Summary of validation procedures

No. Step

Exploratory tests of Model calculations

Identify unused named ranges;

Check that there are no links to other workbooks or external files

Test Model control objects (buttons, etc.) for functionality

Check that “load/save” works correctly

Identify overly complex/difficult to parse formulas

Identify #REF, #NUM, and #NA errors

Identify hard-coded values within formulas

O[N] W|IN| -~

Identify inconsistencies in formulas across contiguous ranges
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10 Identify unused calculations

11 Check that all input values are appropriately referenced

12 Check index/lookup functions for offset errors

13 Check that x- and y-axis ranges on Model charts change as results change

14 | Generate results using extreme values/edge cases for Model inputs and check Model
results for errors or anomalous findings

15 Generate sensitivity analyses using the Model and check the results of these analyses
against priors (e.g., increasing medication costs increases costs and ICER but not LYs
and QALYs; increasing utilities increases QALY's but not LY's or costs, increasing
mortality decreases LYs, QALY's and costs)

16 Generate probabilistic sensitivity analyses and check the results against those based on
base-case point estimates (e.g., check that mean incremental costs from PSA equals
incremental cost for base-case; check correlation of study outcomes)

17 Check the Model inputs against source documents

18 Check Model formatting (e.g., inputs one colour fill, results a different colour fill)

19 Check that Model is free of spelling and grammar errors

20 Check that discounting is applied appropriately

Abbreviations: ICER: incremental cost-effectiveness ratio; LY: life year; QALY: quality-adjusted life year.

B.3.10.2 Exploratory test

Exploratory testing is a form of ad hoc testing, whereby an experienced modeller probes the
correctness of the model using different heuristics and edge cases or extreme values.'%"2 The
following exploratory tests were performed:

Discounting of LYs and QALYs was checked by setting discount rates for effectiveness to 0% and
confirming that undiscounted and discounted LYs and QALY's were equal.

Utility values were checked by setting all utility values to 1.0 and all disutilities to zero and
confirming that LYs were equal to QALYs.

Survival calculations were checked by setting RFS and OS to a custom distribution with RFS and
OS equal to 100% for the entire model time horizon, setting model start age to 50 years and model
sex to 100% male, and excess mortality to zero, and confirming that LY's were equal to UK general
population life expectancy for males at 50 years of age (31.1 years in model versus 31.18 years
in UK 2013-2015 lifetable).

Survival calculations were checked by setting the RFS and OS to a custom distribution with RFS
and OS equal to general population mortality for a 50-year-old male, setting model start age to 50
years, sex to 100% male, excess mortality to zero, and confirming that LY's are consistent with UK
general population expectancy for males at 50 years of age with and without the use of the general
population mortality as a floor.

The calculation of the costs of blinatumomab medication was checked by generating a one-way
sensitivity analysis on the unit cost of blinatumomab and confirming that changes in unit cost of
blinatumomab results in linear changes in the ICER.
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e Average utility values by state were back calculated from the results by dividing QALYs per state
by the corresponding LYs and comparing results with model inputs for utility values to ensure
consistency.

e Average blinatumomab medication costs per cycle were back calculated from the results by
dividing the expected blinatumomab medication cost from the results by the average number of
vials per patent (based on the percentage starting and completing each cycle and the number of
vials per cycle), and comparing results with model inputs for medication costs to ensure
consistency.

e Average costs of allogeneic HSCT per patient receiving HSCT pre-relapse were back calculated
from the results by setting the discount rate for costs to zero, then dividing the expected costs of
pre-relapse HSCT in the results by the model inputs for the cumulative probabilities of receiving
HSCT pre-relapse, and comparing results with model inputs for costs of HSCT to ensure
consistency.

e Average costs of salvage therapy per patient receiving salvage therapy was back calculated from
the results by setting the discount rate for costs to zero, then dividing the expected costs of salvage
therapy in the results by the cumulative proportion of patients relapsing, and comparing results
with model inputs for costs of salvage therapy to ensure consistency.

e Average annual pre- and post-relapse inpatient and outpatient costs were back calculated from
the results by setting the model timeframe to 5 years (to correspond to the period over which these
costs are accrued in the base-case) and dividing the (discounted) expected pre- and post-relapse
inpatient and outpatient costs in the results by the (discounted) expected pre- and post-relapse
life expectancy (in years). Back-calculated annual costs were compared with annual costs derived
directly from the model inputs to ensure consistency.

None of these tests identified any potential errors in the model calculations.

B.3.10.3 Named ranges

The named ranges in the model were checked to identify any ranges that were unused, referenced
external workbooks, or had missing references. No named ranges with errors were identified. No
named ranges were linked to any external workbooks.

B.3.10.4 Control objects

The control objects in the model including menu items, radio buttons, buttons, and drop-down
options were checked to make sure that they work correctly:

e The “load/save inputs” feature was found to work appropriately: new scenarios were created,
modified, and deleted as needed.

e All source boxes were tested and worked correctly.

e All dropdown menus were tested and worked correctly.

e The option to hide calculations on the PSA input sheet worked properly.
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B.3.10.5 Formulas

The formulas used in the model were checked to identify the following:

1. Long and complicated formulas that are hard to evaluate
Formulas that returned errors (e.g. #N/A, #VALUE, #NUM, #REF!)

Hardcoded values in formulas

Unused calculations

2
3
4. Inconsistencies in formulas across contiguous ranges
5
6. Unused input values

7

Offset errors in index/lookup functions

No formulas were found to be unnecessarily long or complicated. The model was searched for “#” to
identify any #N/A, #VALUE, #NUM, or #REF! errors; no such errors were identified. The only
hardcoded values included model formulas were required for model calculations (e.g., LYs per
model cycle entered as “7/365”). No inconsistent formulas across contiguous ranges were identified.
No unused calculations were identified. No offset errors were identified.

B.3.10.6 Charts

The charts in the model were checked to make sure that the data used by graphs was appropriate,
and that all the graphs were populated. No issues were identified with the x- and y-axes of charts.

B.3.10.7 Extreme values

To ensure the model generated expected results when extreme values were used as inputs, several
analyses were conducted using extreme values for selected model inputs. All results met
expectations.

B.3.10.8 Sensitivity analyses

To test whether the model generates results consistent with expectations, we ran the deterministic
sensitivity analyses for the base-case (see Section B.3.8.2). We then calculated the difference in life
years, QALYs, and costs for each sensitivity analysis versus the base-case (Table 64). For each
treatment and scenario, we then specified our expectations for how the cost, life years, and QALYSs,
would be expected to change (increase, decrease, or no change) for the given change in the
parameter value. We then compared the expected change with the actual change. Most results were
consistent with expectations with two exceptions. Although it would seem that a healthier population
would incur fewer costs, actually costs decrease with the lower bound of the OS cure fraction, for
both blinatumomab and SoC. This is because there is a higher probability of receiving HSCT pre-
relapse rather than post-relapse and since there is a lower proportion of patients in pre-relapse in
these sensitivity analyses, fewer patients receive HSCT, and so incur fewer costs.
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Table 64. Deterministic sensitivity analysis: difference vs. base-case (low value), expected vs. actual results

Expected Results (Up, Down, No Change)

Matches Expected Results

Difference versus Blinatumomab SoC Blinatumomab SoC
Base-case Costs | LYs | QALYs | Costs | LYs | QALYs | Costs | LYs | QALYs | Costs | LYs | QALYs
(Bgl;r;/MCIT)D Response N 0 ) . 0 i v v v v v Y
(1]
Blin RFS Hazard
- v v v v v v

Ratio (95% Cl) * 0 0 0 0
Blin RFS Shape ) v v v v v Y
Difference (95% Cl) * 0 0 0 0
Blin OS Cure
Fraction Difference + - - 0 0 0 b 4 v v v v v
(95% CI)
?:)I‘;) )IP On-Tx Cost ( ) 0 0 0 0 0 v v v v , Y
(BJlgo?/I;’ On-Tx Cost ) 0 0 0 0 0 v v v v v Y
- (1]
Blin Duration of

- v v v v v v
Therapy (95% CI) 0 ¥ 0 0 0
Proportion Blin
Receiving HSCT - 0 0 0 0 0 v v 4 4 v v
(95% CI)
Proportion SoC
Receiving HSCT 0 0 0 - 0 0 v v v v v v
(95% CI)
Proportion Post-
Relapse HSCT (95% - 0 0 - 0 0 v v v v v v
Cl)
HSCT Costs (+ 50%) - 0 0 - 0 0 v v v v v v
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Multi-Agent Chemo
Salvage Costs (+ - 0 0 - 0 0 v v v v Y
50%)
Other IP Costs ( ) i} v v v v v
50%) 0 0 0 0
Other OP Visits
- - v v v v v
Costs (* 50%) 0 0 0 0
SoC OP Visits Costs
- v v v v v
(£ 50%) 0 0 0 0 0
Post-Relapse Utility ) ; v v v v v
(95% CI) 0 0 0 0
Baseline Mean Utility ) B v v v v v
(95% CI) 0 0 0 0
Intercept Utility (95% 0 ) ) 0 _ _ v v v v v
Cl)
MRD Response
Utility Coefficient 0 - - 0 - - v v v v v
(95% CI)
Blin Prob. RFS Event
v v v v v
Death (95% Cl) " 0 0 0 0 0
SoC Prob. RFS Event
v v v v v
Death (95% Cl) 0 * 0 0 0 0
Off-Tx Relapse-Free
Utility Coefficient 0 - - 0 - - v v v v v
(95% CI)
Terminal Utility _ ) . . v v v v v
Decrement (95% Cl) 0 0
SoC OS Cure
- - v v v v
Fraction (95% CI) 0 0 0 il ¥
Utility Decrements 0 0 0 0 _ . v v v v v
for HSCT (95% CI)
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Abbreviations: SoC: standard of care; LY: life year; QALY quality-adjusted life year; MRD: minimal residual disease; RFS: relapse-free survival; OS: overall survival;
Cl: confidence interval; IP: inpatient; OP: outpatient; Tx: treatment; HSCT: haematopoietic stem cell transplantation.

Company evidence submission template for blinatumomab for acute lymphoblastic leukaemia for people with minimal residual
disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 169 of 285



B.3.10.9 Scenario analyses

Twenty-two scenarios were generated to test assumptions in the model. Table 65 compares the
expected result of the scenarios (whether values should increase, decrease, or remain the same) to
the actual results. The scenarios using ATE weights and different survival distributions are excluded
from this analysis because it is initially unclear how the results would be affected. Somewhat
unexpectedly, decreasing excess mortality (slightly) decreased costs for SoC while increasing costs
for blinatumomab. This is likely due to the relatively large proportion of SoC costs that are
associated with terminal care, as the reduction in terminal costs offsets the increase in post-relapse
costs when excess mortality is reduced. All other scenarios yielded results that were consistent with
expectations.
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Table 65. Scenario analysis: difference vs base-case, expected vs actual results

Expected Results (Up, Down, No Change)

Matches Expected Results

Scenario Blinatumomab SoC Blinatumomab SoC
Costs | LYs | QALYs | Costs | LYs | QALYs | Costs | LYs | QALYs | Costs | LYs | QALYs

2-fold I_ong-term excess + + + _ + + v v v X v v
mortality
6-fold I_ong-term excess ) ) ) + ; . v v v X v v
mortality
Duration of benefits = 60 + i ) 0 0 0 v v v v v v
months
IP costs with on-Tx IP days v v v v v v
from BLAST ’ 0 0 0 0 0
IP costs. with on-Tx IP days + 0 0 0 0 0 v v v v v v
from Blincyto label
Use updated HRU data + 0 0 + 0 0 v 4 v v 4 v
Cumulative probability of pre-
relapse HSCT same for - 0 0 0 0 0 v 4 v v v 4
blinatumomab as for SoC
Blinatumomab salvage Tx for 0 0 0 + 0 + v v v v v v
SoC
ALL-I:eI_ated costs applied + 0 0 + 0 0 v v v v v v
indefinitely
0% MRD response rate for 0 0 0 + 0 R v v v v v v
SoC
15% MRD response rate for 0 0 0 ) 0 n v v v v v v
SoC
No d_isutility for long-term 0 0 + 0 0 + v v v v v v
survivors
0.04 _disutility for long-term 0 0 ) 0 0 _ v v v v v v
survivors
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SoC RFS utility =
blinatumomab off-Tx RFS 0 0 0 0 0 + v v v v v v
utility
Use ALL-related utilities and ) 0 + ) 0 + v v v v v v
costs only to 36 months
Use ALL-related utilities and ) 0 . ) 0 . v v v v v v
costs only to 48 months
Model timeframe = 30 years - - - - - - v v v v v v
Model timeframe = 60 years 0 0 0 0 0 0 v v v v v v
Annual discount rate for costs

v v v v v v
and QALYs = 1.5% ’ * ’ * ’ *

Abbreviations: SoC: standard of care; LY: life year; QALY: quality-adjusted life year; MRD: minimal residual disease; RFS: relapse-free survival; OS: overall survival;
Cl: confidence interval; IP: inpatient; OP: outpatient; Tx: treatment; HSCT: haematopoietic stem cell transplantation; HRU: healthcare resource use.

Company evidence submission template for blinatumomab for acute lymphoblastic leukaemia for people with minimal residual
disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 172 of 285




B.3.10.10 PSA results

The results generated by the PSA were compared with the results generated by the base-case to
ensure that the mean costs, QALYs, and ICER generated by the PSA were similar to those
generated by the model. The percent differences in the LYs, QALYs, and costs generated by the
PSA versus the deterministic base-case results are shown in Table 66. The differences between

the PSA and the deterministic base-case results were relatively modest (<5%). The ICER from
the PSA (£29,673) was £1,149 (4.0%) greater than the ICER in the deterministic base-case
(£28,524). These modest differences are not unexpected if costs and QALY's are nonlinear

functions.

Table 66. Percent difference in results from PSA vs. deterministic base-case

Life Years (Not

QALYs (Discounted)
Discounted)

Cost (Discounted) (£)

Blinatumomab -2.33% -2.01% 0.14%
SoC -1.29% -0.84% 0.08%
Incremental -3.77% -3.65% 0.23%

Abbreviations: PSA: probabilistic sensitivity analyses; QALY: quality-adjusted life year; SoC: standard of care.

B.3.10.11 Model inputs

The inputs that are in the base-case of the model were checked against those reported in the
corresponding source documents to ensure consistency. All inputs matched with the values
reported in the source documents (see Table 67).

Table 67. Validation of inputs against external data sources

at First Attendance”

Parameter Source Correct?

Cost per inpatient stay (£) 2015-2016 NHS Reference Costs. Weighted
average of number of stays for codes SA24G, v
SA24H, SA24J

Cost per inpatient day (£) 2015-2016 NHS Reference Costs. Weighted
average of number of stays over length of stay for v
codes SA24G, SA24H, SA24J

Cost per visit to outpatient 2015-2016 NHS Reference Costs. Code SB15Z,

infusion centre (£) “Deliver Subsequent Elements of a v
Chemotherapy Cycle”

Cost per nurse visit (£) 2015-2016 NHS Reference Costs. Code N10AF,
“Specialist Nursing, Cancer Related, Adult, Face 4
to Face”

Total cost of pump per Amgen v

patient (£)

Useful life expectancy of Amgen v

pump (years)

CSF prophylaxis dosage BLAST CSR v

Cost of CSF prophylaxis eMit, 2015 v

drugs

CSF prophylaxis 2015-2016 NHS Reference Costs. Code SB13Z,

administration cost “Deliver More Complex Parenteral Chemotherapy v
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SoC maintenance UKALL14: A randomized trial for adults with

chemotherapy dosage newly diagnosed acute lymphoblastic leukaemia. v
NCT01085617
Cost of SoC maintenance eMit, 2015; Medicines Complete (BNF) v
chemotherapy medication
SoC maintenance 2015-2016 NHS Reference Costs. Code SB14Z,
chemotherapy “Deliver Complex Chemotherapy, included
administration costs Prolonged Infusional Treatment, at First v
Attendance” and Code SB13Z, “Deliver More
Complex Parenteral Chemotherapy at First
Attendance”
Probability of receiving Gokbuget N, Kelsh M, Chia V, et al.
HSCT post-relapse Blinatumomab vs historical standard therapy of v
adult relapsed/refractory acute lymphoblastic
leukemia. Blood Cancer J. 2016; 6: e473.
Cost of HSCT Unrelated Donor Stem Cell Transplantation in the
UK. Updated from 2012/13 costs to 2015/16 v
using PSSRU
Cost of cyclosporine Medicines Complete (BNF) v
Cost of salvage TOWER UK NICE Submission v
chemotherapy
Other inpatient stays/days Pilot HRU data v

by MRD response

Other outpatient visits by Pilot HRU data ,
MRD response

Other outpatient visit costs | 2015-2016 NHS Reference Costs. Code WF01A-
303, “Non-Admitted Face to Face Attendance,
Follow-Up, Clinical Haematology”; Code WF01A-
812, “Non-Admitted Face to Face Attendance,
Follow-Up, Diagnostic Imaging”; Code WF01A- v
370, “Non-Admitted Face to Face Attendance,
Follow-Up, Medical Oncology”. PSSRU, 2016
General practioner unit costs per patient contact
lasting 9.22 minutes

Terminal care cost Addicott R, Dewar S. King's Fund. Improving
choice at end of life. A descriptive analysis of the
impact and costs of the Marie Curie delivering
choice programme in Lincolnshire.; Marie Curie 4
Cancer Care. Understanding the cost of end of
life care in different settings.; Adjusted to 2015/16
pounds using PSSRU

Discounted incremental TOWER UK NICE Submission
QALYs for receipt of v
blinatumomab vs. SoC as
salvage therapy

General population utilities Kind P, Hardman G, Macran S. UK Population
Norms for EQ-5D. The University of York Centre v
for Health Economics.

General population Office for National Statistics. England, Interim Life
mortality Tables, 1980-82 to 2013-2015. 2015.

Abbreviations: NHS: National Health Service; CSR: clinical study report; CSF: cerebrospinal fluid; SoC: standard
of care; HSCT: haematopoietic stem cell transplantation; BNF: British National Formulary; HRU: healthcare
resource use; MRD: minimal residual disease; QALY: quality-adjusted life year.

v

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 174 of 285



B.3.10.12 Formatting

The formatting of the input and results cells was checked for consistency with what is described
in the ‘Introduction’ sheet of the model. No errors in formatting were identified.

B.3.10.13 Spell check

A spell check was run on all the sheets to identify any spelling mistakes. No errors were
identified.

B.3.10.14 Discounting

Discounting was applied to life years, QALY's and costs. Discounting was applied on an annual
basis beginning one year after entry into the model. No errors in the calculation of the discount
factor were identified.

B.3.11 Interpretation and conclusions of economic evidence

A Microsoft Excel-based partitioned-survival analysis model was used to evaluate the cost-
effectiveness of blinatumomab versus SoC maintenance therapy in patients with MRD+ B-
precursor ALL in haematological CR using propensity matched data from the BLAST and the
historical control studies (MT103-203 and 20120148, respectively) and other sources. Based on
this model, the ICER for blinatumomab versus SoC was estimated to be £28,524 per QALY
gained. The mean ICER from the PSA (calculated as the ratio of the mean incremental costs to
the mean incremental QALYs) was £29,673 per QALY gained. In the PSA, the probability that
blinatumomab is preferred was estimated to be 85.5% given an ICER threshold of £50,000 per
QALY. The ICER was substantially more favourable (£17,522) in the key scenario analysis
where blinatumomab was considered as a salvage therapy for patients receiving SoC. Although
the cost effectiveness evidence does not consider the Ph+ population or later remission states,
due to the substantial unmet need across all sub-populations blinatumomab should be
considered for use in alignment with its full anticipated marketing authorisation.

These results suggest that the use of blinatumomab in patients with MRD+ B-precursor ALL in
haematological CR is a cost-effective use of healthcare resources given an ICER threshold of
£50,000 per QALY. Furthermore, given that blinatumomab is indicated for a rare condition in a
very small number of patients (85 per year) who have a huge unmet medical need and who
stand to gain substantially from access to blinatumomab, this therapy meets many of the criteria
for appraisal under the HST framework. Consequently, blinatumomab should be evaluated taking
into account a wider range of criteria about the benefits and costs. [key ask]

In conclusion, blinatumomab is a cost-effective, highly innovative and well-tolerated therapy with
demonstrable efficacy to achieve MRD negativity. As the first and only therapy specifically
indicated for MRD+ BCP-ALL, blinatumomab represents a paradigm-shift and potentially curative
treatment for patients with this rare and deadly cancer. As such, we propose that
blinatumomab is recommended for the treatment of MRD+ BCP-ALL in line with its
anticipated licensed indication.
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Appendices

Appendix C Summary of product
characteristics (SmPC) and European public

assessment report (EPAR)

The SmPC for blinatumomab is included in the reference pack supplied with this submission.®

The EPAR is unavailable at the time of this submission; a European marketing authorisation
application for blinatumomab for MRD+ BCP-ALL was submitted in March 2017, and it is
anticipated that the Committee for Medicinal Products for Human Use (CHMP) will adopt a
positive opinion for this MAA in January 2018 for the indication of adults with MRD+ B-precursor
ALL. The EPAR will therefore be available after the marketing authorisation is granted.
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Appendix D Identification, selection and

synthesis of clinical evidence

Systematic Literature Review

A comprehensive systematic literature review (SLR) was conducted on 19" May 2017 to identify
RCTs and observational studies reporting the efficacy and safety of current treatments for adult
patients with MRD+ BCP-ALL. The SLR was conducted in accordance with the requirements of
NICE, Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines and The Cochrane Collaboration.86. 113, 114

Search Strategies

The following databases were searched for published literature on efficacy, safety, humanistic
burden, and economic outcomes for adults with MRD-positivity after treatment:

e MEDLINE In-Process via PubMed

e Embase

e The Cochrane Library

e Central Register of Controlled Trials (CENTRAL)

e Cochrane Database of Systematic Reviews (CDSR)

o Database of Abstracts of Reviews of Effectiveness (DARE)
e NHS Economic Evaluation Database (NHS EED)

e Health Technology Appraisals (HTA)

These databases were searched via the EMBASE®, PubMed, Cochrane Library and York Centre
for Reviews and Dissemination platforms by developing search strategies combining free-text
search terms and controlled vocabulary terms, which are presented in their entirety in Table 68,
Table 69, Table 70 and Table 71, respectively. These strategies were also used to identify
relevant studies for the cost-effectiveness, HRQoL, and cost and healthcare resource use SLRs.

Table 68. PubMed Search Algorithm
# Search Terms Yields

1 "Precursor Cell Lymphoblastic Leukemia-Lymphoma"[Mesh] OR "acute 45,725
lymphoblastic leukemia" OR "acute lymphoblastic leukaemia" OR "acute
lymphocytic leukemia" OR "acute lymphocytic leukaemia" OR
((lymphocyt*[TIAB] OR lymphoblast*[TIAB] OR lymphat*[TIAB] OR
lymphoid*[TIAB]) AND (leukemi*[TIAB] OR leukaemi*[TIAB]) AND

acute[TIAB])

2 "minimal residual disease" OR "minimal residual disease positive" OR 6,515
MRD OR "residual malignant cells" OR "low-level disease"

3 #1 AND #2 1,761

4 pediatric[tiab] OR paediatric[tiab] OR children[tiab] OR childhood[tiab] OR 1,543,708
child[tiab] OR adolescent[tiab] OR toddler[tiab] OR infant[tiab] OR
newborn[tiab] OR kid][tiab]

5 #3 NOT #4 830
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9

#5 limit to humans
#6 limit to articles published in English

"case reports"[ptyp] OR review[ptyp] OR editorial[ptyp] OR news|[ptyp] OR
letter[ptyp]
#7 NOT #8

Source: Clinical SLR Protocol''®

Table 69. Embase Search Algorithm

#
1

7
8
9
10
11

Search Terms

'acute lymphoblastic leukemia'/exp OR 'acute lymphoblastic leukemia’
OR

'acute lymphocytic leukemia'/exp OR 'acute lymphocytic leukemia'

((lymphocyt* OR lymphoblast* OR lymphat* OR lymphoid*) NEAR/1
(leukemi* OR leukaemi*)):ab,ti AND (acute NEAR/3 (lymphocyt* OR
lymphoblast* OR lymphat* OR lymphoid*)):ab,ti

#1 OR #2

'minimal residual disease' OR 'minimal residual disease positive' OR
MRD OR 'residual malignant cells' OR 'low-level disease'

#3 AND #4

pediatric:ab,ti OR paediatric:ab,ti OR children:ab,ti OR childhood:ab,ti OR
child:ab,ti OR adolescent:ab,ti OR toddler:ab,ti OR infant:ab,ti OR
newborn:ab,ti OR kid:abti

#5 NOT #6

#7 limit to humans

#8 limit to articles published in English
#9 limited to articles and articles in press
#10 NOT 'case report'/de

Source: Clinical SLR Protocol''®

Table 70. Cochrane Library Search Algorithm

#
1

2

7

Search Terms

MeSH descriptor: [Precursor Cell Lymphoblastic Leukemia-Lymphomal
explode all trees

"acute lymphoblastic leukemia" or "acute lymphoblastic leukaemia" or
"acute lymphocytic leukemia" or "acute lymphocytic leukaemia" or
((lymphocyt* or lymphoblast* or lymphat* or lymphoid*) and (leukemi* or
leukaemi*) and acute) [Search all fields; word variations have been
searched]

#1 OR #2

"minimal residual disease" OR "minimal residual disease positive" OR
MRD OR "residual malignant cells" OR "low-level disease" [Search all
fields; word variations have been searched]

#3 and #4

pediatric or paediatric or children or childhood or child or adolescent or
toddler or infant or newborn or kid:ti,ab,kw [Word variations have been
searched]

#5 not #6

Source: Clinical SLR Protocol''®
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3,711
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632
551

Yields
857
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882

172
199,469
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Table 71. York Centre for Reviews and Dissemination Search Algorithm
# Search Terms Yields

1 “acute lymphoblastic leukemia” [Any field] AND (cost or economic) [Any 14
field]
In addition, unpublished “grey literature”, i.e. publicly available data that are not published in a
peer-reviewed journal, was also searched. Studies must have been published in English, but
there were no geographic or temporal limits on inclusion. Searches of conference proceedings,
limited to conferences from the past three years or three editions, were performed for the
following:

e ASBMT — American Society for Blood and Marrow Transplantation

e ASCO - American Society of Clinical Oncology

e ASH - American Society of Hematology

e ECCO/ESMO - European Cancer Organisation/European Society for Medical Oncology
e EHA - European Hematology Association

e [SPOR — International Society for Pharmacoeconomics and Outcomes Research

e Additionally, the search was supplemented with unpublished Amgen studies considered
relevant to the decision problem

Study Selection

Articles identified through the electronic database searches and hand searches were screened
using a two-level selection and evaluation process. In the first level of review, the pre-defined
inclusion and exclusion criteria were used to evaluate the titles/abstracts of records identified
from the searches. Full-text articles were then retrieved and reviewed for abstracts that were
deemed relevant during the first level of review. During the review process, records were
screened by two independent reviewers and a third, senior reviewer reconciled any
discrepancies between the screening results. Table 72 summarises the eligibility criteria used in
the study selection process for the clinical studies.

Table 72. Eligibility criteria used in the study selection process across the clinical
efficacy/safety SLR

Inclusion Criteria Exclusion Criteria
Population Adult ALL patients with MRD e Paediatric patients
positivity' after treatment’ o MRD- ALL patients
Intervention/Comparator | Any interventional therapies None
Outcomes Clinical effectiveness and safety’ | Non-clinical outcomes, such as
e OS those in pharmacodynamics or in

e RFS vitro studies

e Event-free survival
¢ MRD complete response rate
e Duration of MRD response

e Duration of haematologic
response

e Rate of transplant
e Mortality following transplant
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e Treatment-related mortality

e Serious adverse events

e Grade 3 or 4 adverse events
(list to be determined based
on the most commonly
reported)

e Discontinuations due to
adverse events

¢ PROs
Study Design e RCTs of at least 10 patients e Case studies and studies
per arm evaluating fewer than 10
e Single-arm clinical trials of at patients
least 10 patients e Letters, narrative reviews,
¢ Prospective and retrospective expert opinions, etc.

observational studies of at
least 10 patients

Footnotes: Definition of MRD was captured as reported by each study author. It is noted that a number of different
technologies are available to measure MRD, with varying specificity and sensitivity. The most common methods
include: multicolour flow cytometry to detect abnormal immunophenotypes, with a sensitivity of 10 to 10 for 3 to
4 colour flow cytometry and 10 to 10 for 6 to 9 color flow cytometry; RT-gPCR assays to detect clonal
rearrangements in immunoglobulin (Ig) heavy chain genes, and/or TCR genes, with a sensitivity of 10 to 10-%; RT-
gPCR assays to detect fusion genes (e.g., BCR-ABL), with a sensitivity of 10 to 10°. iFor inclusion, studies must
have involved adult ALL patients who are MRD+ after treatment; data for MRD- populations was extracted from
any comparative studies that presented data for both groups. iObservational studies only. iObservational and
interventional studies.

Abbreviations: SLR: systematic literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual
disease; HRQoL.: health-related quality of life; PRO: patient-reported outcome; OS: overall survival; RFS: relapse-
free survival; RCT: randomised clinical trial.

Other limits and considerations applied during study selection and review are provided in Table
73.

Table 73. Other limits/considerations used in the study selection process across the
clinical efficacy/safety SLR

Limits/considerations

Subgroups Data for the following subgroups were of interest and were extracted if reported
of interest in studies included in the SLR:

e CR1 ALL patients who achieved haematological complete remission after
front line treatment and are MRD+

e CR2+ ALL patients who achieved haematological complete remission after
salvage treatment and are MRD+

Timeframe The following temporal limits were applied:
o Literature databases & registries: No date restrictions
o Grey literature & scientific meetings: Past 3 editions or past 3 years

Setting Articles in English were included with no limits applied to the geographic
location or setting in which the study was conducted. As blinatumomab is the
only treatment within this indication, no other studies were available that would
not have been captured within this study setting.

Abbreviations: SLR: systematic literature review; CR: complete remission; MRD: minimal residual disease.
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Flow diagram for clinical studies

The following PRISMA diagram, presented in Figure 46, shows the SLR process including the
total number of records identified in the searches, and the reasons for study exclusion for clinical
studies. A complete list of excluded publications is provided in Appendix M.
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Figure 46. PRISMA diagram for clinical SLR

Records identified through database searching
(n=1,013)
MEDLINE via PubMed (n=404)
EMBASE (n=551)
Cochrane Database (n=44)
York Centre for Reviews and Dissemination (n=14)

Identification

Duplicates removed
(n=307)

Screening

Records excluded
(n=593)

References subjected to title and abstract screening
(n=706)

Full-text articles excluded (n=110)
Reasons for exclusion:
. Less than 10 patients/case report (n=13)
. Narrative review, letter, expert opinion,
etc. (n=4)
No outcomes of interest (n=16)
Outcomes not separable for population of
interest (n=33)
Population not of interest (n=41)
. Study does not evaluate a treatment of
interest (n=3)

K——

Full-text articles assessed for eligibility (n=113)

1 1

—

Met eligibility criteria (n=3)

Eligibility

Additional records identified through
grey literature searches: (n=251)
Included: (n=2)

. Excluded: (n=249)

©
(5]
=] Articles included in the SLR (n=5)
s
1=
O
= Articles reporting on clinical effectiveness and safety
o (n=5)
O
—
S
o

Abbreviations: PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SLR: systematic
literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual disease.
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The SLR identified 3 relevant studies, which are discussed in more detail in Section B.2.2.
PRISMA diagrams for the cost-effectiveness, HRQoL, and cost and healthcare resource use
SLRs are included in Appendix G, Appendix H, and Appendix |, respectively.

Quality Assessment

Full quality assessments of the 3 relevant studies are included below in Table 74.
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Table 74. ROBINS-I Risk of Bias Assessment

the effect of intervention in this study?
If N/PN to 1.1: the study can be
considered to be at low risk of bias due
to confounding and no further signalling
questions need be considered

single treatment

single treatment

Signalling questions Response Response
options Pilot study (MT103-202) [BLAST (MT103-203) Historical Comparator
(20120148)
BIAS DUE TO CONFOUNDING
1.1 Is there potential for confounding of Y/PY/PN/N N — the study evaluates a |N — the study evaluates a N — the study does not

compare treatments

If Y/PY to 1.1: determine whether there is a

need to assess time-varying confounding:

1.2. Was the analysis based on splitting
participants’ follow up time according to
intervention received?

If N/PN, answer questions relating to
baseline confounding (1.4 to 1.6)

If YIPY, go to question 1.3.

NA/Y/PY/PN/ | NA
N /NI

NA

NA

1.3. Were intervention discontinuations
or switches likely to be related to factors
that are prognostic for the outcome?

If N/PN, answer questions relating to
baseline confounding (1.4 to 1.6)

If YIPY, answer questions relating to both
baseline and time-varying confounding
(1.7 and 1.8)

NA/Y/PY/PN/
N / NI

NA

NA

NA

Questions relating to baseline confounding only:

1.4. Did the authors use an appropriate
analysis method that controlled for all the
important confounding domains?

NA/Y /PY/PN/
N /NI

NA

NA

NA
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1.5. If YIPY to 1.4: Were confounding NA/Y/PY/PN/ | NA NA NA
domains that were controlled for N /NI
measured validly and reliably by the
variables available in this study?
1.6. Did the authors control for any post- | NA/Y /PY/PN/ | NA NA NA
intervention variables that could have N /NI
been affected by the intervention?
Questions relating to baseline and time-varying confounding:
1.7. Did the authors use an appropriate NA/Y/PY/PN/ | NA INA INA
analysis method that controlled for all the | N/ NI
important confounding domains and for
time-varying confounding?
1.8. If Y/PY to 1.7: Were confounding NA/Y/PY/PN/ | NA NA NA
domains that were controlled for N /NI
measured validly and reliably by the
variables available in this study?
RISK OF BIAS JUDGEMENT LOW / LOW LOW LOW
MODERATE /
SERIOUS /
CRITICAL / NI

BIAS IN SELECTION OF PARTICIPANTS INTO THE STUDY

2.1. Was selection of participants into the
study (or into the analysis) based on
participant characteristics observed after
the start of intervention?

Y/PY/PN/N/
NI

N- patients were selected
for inclusion prior to
receiving study treatment

N- patients were selected for
inclusion prior to receiving
study treatment

Yes — patients were

cohorts.

If N/PN to 2.1: go to 2.4

2.2. If YIPY to 2.1: Were the post-
intervention variables that influenced
selection likely to be associated with
intervention?

NA/Y/PY/PN/
N / NI

NA

NA

2.3 If YIPY to 2.2: Were the post-
intervention variables that influenced

NA/Y/PY/PN/
N / NI

NA

NA

NA
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selection likely to be influenced by the
outcome or a cause of the outcome?

intended intervention beyond what would
be expected in usual practice?

NI

2.4. Do start of follow-up and start of Y/PY/PN/N/ |Y Y NA
intervention coincide for most NI
participants?
2.5 If YIPY to 2.2 and 2.3, or N/PNto 2.4: [ NA/Y/PY/PN/ [ NA NA NA
Were adjustment techniques used that N /NI
are likely to correct for the presence of
selection biases?
RISK OF BIAS JUDGEMENT LOW / LOW LOW LOW
MODERATE /
SERIOUS /
CRITICAL / NI
BIAS IN CLASSIFICATION OF INTERVENTIONS
3.1 Were intervention groups clearly Y/PY/PN/N/ |Y Y INA (retrospective non-
defined? NI interventional cohort study)
3.2 Was the information used to define Y/PY/PN/N/ |Y Y NA
intervention groups recorded at the start | NI
of the intervention?
3.3 Could classification of intervention Y/PY/PN/N/ [N N NA
status have been affected by knowledge | NI
of the outcome or risk of the outcome?
RISK OF BIAS JUDGEMENT LOW / LOW LOW LOW
MODERATE /
SERIOUS /
CRITICAL / NI
BIAS DUE TO DEVIATIONS FROM INTENDED INTERVENTIONS
If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2
4.1. Were there deviations from the Y/PY/PN/N/ [N N INA
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4.2. If YIPY to 4.1: Were these deviations | NA/Y /PY/PN/ | NA NA NA
from intended intervention unbalanced N /NI
between groups and likely to have
affected the outcome?
If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions Y/PY/PN/N/ | NA INA INA
balanced across intervention groups? NI
4.4. Was the intervention implemented Y/PY/PN/N/ | NA NA INA
successfully for most participants? NI
4.5. Did study participants adhere to the Y/PY/PN/N/ | NA INA INA
assigned intervention regimen? NI
4.6. If N/PN to 4.3, 4.4 or 4.5: Was an NA/Y/PY/PN/ | NA NA INA
appropriate analysis used to estimate the | N /NI
effect of starting and adhering to the
intervention?
RISK OF BIAS JUDGEMENT LOW / NI NI NI
MODERATE /
SERIOUS /
CRITICAL / NI
BIAS DUE TO MISSING DATA
5.1 Were outcome data available for all, Y/PY/PN/N/ |Y Y Y
or nearly all, participants? NI
5.2 Were participants excluded due to Y/PY/PN/N/ | N N Y (missing baseline MRD
missing data on intervention status? NI status for some patients)
5.3 Were participants excluded due to Y/PY/PN/N/ | N N N
missing data on other variables needed NI
for the analysis?
5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Y/PY/PN/N/ | NA NA NA
Are the proportion of participants and NI
reasons for missing data similar across
interventions?
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intervention-outcome relationship?

NI

5.5If PN/N to 5.1, or Y/IPYto 5.20r5.3:Is | Y/PY/PN/N/ | NA NA NA
there evidence that results were robust to | NI
the presence of missing data?
RISK OF BIAS JUDGEMENT LOW / LOW LOW LOW
MODERATE /
SERIOUS /
CRITICAL / NI
BIAS IN MEASUREMENT OF OUTCOMES
6.1 Could the outcome measure have Y/PY/PN/N/ | N N N
been influenced by knowledge of the NI
intervention received?
6.2 Were outcome assessors aware ofthe | Y/ PY/PN/N/ [Y Y Y
intervention received by study NI
participants?
6.3 Were the methods of outcome Y/PY/PN/N/ | NA INA N
assessment comparable across NI
intervention groups?
6.4 Were any systematic errors in Y/PY/PN/N/ | NA NA N
measurement of the outcome related to NI
intervention received?
RISK OF BIAS JUDGEMENT LOW / LOW LOW LOW
MODERATE /
SERIOUS /
CRITICAL / NI
BIAS IN SELECTION OF THE REPORTED RESULT
Is the reported effect estimate likely to be selected, on the basis of the results, from...
7.1. ... multiple outcome measurements Y/PY/PN/N/ | N N N
within the outcome domain? NI
7.2 ... multiple analyses of the Y/PY/PN/N/ [N N N
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7.3 ... different subgroups? Y/PY/PN/N/ [N N N
NI

RISK OF BIAS JUDGEMENT LOW/ LOW LOW LOW
MODERATE /
SERIOUS /

CRITICAL / NI

OVERALL RISK OF BIAS JUDGEMENT LOW / LOW LOW LOW
MODERATE /
SERIOUS /

CRITICAL / NI

Abbreviations: ROBINS-I: Risk Of Bias In Non-randomized Studies — of Interventions.

Company evidence submission template for blinatumomab for acute lymphoblastic leukaemia for people with minimal residual disease activity
in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 195 of 285



Participant flow

Diagrams of the primary endpoint analysis sets and key secondary endpoint analysis sets are
presented in Figure 47 and Figure 48, respectively. In total, 211 patients were enrolled (i.e.
screened), of which 116 patients received at least 1 infusion of blinatumomab and were therefore
included in the FAS. Overall, 113 patients (97.4%; 113/116) were included in the primary
analysis, while 74 patients (63.8%; 74/116) were included in the HSCT Secondary Efficacy Full
Analysis Set (HSCT Sec EP FAS).

Eighty-three patients (71.6%; 83/116) completed the core study. Reasons for not completing the
core study included adverse events (17.2%; 20/116), disease relapse (8.6%; 10/116), physician
decision (1.7%; 2/116), and “other” reason (0.9%, 1/116). Of the patients who ended the core
study, the median duration of the core study was 2.7 months (range: 0 to 7 months). At the time
of the data cut-off, 53.4% (62/116) of patients are continuing the study (i.e. participating in the
survival follow-up) and 46.6% (54/116) of patients ended the study. Of the patients who ended
the study, 45.7% (53/116) had died, and 0.9% (1/116) withdrew. The median total time on the
study for all 116 patients was 18.3 months (range: 1 to 54 months).

Figure 47. BLAST primary endpoint analysis sets

Full Analysis Set (FAS)

N =116
\ 4
3 patients excluded from the Prim PrimEP FAS
EP FAS
* No MRD assay results (n=1)a N =113
* MRD assay <5x 10+ (n=2)b
\4 \ 4
10 patients excluded from the Prim Primary EP Efficacy Set
Efficacy Set
* 10% blasts at screening (n=1)¢ N =103
* MRD <1x 103 (n=3)
* MRD < LLOQ (n=5)
* Unknown (n=2)a
\ 4 \ 4
6 patients excluded from the Prim Primary Endpoint PPS
EP PPS
* Major protocol deviations (n=6)d N =98

Footnotes: 2Patient 1311-004, *Patient 1301-002 and Patient 1407-005, cPatient 1018-002, 9Patient 1303-005
was already excluded from the Prim Efficacy FAS (MRD < LLOQ).

Abbreviations: Prim EP FAS: Primary efficacy endpoint FAS; MRD: Minimal Residual Disease; Prim EP PPS:
Primary efficacy endpoint per protocol set.

Source: BLAST Key Secondary Analysis CSR Figure 9-1%
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Figure 48. BLAST key secondary endpoint analysis sets
Full Analysis Set (FAS)

N =116
\ 4 v
6 patients excluded from the Key Key Secondary EP FAS
SecEP FAS
* Philadelphia-positive patients N =110
(n=5)2
* MRD assay <5x 104 (n=1)b
\ 4 \ 4
14 patients excluded from the Key Key Secondary EP PPS
SecEP FAS
» Meeting exclusion criteria 7 (n=1)c N =96
* Prohibited anti-tumour therapy

(n=8)¢

* Prohibited anti-tumour therapy
AND prohibited chronic systemic
high-dose corticosteroid therapy
(n=1)°

* Prohibited chronic systemic high-
dose corticosteroid therapy (n=4)f

Footnotes: ?Patients 1015-002, 1016-008, 1202-005 and 1501-002 (Patients 1303-005 and 1015-002 also met
exclusion criteria 7, and Patient 1501-002 also had prohibited anti-tumour therapy and tyrosine kinase inhibitors);
bPatient 1018-002; cPatient 1001-008; Patients 1002-003, 1016-004, 1201-003, 1201-003, 1201-003, 1201-005,
1302-001, 1501-003, 2101-001, and 2106-001; ¢Patient 1210-002; fPatients 1002-001, 1012-007, 1022-004, and
1607-001.

Abbreviations: Key Secondary EP FAS: key secondary efficacy endpoint FAS; MRD: Minimal Residual Disease;
Key Secondary EP PPS: key secondary efficacy endpoint per protocol set.

Source: BLAST Key Secondary Analysis CSR Figure 9-2%
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Appendix E Subgroup analysis

Results of the prespecified subgroup analyses for baseline variables, as listed in Table 26, are
provided in this section for the primary outcome (MRD CR within 1 cycle), key secondary
outcome (haematological RFS rate), other secondary outcomes (OS, TTHR), and HSCT status.

Effect of baseline variables on complete MRD response within 1 cycle

None of the subgroups tested were determined to have a statistically significant effect on
complete MRD response, demonstrating the robust treatment effect provided by blinatumomab,
even across older patients and those with a high level of MRD; both populations which currently
have limited treatment options.

Effect of baseline variables on RFS

Only relapse history was considered to have a statistically significant effect on RFS (P = 0.0044),
as presented in Table 75. Patients who were in the first CR at the time of start of treatment with
blinatumomab had a significantly longer median RFS (24.6 months) than patients who were in
second or third CR (11.0 months). Additionally, the 18 months KM estimate was higher for
patients in the first CR compared with patients in the second or third CR (62% versus 34 %,
respectively). Patients in the second or third CR who have not yet relapsed or died at a given
time point had a more than 2-fold higher chance of having haematologic relapse or death at the
next time point compared with patients in the first CR (HR: 2.09, 95% CI: 1.26, 3.48).

Table 75. Effect of relapse history on RFS

Relapse Events?/ Median 18 months Hazard ratio® P-value
history patients (months) KM estimate (95% Cl)

Patients in

15t CR 36/75 24.6 0.62 Reference

Patients in 0.0044
27 and 3 26/35 11.0 0.34 2.09 (1.26, 3.48)

CR

Footnotes: 2Events are relapses, secondary leukaemia and deaths; PThe hazard and hazard ratio estimates are
obtained from the Cox Proportional Hazard Model. A hazard ratio < 1.0 indicates a lower average event rate and
a longer RFS compared to the reference group.

Abbreviations: RFS: Relapse-Free Survival; Cl: Confidence Interval; CR: Complete Remission.

Source: BLAST Key Secondary Analysis CSR Table 14-4.2.4%

Effect of baseline variables on OS

Only the Philadelphia status of the disease (Ph— disease or Ph+ disease) was considered to
have a statistically significant effect on OS (P = 0.017), as presented in Table 76. Patients with
Ph- disease had a significantly longer median OS (36.5 months versus 7.2 months) and 18
months KM estimate (67% versus 20%) than Ph+ patients. Patients with Ph+ disease who had
not yet died by a given time had more than 3 times the chance of death at the next time point
compared with Ph- patients (HR: 3.51, 95% ClI: 1.26, 9.83). However, only 5 Ph+ patients were
enrolled in the study, compared with 111 Ph— patients, and all 5 Ph+ patients were in CR 2 or CR
3 rather than CR 1 therefore the interpretation of this subgroup analysis should be treated with
caution.
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Table 76. Effect of Philadelphia status on OS

Philadelphia Events?/ Median 18 months Hazard ratio® P-value
status patients (months) KM estimate (95% Cl)

Positive 4/5 7.2 0.20 3.51 (1.26, 9.83) 0.017
Negative 49/111 36.5 0.67 Reference '

Footnotes: 2Events are deaths; "The hazard and hazard ratio estimates are obtained from the Cox Proportional
Hazard Model. A hazard ratio < 1.0 indicates a lower average event rate and a longer OS compared to the reference
group.

Abbreviations: OS: Overall survival; KM: Kaplan-Meier; Cl: Confidence Interval.

Source: BLAST Key Secondary Analysis CSR Table 14-4.3.4%

Effect of baseline variables on TTHR

Only relapse history was considered to have a statistically significant effect on TTHR (P =
0.0031), as presented in Table 77. Patients who were in the first CR at the time of start of
treatment with blinatumomab had a longer median time to relapse (not estimable versus 15.0
months) and 18 months KM estimate (76% versus 48%) than patients in second or third CR.
Patients in the second or third CR who have not yet relapsed at a given time point were at a 2.6-
fold higher chance of haematologic relapse at the next time point compared with patients in first
CR (HR: 2.60, 95% CI: 1.38, 4.89).

Table 77. Effect of relapse history on TTHR

Relapse Events?/ Median 18 months Hazard ratio® P-value
history patients (months) KM estimate (95% CI)

Patients in

15t CR 30/75 36.5 0.69 Reference

Patients in 0.087
27d and 3 23/41 19.1 0.56 1.61(0.93, 2.77)

CR

Footnotes: ?Events are relapses and secondary leukaemia; ®The hazard and hazard ratio estimates are obtained
from the Cox Proportional Hazard Model. A hazard ratio < 1.0 indicates a lower average event rate and a longer
time to relapse compared to the reference group.

Abbreviations: TTHR: time to haematological relapse; KM: Kaplan-Meier; Cl: Confidence Interval; CR: Complete
remission.

Source: BLAST Key Secondary Analysis CSR Table 14-4.4.4%

Effect of baseline variables on HSCT

Baseline disease characteristics, broken out by whether the patients received HSCT, are
presented in Table 78. More patients who received HSCT before relapse or never relapsed
(72.4% [55/76]) or who did not receive HSCT (61.5% [16/26]) were in the first CR compared with
patients who received HSCT after relapse (28.6% [4/14]). Similarly, fewer patients who received
HSCT before relapse or never relapsed (11.8% [9/76]) or did not receive HSCT (11.5% [3/26])
had a > 30,000/mm?3 WBC count at first diagnosis.

Table 78. Effect of baseline variables on HSCT

Baseline variables

Patients who
received HSCT
before relapse or
never relapsed
(N =76)

Patients who
received HSCT
after relapse
(N=14)

Patients who did
not receive HSCT
(N = 26)
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Relapse history
1t CR 55 (72.4) 4 (28.6) 16 (61.5)
2nd CR 21 (27.6) 10 (71.4) 8 (30.8)
3rd CR 0 (0.0) 0(0.0) 2(7.7)

WBC at first

diagnosis
<30,000/mm?3 51 (67.1) 6 (42.9) 21 (80.8)
>30,000/mm?3 9(11.8) 6 (42.9) 3(11.5)
Unknown 16 (21.1) 2(14.3) 2(7.7)

Abbreviations: HSCT: haematopoietic stem cell transplant; CR: Complete response; WBC: white blood cell.

Source: BLAST Key Secondary Analysis CSR Table 14-4.7.4%
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Appendix F Adverse reactions

No additional data or studies reporting adverse reactions were identified.
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Appendix G Published cost-effectiveness

studies

A single systematic literature review was performed to identify the available evidence on
treatment patterns, humanistic and economic burden, clinical and HRQoL outcomes, and
economic evidence relating to the treatment of adults with MRD+ BCP-ALL. The methodology of
this SLR is described in detail in Appendix D.

Study Selection

Study selection was performed as described in Appendix D. Table 79 summarises the eligibility
criteria used in the study selection process for the economic studies.

Table 79. Eligibility criteria used in the study selection process in the economic SLR

Inclusion Criteria Exclusion Criteria
Population Adult ALL patients with MRD- e Paediatric patients
positivity' after treatment’ o MRD- ALL patients
Intervention/Comparator | Any interventional therapies None
Outcomes Cost effectiveness Non-economic outcomes

e Measures of cost
effectiveness (e.g. costs per
QALY)V

Study Design e Economic analyses and HTA | Non-economic study designs
reports

Footnotes: Definition of MRD was captured as reported by each study author. It is noted that a number of different
technologies are available to measure MRD, with varying specificity and sensitivity. The most common methods
include: multicolour flow cytometry to detect abnormal immunophenotypes, with a sensitivity of 10-3 to 10 for 3 to
4 colour flow cytometry and 10 to 10 for 6 to 9 color flow cytometry; RT-gPCR assays to detect clonal
rearrangements in immunoglobulin (Ig) heavy chain genes, and/or TCR genes, with a sensitivity of 10 to 10%; RT-
gPCR assays to detect fusion genes (e.g., BCR-ABL), with a sensitivity of 10 to 10°. iIFor inclusion, studies must
have involved adult ALL patients who are MRD+ after treatment; data for MRD- populations was extracted from
any comparative studies that presented data for both groups. iObservational studies only. YObservational and
interventional studies. VEconomic analyses.

Abbreviations: SLR: systematic literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual
disease; HCRU: healthcare resource utilisation; QALY: quality-adjusted life year; HTA: health technology
assessment.

Flow diagram for cost-effectiveness studies

The following PRISMA diagram, presented in Figure 49, shows the SLR process including the
total number of records identified in the searches, and the reasons for study exclusion for cost
effectiveness studies. A complete list of excluded publications is provided in Appendix M. No
studies providing cost effectiveness evidence were identified in the SLR.
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Figure 49. PRISMA diagram for cost effectiveness studies
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Abbreviations: PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SLR: systematic
literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual disease.
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Appendix H Health-related quality-of-life studies

A single systematic literature review was performed to identify the available evidence on
treatment patterns, humanistic and economic burden, clinical and HRQoL outcomes, and
economic evidence relating to the treatment of adults with MRD+ BCP-ALL. The methodology of
this SLR is described in detail in Appendix D.

Study Selection

Study selection was performed as described in Appendix D. Table 80 summarises the eligibility
criteria used in the study selection process for the HRQoL studies.

Table 80. Eligibility criteria used in the study selection process in the HRQoL SLR

Inclusion Criteria Exclusion Criteria
Population Adult ALL patients with MRD- e Paediatric patients
positivity' after treatment’ ¢ MRD- ALL patients
Intervention/Comparator | Any interventional therapies None
Outcomes Validated measures of HRQoL Non-HRQoL outcomes
Study Design e RCTs of at least 10 patients e Case studies and studies
per arm evaluating fewer than 10
e Single-arm clinical trials of at patients
least 10 patients e Letters, narrative reviews,
¢ Prospective and retrospective expert opinions, etc.
observational studies of at
least 10 patients

Footnotes: ‘Definition of MRD was captured as reported by each study author. It is noted that a number of different
technologies are available to measure MRD, with varying specificity and sensitivity. The most common methods
include: multicolour flow cytometry to detect abnormal immunophenotypes, with a sensitivity of 10-3 to 10 for 3 to
4 colour flow cytometry and 10 to 10 for 6 to 9 color flow cytometry; RT-gPCR assays to detect clonal
rearrangements in immunoglobulin (Ig) heavy chain genes, and/or TCR genes, with a sensitivity of 10 to 10-%; RT-
gPCR assays to detect fusion genes (e.g., BCR-ABL), with a sensitivity of 10 to 10®. iFor inclusion, studies must
have involved adult ALL patients who are MRD+ after treatment; data for MRD- populations was extracted from
any comparative studies that presented data for both groups. "Observational studies only.

Abbreviations: SLR: systematic literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual
disease; HRQoL: health-related quality of life; RCT: randomised clinical trial.

Flow diagram for health-related quality of life studies

The following PRISMA diagram, presented in Figure 50, shows the SLR process including the
total number of records identified in the searches, and the reasons for study exclusion for health-
related quality of life studies. A complete list of excluded publications is provided in Appendix M.
No studies providing health-related quality of life evidence were identified in the SLR.
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Figure 50. PRISMA diagram for health-related quality of life studies
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Abbreviations: PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SLR: systematic
literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual disease.
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Appendix | Cost and healthcare resource
identification, measurement and valuation

A single systematic literature review was performed to identify the available evidence on
treatment patterns, humanistic and economic burden, clinical and HRQoL outcomes, and
economic evidence relating to the treatment of adults with MRD+ BCP-ALL. The methodology of
this SLR is described in detail in Appendix D.

Study Selection

Study selection was performed as described in Appendix D. Table 81 summarises the eligibility
criteria used in the study selection process for the costs and healthcare resource use studies.

Table 81. Eligibility criteria used in the study selection process in the costs and
healthcare resource use SLR

Inclusion Criteria Exclusion Criteria

Population Adult ALL patients with MRD- e Paediatric patients

positivity' after treatment" ¢ MRD- ALL patients
Intervention/Comparator | Any interventional therapies None
Outcomes Economic burden Non-economic outcomes

e Costs (direct and indirect)"

e HCRU'
Study Design e Economic analyses and HTA | Non-economic study designs

reports

Footnotes: ‘Definition of MRD was captured as reported by each study author. It is noted that a number of different
technologies are available to measure MRD, with varying specificity and sensitivity. The most common methods
include: multicolour flow cytometry to detect abnormal immunophenotypes, with a sensitivity of 103 to 10 for 3 to
4 colour flow cytometry and 10 to 10 for 6 to 9 color flow cytometry; RT-gPCR assays to detect clonal
rearrangements in immunoglobulin (Ig) heavy chain genes, and/or TCR genes, with a sensitivity of 10 to 10%; RT-
gPCR assays to detect fusion genes (e.g., BCR-ABL), with a sensitivity of 10 to 10. iFor inclusion, studies must
have involved adult ALL patients who are MRD+ after treatment; data for MRD- populations was extracted from
any comparative studies that presented data for both groups. "Observational studies only.

Abbreviations: SLR: systematic literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual
disease; HCRU: healthcare resource utilisation; HTA: health technology assessment.

Flow diagram for cost and healthcare resource use studies

The following PRISMA diagram, presented in Figure 51, shows the SLR process including the
total number of records identified in the searches, and the reasons for study exclusion for cost
and healthcare resource use studies. A complete list of excluded publications is provided in
Appendix M. No studies providing cost and healthcare resource use evidence were identified in
the SLR.
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Figure 51.
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Abbreviations: PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SLR: systematic

literature review; ALL: acute lymphoblastic leukaemia; MRD: minimal residual disease.
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Appendix J Clinical outcomes and

disaggregated results from the model

a. Clinical outcomes from the model

The main clinical outcomes generated by the model are RFS and OS. Estimates of RFS and OS
from the model are compared with K-M estimates of RFS and OS from BLAST and the historical
control study (based on the patients in the propensity matched analysis and using IPTW-ATT
weights for the historical control) in Figure 52 and Table 82. At 53.5 months (the last observed
failure or censoring time in BLAST), the model projections very closely approximate the K-M
survival probabilities for blinatumomab and SoC.

Figure 52. Relapse-free survival and overall survival in the model
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Overall survival

1.00
0.90 -
0.80 -
0.70 -
s Blinatumomab K-M
0.60 -
)
B e | Ky LR SOC K-M
A T L T
'§ ..................
% 0.40 -
s [ Y Blinatumomab Model
Projection
0.30 -
SOC Model Projection
0.20 -
0.10 -
0.00 - T T T 1 J
0 24 48 72 96 120 144
Months

Footnotes: Model time horizon is 50 years in base-case.
Abbreviations: K-M: Kaplan-Meier; SoC: standard of care.

Table 82. Comparison of probabilities of survival in the model and in BLAST at selected
landmarks

Relapse-free survival

Blinatumomab SoC chemotherapy
Historical
Month BLAST Model control Model
6 76.0% 81.4% 52.8% 52.9%
12 69.2% 69.1% 34.4% 35.0%
24 55.7% 55.4% 27.3% 23.0%
53.5 46.6% 43.7% 17.0% 17.7%
Overall survival
Blinatumomab SoC chemotherapy
Historical
Month BLAST Model control Model
6 89.0% 88.4% 83.4% 83.4%
12 79.5% 76.9% 65.3% 66.8%
24 62.8% 63.8% 48.2% 48.0%
53.5 50.9% 52.4% 34.0% 31.6%

Abbreviations: SoC: standard of care.

A breakdown of life-years and QALY's by state is shown in Table 83. Blinatumomab yields 3.58
more discounted life-years and 2.95 more discounted QALYs than SoC.

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 209 of 285



Table 83. Base-case effectiveness results

Absolute
Absolute | Incremental
Effectiveness Blinatumomab SoC Incremental | Incremental %
Undiscounted
Life-years
Relapse-free 11.50 5.06 6.43 6.43 112.1
Post-relapse 2.10 2.79 -0.70 0.70 12.1
Total 13.59 7.86 5.74 5.74 100.0
QALYs
Relapse-free 8.99 3.92 5.08 5.08 110.0
Post-relapse 1.55 2.01 -0.46 0.46 10.0
Total 10.54 5.93 4.61 4.61 100.0
Discounted
Life-years
Relapse-free 7.73 3.48 4.25 4.25 118.8
Post-relapse 1.36 2.03 -0.67 0.67 18.8
Total 9.09 5.51 3.58 3.58 100.0
QALYs
Relapse-free 6.11 2.71 3.40 3.40 115.1
Post-relapse 0.99 1.44 -0.45 0.45 15.1
Total 7.10 4.14 2.95 2.95 100.0

Abbreviations: SoC: standard of care; QALY quality-adjusted life year.

Survival traces showing the proportion of patients in each state for blinatumomab and SoC are
shown in Figure 53.
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Figure 53. Survival trace for blinatumomab (top) and SoC (bottom)
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Abbreviations: SoC: standard of care.

Table 84. Landmark RFS and OS for blinatumomab and SoC maintenance therapy from
the model compared with results from IPTW-ATT propensity matched comparison of
BLAST and the historical control study

Month ‘ Blinatumomab SoC
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BLAST Model BLAST Model
RFS
6 76.0% 81.4% 52.8% 52.9%
12 69.2% 69.1% 34.4% 35.0%
24 55.7% 55.4% 27.3% 23.0%
53.5 46.6% 43.7% 17.0% 17.7%
0s
6 89.0% 88.4% 83.4% 83.4%
12 79.5% 76.9% 65.3% 66.8%
24 62.8% 63.8% 48.2% 48.0%
53.5 50.9% 52.4% 34.0% 31.6%

Abbreviations: RFS: relapse-free survival; OS: overall survival, SoC: standard of care; IPTW: inverse probability
of treatment weighting; ATT: average treatment effect on the treated

b. Disaggregated results of the base-case incremental cost-
effectiveness analysis

Base-case results for cost outcomes are shown in Table 85. Medication costs were estimated to
be £83,129 higher with blinatumomab versus SoC. Total treatment costs, including medication,
hospitalisation, outpatient visits, and infusion pump costs were estimated to be £88,788 higher
with blinatumomab. Costs of pre-relapse HSCT were £36,552 higher with blinatumomab than
SoC. Other pre-relapse inpatient costs were estimated to be £11,275 lower with blinatumomab
versus SoC, whereas other pre-relapse outpatient costs were £3,830 higher with blinatumomab
versus SoC. Projected other inpatient costs were higher with SoC because the difference in
estimated inpatient costs for patients with versus without MRD response is sufficiently large to
offset the longer time in RFS among blinatumomab patients. Conversely, for other outpatient
costs, the difference in costs for patients with versus without MRD response was not sufficiently
large to offset the longer time in RFS among blinatumomab patients.

Because fewer patients receiving blinatumomab are projected to relapse, salvage therapy costs
were £9,905 higher with SoC than with blinatumomab. Post-relapse allogeneic HSCT costs were
£9,024 higher with SoC than with blinatumomab. Because post-relapse LYs were projected to be
greater with SoC than with blinatumomab, other post-relapse inpatient costs were £9,306 higher
with SoC than with blinatumomab. Similarly, other post-relapse outpatient costs were £3,576
higher with SoC than with blinatumomab. Total post-relapse costs were £31,811 higher with SoC
than blinatumomab. Because fewer blinatumomab patients are projected to die within 5 years,
terminal care costs were £1,825 higher for SoC than for blinatumomab. Total incremental costs
were £84,259 higher with blinatumomab versus SoC. A waterfall diagram of incremental costs
with blinatumomab versus SoC is shown in Figure 54.
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Table 85. Summary of predicted resource use by category of cost

| Blinatumomab (£) ‘ SoC (£) | Incremental (£) | Absolute incremental (£) ‘ Absolute incremental (%)
Blinatumomab and SoC maintenance treatment
Medication | 84,174 | 1046 | 83120 | 83,129 | 98.7
Administration
Hospitalisation 3,185 N/A 3,185 3,185 3.8
Outpatient visits 3,645 1,354 2,291 2,291 2.7
Infusion pump 182 N/A 182 182 0.2
Total medication administration 91,187 2,399 88,788 88,788 1054
HSCT 75,266 38,714 36,552 36,552 434
Other inpatient, pre-relapse 7,046 18,321 -11,275 11,275 134
Other outpatient, pre-relapse 11,278 7,449 3,830 3,830 4.5
Post-relapse
Salvage therapy 6,450 16,355 -9,905 9,905 11.8
HSCT 7,678 16,701 -9,024 9,024 10.7
Other inpatient 5,276 14,582 -9,306 9,306 11.0
Other outpatient 2,036 5,612 -3,576 3,576 4.2
Total post-relapse 21,439 53,250 -31,811 31,811 37.8
Terminal Care 4,167 5,992 -1,825 1,825 2.2
Total 210,383 126,124 84,259 84,259 100.0

Abbreviations: SoC: standard of care; HSCT: allogeneic haematopoietic stem cell transplant.
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Figure 54. Waterfall diagram of incremental costs with blinatumomab versus SoC
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Abbreviations: SoC: standard of care; allo-SCT: allogeneic haematopoietic stem cell transplantation; IP:

inpatient; OP: outpatient.

Resource utilisation was not explicitly tallied in the model.
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Appendix K Checklist of confidential
information

The checklist of confidential information is included as a separate document alongside this
submission.
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Appendix L Propensity Score Analysis
Methodology and ATE Results

Analysis sets

The Primary Analysis Set for the PS analysis included patients who adhered to the following
criteria:

BLAST (MT103-203) criteria:

e Received any infusion of the investigational drug, blinatumomab

e Philadelphia negative B—precursor ALL in complete haematological remission defined as less
than 5% blasts in bone marrow after at least three intensive chemotherapy blocks

e MRD+ at a level of 21 x 103 (PCR only in BLAST) but otherwise in complete haematological
remission

e Atleast 18 years old at the MRD baseline date
e In their first haematological remission (CR1 only)

Historical comparator study (20120148) criteria:

e Ph-negative B-precursor ALL in complete haematological remission

e MRD+ at a level of 21 x 10 regardless of detection method

e Atleast 18 years old at the MRD baseline date

e Time to relapse greater than 14 days from the date of MRD detection (see explanation below)
e In their first haematological remission (CR1 only)

To correctly compare RFS and OS, a baseline date must be well aligned between the two
populations. Initially two different baseline dates were used in the trials: the date of first
blinatumomab treatment for BLAST patients, and the date of MRD detection for the historical
comparator patients. However, an immortal time bias is introduced by using these dates because
historical comparator patients with a rapid relapse following MRD detection would not have
counterparts in the BLAST study. To better align the populations and reduce bias due to the
definition of MRD baseline date, historical comparator patients were excluded if their time to
relapse was less than 14 days, which is the median time between MRD detection and first
blinatumomab dose for BLAST patients. In addition, the baseline date for historical comparator
patients was set at MRD detection date plus 14 days.

Defining MRD baseline detection date

To correctly compare RFS and OS, a baseline date must be well aligned between the two
populations. Aligning both populations using their MRD detection date would lead to an immortal
time bias for MT103-203 patients, due to the fact that patients relapsing or dying after MRD
detection but before beginning treatment with blinatumomab would not have been included in the
MT103-203 study. Initially two different baseline dates were used: the date of first blinatumomab
treatment for MT103-203 patients, and the date of MRD detection for 20120148 patients.
However, an immortal time bias is introduced by in using these dates because 20120148
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patients with quick relapse following MRD detection would not have counterparts in the MT103-
203 study. To better align the populations and reduce bias due to the definition of MRD baseline
date, study 20120148 historical patients were excluded if their time to relapse was less than 14
days, which is the median time between MRD detection and first blinatumomab dose for MT103-
203 patients. In addition, the baseline date for historical control patients from the 20120148 study
was set at MRD detection date plus 14 days.

The baseline date (i.e. start time) for relapse-free and overall survival was therefore defined as
14 days after the MRD baseline date for 20120148 patients and the date of the first
blinatumomab treatment for MT103-203 patients. Because study 20120148 captures an
extended disease history, some patients might have had multiple MRD detection dates following
multiple complete remissions from multiple lines of chemotherapy; at each of these dates the
patient would have been eligible for study MT103-203 (provided they had at least three total
blocks of chemotherapy). For these patients, the MRD baseline date was defined as 14 days
after the date of first MRD detection following the first complete remission (if data were
available).

Missing Data

There was a limited amount of missing data in the covariate set for the propensity score analysis.
Only two variables contained missing values. Two patients were missing the age at MRD
baseline, which was used as inclusion criteria. These individuals had values for their age at
diagnosis which were much greater than 18, therefore it was safely inferred that they met the age
requirement.

There were approximately 20 individuals in study MT103-203 who did not have a white blood cell
count value at diagnosis. For these patients, multiple imputation was applied via PROC Ml in
SAS, which created a single set of imputed values for the categorical white blood cell count
(<=30,000/pl, >30,000/ul) using a logistic regression model based on all remaining baseline
covariates.

Data Synthesis and Statistical Analysis

The databases from the two studies were merged programmatically and used for analysis. Once
combined the following steps were carried out to complete the statistical analysis:

e Select candidate variables for the propensity score model. Candidate variables are those
that are common to both the databases and are thought to be important for
characterizing the blinatumomab treated population. Candidate variables were selected
based on their prognostic potential determined through study team discussions.

e Run the variable selection algorithm in order to choose the variables and interaction
terms considered relevant for discriminating between those who were and were not
treated with blinatumomab. The final model is used for generating each subject’s
propensity score.

o Evaluate the propensity score overlap between treatment groups via a box plot and
evaluate the balance between treatment groups before and after propensity score (PS)
adjustments.

Company evidence submission template for blinatumomab for acute lymphoblastic
leukaemia for people with minimal residual disease activity in remission [ID1036]

© Amgen Ltd (2017). All rights reserved Page 217 of 285



e If balance is adequately achieved, conduct the endpoint analyses (RFS and OS) using
the appropriate inverse probability of treatment (IPT) weights.

Details of these steps are outlined in the following sections.
Propensity Score Model Development

Candidate variable main effects and all two-way interaction terms were entered into a logistic
regression model with blinatumomab treatment as the binary response. A stepwise variable
selection algorithm was run whereby p<0.30 was used as the threshold for entering and keeping
covariates in the model.

e Candidate propensity score model covariates included the following:
e Age at primary diagnosis (years)

e Sex (male, female)

e Country (Germany, others)

e Presence and type of any cytogenetic and molecular aberrations (t(4;11)MLL-AF4 (Yes,
No/Unknown)

e Time from primary diagnosis to MRD baseline date (months)

e Baseline MRD level (-3="<1x10—%", -2= “>=1x10-%and <1x10?", -1= “>=1x102and
<1x10"", 0= “>=1x10"")

e White blood cells (WBC) at diagnosis (<=30,000/ul, >30,000/ul)
e Type of prior chemotherapy (GMALL, other)

e Baseline MRD was recoded into an ordinal variable as defined above, and was treated
as a continuous covariate in the model.

e A propensity score model was fit for each analysis set separately.
Balance Diagnostics

Upon deriving propensity scores for each patient, balance between the two treatment groups with
respect to their PS was assessed via box plots. The overall balance was to be considered
sufficient if at least 25% of the historical data overlapped with the inner 95th percentile of the
blinatumomab data, as pre-specified in the SSAP.

With respect to individual covariates considered for the propensity score model, two methods
were employed to ascertain the balance between the data sources before and after propensity
score adjustments. The first method involved univariate regression models with the baseline
factor as the dependent variable and the treatment group as the independent variable. For
categorical factors, a logistic regression model with robust variance estimation was used. For
continuous variables, a general linear model with robust variance estimation was used. The p-
value associated with the treatment group effect from each model was used to compare the
before- and after-effects of the PS adjustment.
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The second method involved calculation of standardized differences. Standardized differences
can be used to ascertain the balance in a way that is not dependent on the sample size. Fora
continuous variable, the standardized differences were calculated as:

X1 —X3)

2 2
Sl+ 52
J 2

For a binary variable, the standardized differences were calculated as:

d=

(P1—P2)

Jra(l—ﬁz)mu— )]
2

d=

Criteria for deciding whether the balance was adequate included: univariate p-values greater
after adjustment and not considered significant and a standardized difference less than at least
0.20 (best balance achieved when less than 0.10).

If important covariates or baseline factors were not adequately balanced after conducting the
evaluations described above and the covariate was considered prognostic with respect to the
endpoint, then those factors may have been added as additional covariates to the endpoint
analysis model for sensitivity analyses.

Propensity Score Adjustment Method

The inverse probability of treatment weighting (IPTW) approach for propensity score adjustment
was used for this analysis. With time-to-event endpoints, stratification and covariate adjustment
have been shown to produce biased estimates of marginal and conditional hazard ratios, and the
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limited sample size prohibits matching. Different weights can be applied depending on the
objective of the analysis and the methodology is discussed below.

Average treatment effect of the treated weights were also considered (ATT)

e;(1-2;)

Mt It ey

Where the subscript i denotes the ith subject, w represents the weight, Z is assigned a value of 1
for treated (blinatumomab) subjects and 0 for untreated subjects, and e represents the
propensity score.

Average treatment effect (ATE)

e (1-e)

Where the subscript i denotes the ith subject, w represents the weight, Z is assigned a value of 1
for treated (blinatumomab) subjects and 0 for untreated subjects, and e represents the
propensity score.

Results (ATE weighting)
Balance in baseline covariates using ATE weighting

Table 86 summarises the degree of imbalance between treatment groups with respect to the 9
covariates prior to and after adjustment. Prior to adjustment, the covariates with the largest
difference between treatment groups were age at diagnosis (mean 36.3 and 44.8 for historical
control and blinatumomab populations, respectively) and time from diagnosis to baseline (mean
6.6 and 12.8 for historical control and blinatumomab populations, respectively). Additional
covariates, with a standardised difference greater than 0.2, were country, WBC at diagnosis
(continuous), and prior chemotherapy. Additional covariates, with a standardised difference
greater than 0.1, were MRD at baseline and WBC at diagnosis (categorical). After adjustment,
none of the p-values were significant and 8 of the 9 covariates had standardised differences less
than 0.2, and 6 out of 9 had standard differences less than 0.1. In both cases, the standardised
difference values were borderline. Therefore, inclusion of these covariates in the outcome model
was not warranted.
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Table 86. Covariate Balance Before and After Propensity Score Adjustments using ATE weighting

Characteristic Unweighted Stabilised IPTW
Control Blinatumomab Standard Control Blinatumomab | Standard

0 . P-val
Mean (SD)/n (%) | \_1g2) (N=73) Difference | | "2V | (N=174.3) (N=78.5) | Difference o
B i BT 36.3 (13.6) 44.8 (16.6) -0.56 <0.001 37.8 (13.8) 36.5 (16.4) 0.09 0.573
diagnosis (years)
Gender (Female) 80 (44.0) 32 (43.8) 0.00 0.986 76.6 (43.9) 27.0 (34.4) 0.20 0.226
ol (e 112 (61.5) 35 (47.9) 0.28 0.048 143.6 (58.8) 151.6 (55.3) 0.07 0.674
Germany)
MRD at Baseline
(recoded) 1.5 (0.6) 1.7 (0.7) 0.16 0.249 -1.6 (0.60) 1.5 (0.8) -0.08 0.688
Time from
diagnosis fo 6.6 (6.1) 12.8 (14.3) -0.56 <.001 7.3(7.2) 8.1(9.7) -0.09 0.463
baseline
(months)
WBC at
diagnosis 51 (28.0) 15 (20.5) 0.17 0.220 45.2 (26.0) 19.1 (24.3) 0.04 0.822
(>30,000/mm?3)
WBC at
ClEEeEE 4.15 (0.62) 3.98 (0.60) 0.26 0.072 4.13 (0.60) 4.07 (0.60) 0.10 0.542
(continuous,
log10)
T411mll4
mutation (Yes) 15 (8.2) 5 (6.8) 0.05 0.709 14.1 (8.1) 5.6 (7.2) 0.03 0.820
Prior
chemotherapy 76 (41.8) 42 (57.5) 0.32 0.023 78.0 (44.7) 39.2 (50.0) -0.10 0.533
(GMALL)

Abbreviations: IPTW: inverse probability of treatment weighting; SD: standard deviation; MRD: minimal residual disease; WBC: white blood cell; GMALL: German Multicentre
ALL Working Group.
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RFS

o Compared to SoC, blinatumomab provides a statistically significant reduction in the risk
of relapse or death of 50%.

In the analysis without adjusting for HSCT, 18-month RFS was 0.39 (95% CI: 0.33, 0.48) for
control and 0.67 (95% CI: 0.58, 0.78) for blinatumomab, representing a 1.7-fold increase in 18-
month RFS, as presented in Figure 55. K-M based median RFS (95% ClI), unadjusted for HSCT,
was estimated at 8.3 months (6.2, 11.8) for control and 35.2 months (24.2, n.e.) for
blinatumomab representing a 26.9-month improvement in median RFS. The K-M curves
demonstrate a clear separation in relapse-free survival over time between the two treatment
groups, and these results demonstrate a statistically significant association between
blinatumomab treatment and improvements in RFS compared to SoC. When adjusting for HSCT,
blinatumomab resulted in statistically significantly longer RFS, with a 50% reduction in the risk of
relapse or death compared to historical controls (HR: 0.50; 95% CI: 0.32, 0.78).%°

Figure 55. RFS in BLAST versus SoC chemotherapy using ATE weighting, unadjusted
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Note: Median relapse-free survival and 95% Cl is 35.2 (24.2, -) and 8.3 (6.2, 11.8) for Blinatumomab and Control respectively
Study snapshot data(MT103_203:18SEPT2015; 20120148:28MAY2015)

Program: /userdata/stat/amgi03/meta/propen/analysis/mrd/figures/program/f-ps-km.sas
Qutput: f-07-0071-003-ps-km-rfs-siptw-pas.rtf (Date Generated: 09FEB16 05:51) Source Data: adam.propsc

Abbreviations: RFS: relapse-free survival; SoC: Standard of Care; ATE: average treatment effect, population
level.

os

e Compared to SoC, blinatumomab provides a numerical improvement in OS. |

In the analysis without adjusting for HSCT, 18-month OS at was 0.55 (95% CI: 0.48, 0.63) for
control and 0.71 (95% CI: 0.62, 0.81) for blinatumomab, representing a 1.3-fold increase in 18-
month OS, as presented in Figure 56. K-M based median OS (95% CIl), unadjusted for HSCT,
was estimated at 27.2 months (16.4, 38.6) for control and 36.5 months (24.2, n.e.) for
blinatumomab, representing a 9.3-month improvement in median OS. These results suggest a
directional improvement in OS due to blinatumomab compared to SoC. The lack of statistical
significance in this analysis could be attributed to the fewer number of deaths in the data set,



compared to relapses, which results in less power and wider confidence intervals. When
adjusting for HSCT, a directional but not numerically significant improvement associated with
blinatumomab compared to historical controls was observed.®

Figure 56. OS in BLAST versus SoC chemotherapy using ATE weighting, unadjusted
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Appendix M Articles excluded from the SLR

A complete list of studies excluded from the SLR (including clinical, cost-effectiveness, health-
related quality of life, and cost and healthcare resource use studies) after the full text review
stage, with reasons for exclusion, is included in Table 87.



Table 87. Complete list of articles excluded after full text review from the SLR

Perrucci E., Falcinelli L., Lancellotta V., Palumbo |., Falzetti F.,
Aversa F., Merluzzi M., Velardi A., Martelli M. F.

Leukemia Relapse After Matched T Cell-Depleted
Hematopoietic Stem Cell Transplantation

Reference Authors Title Reason- for
ID Exclusion
6 Pemmaraju N., Kantarjian H., Jorgensen J. L., Jabbour E., Jain | Significance of recurrence of minimal residual Population not of
N., Thomas D., O’Brien S., Wang X., Huang X., Wang S. A., disease detected by multi-parameter flow interest
Konopleva M., Konoplev S., Kadia T., Garris R., Pierce S., cytometry in patients with acute lymphoblastic
Garcia-Manero G., Cortes J., Ravandi F. leukemia in morphological remission
9 Kebriaei P., Bassett R., Lyons G., Valdez B., Ledesma C., Clofarabine Plus Busulfan is an Effective Population not of
Rondon G., Oran B., Ciurea S., Alousi A., Popat U., Patel K., Conditioning Regimen for Allogeneic interest
Ahmed S., Olson A., Bashir Q., Shah N., Jones R., Marin D., Hematopoietic Stem Cell Transplantation in
Rezvani K., Nieto Y., Khouri I., Qazilbash M., Hosing C., Shpall | Patients with Acute Lymphoblastic Leukemia:
E., Champlin R. E., Andersson B. S. Long-Term Study Results
13 Motllé C., Ribera J. M., Morgades M., Granada |., Montesinos Frequency and prognostic significance of No outcomes of
P., Brunet S., Bergua J., Tormo M., Garcia-Boyero R., Sarra J., | t(v;11923)/KMT2A rearrangements in adult interest
del Potro E., Grande C., Barba P., Bernal T., Amigo M. L., Grau | patients with acute lymphoblastic leukemia
J., Cervera J., Feliu E. treated with risk-adapted protocols
14 Brammer J. E., Saliba R. M., Jorgensen J. L., Ledesma C., Multi-center analysis of the effect of T-cell acute Population not of
Gaballa S., Poon M., Maziarz R. T., Champlin R. E., Hosing C., | lymphoblastic leukemia subtype and minimal interest
Kebriaei P. residual disease on allogeneic stem cell
transplantation outcomes
15 Giebel S., Labopin M., Socié G., Beelen D., Browne P., Volin Improving results of allogeneic hematopoietic cell | Population not of
L., Kyrcz-Kr Zemien S., Yakoub-Agha I., Aljurf M., Wu D., transplantation for adults with acute lymphoblastic | interest
Michallet M., Arnold R., Mohty M., Nagler A. leukemia in first complete remission: An analysis
from the Acute Leukemia Working party of the
European Society for Blood and Marrow
Transplantation
17 Jabbour E., Short N. J., Jorgensen J. L., Yilmaz M., Ravandi F., | Differential impact of minimal residual disease Population not of
Wang S. A,, Thomas D. A., Khoury J., Champlin R. E., Khouri negativity according to the salvage status in interest
l., Kebriaei P., O'Brien S. M., Garcia-Manero G., Cortes J. E., patients with relapsed/refractory B-cell acute
Sasaki K., Dinardo C. D., Kadia T. M., Jain N., Konopleva M., lymphoblastic leukemia
Garris R., Kantarjian H. M.
24 Aristei C., Carotti A., Palazzari E., Amico L., Ruggeri L., The Total Body Irradiation Schedule Affects Acute | Outcomes not

separable for
population of interest




Reference Authors Title Reason_ for
ID Exclusion
25 Lussana F., Intermesoli T., Gianni F., Boschini C., Masciulli A., | Achieving Molecular Remission before Allogeneic | Outcomes not
Spinelli O., Oldani E., Tosi M., Grassi A., Parolini M., Audisio Stem Cell Transplantation in Adult Patients with separable for
E., Cattaneo C., Raimondi R., Angelucci E., Cavattoni |. M., Philadelphia Chromosome—Positive Acute population of interest
Scattolin A. M., Cortelezzi A., Mannelli F., Ciceri F., Mattei D., Lymphoblastic Leukemia: Impact on Relapse and
Borlenghi E., Terruzzi E., Romani C., Bassan R., Rambaldi A. Long-Term Outcome
31 Zhang M., Fu H., Lai X., Tan Y., Zheng W., Shi J., Zhao Y., Lin Minimal residual disease at first achievement of Population not of
M., He J., Cai Z., Luo Y., Huang H. complete remission predicts outcome in adult interest
patients with Philadelphia chromosome-negative
acute lymphoblastic leukemia
35 Yan C. H., Wang Y., Wang J. Z., Chen Y. H., Chen Y., Wang F. | Minimal residual disease- and graft-vs.-host Less than 10
R.,SunY. Q., Mo X. D., Han W., Chen H., Zhang X. H., Xu L. disease-guided multiple consolidation patients/case report
P., Liu K. Y., Huang X. J. chemotherapy and donor lymphocyte infusion
prevent second acute leukemia relapse after
allotransplant
37 Cassaday R. D., Alan Potts D., Stevenson P. A., Bar M., Evaluation of allogeneic transplantation in first or Less than 10
Georges G. E., Shustov A. R., Sorror M. L., Wood B. L., later minimal residual disease — negative patients/case report
Delaney C., Doney K. C., Storb R. F., Sandmaier B. M. remission following adult-inspired therapy for
acute lymphoblastic leukemia
43 Short N. J., Jabbour E., Sasaki K., Patel K., O'Brien S. M., Impact of complete molecular response on Population not of
Cortes J. E., Garris R., Issa G. C., Garcia-Manero G., Luthra survival in patients with Philadelphia interest
R., Thomas D., Kantarjian H., Ravandi F. chromosome-positive acute lymphoblastic
leukemia
49 Yoon J. H.,, YhimH. Y., Kwak J. Y., Ahn J. S., Yang D. H., Lee Minimal residual disease-based effect and long- Outcomes not
J.J.,,KimS. J,,KimJ. S., Park S. J., Choi C. W., Eom H. S., term outcome of first-line dasatinib combined with | separable for
Park S. K., Choi S. Y., Kim S. H.,, KimD. W., Lee S. chemotherapy for adult Philadelphia population of interest
chromosomepositive acute lymphoblastic
leukemia
50 Mannis G. N., Martin T. G., Damon L. E., Andreadis C., Olin R. | Quantification of Acute Lymphoblastic Leukemia Not a treatment of

L., Kong K. A., Faham M., Hwang J., Ai W. Z., Gaensler K. M.
L., Sayre P. H., Wolf J. L., Logan A. C.

Clonotypes in Leukapheresed Peripheral Blood
Progenitor Cells Predicts Relapse Risk after
Autologous Hematopoietic Stem Cell
Transplantation

interest




Reference Authors Title Reason_ for
ID Exclusion
76 Kantarjian H. M., Stein A. S., Bargou R. C., Grande Garcia C., Blinatumomab treatment of older adults with Outcomes not
Larson R. A., Stelljes M., Gékbuget N., Zugmaier G., Benjamin | relapsed/refractory B-precursor acute separable for
J. E., Zhang A,, Jia C., Topp M. S. lymphoblastic leukemia: Results from two phase 2 | population of interest
studies
81 Takashima S., Miyamoto T., Kamimura T., Yoshimoto G., Effects of conditioning intensity in allogeneic stem | Outcomes not
Yoshida S., Henzan H., Takase K., Kato K., Ilto Y., Ohno Y., cell transplantation for Philadelphia chromosome- | separable for
Nagafuji K., Eto T., Teshima T., Akashi K. positive acute lymphoblastic leukemia population of interest
83 Mo X. D., Zhang X. H., Xu L. P., Wang Y., Yan C. H., Chen H., | Interferon-a: A Potentially Effective Treatment for | Outcomes not
ChenY.H., Han W., Wang F. R.,, Wang J. Z,, Liu K. Y., Huang | Minimal Residual Disease in Acute separable for
X. J. Leukemia/Myelodysplastic Syndrome after population of interest
Allogeneic Hematopoietic Stem Cell
Transplantation
110 Parma M., Vigano C., Fumagalli M., Colnaghi F., Colombo A, Good outcome for very high risk adult B-cell acute | Less than 10
Mottadelli F., Rossi V., Elli E., Terruzzi E., Belotti A., Cazzaniga | lymphoblastic leukaemia carrying genetic patients/case report
G., Pogliani E. M., Pioltelli P. abnormalities t(4;11)(q21;923) or
t(9;22)(q34;911), if promptly submitted to
allogeneic transplantation, after obtaining a good
molecular remission
118 Aldoss I., Stiller T., Cao T. M., Palmer J. M., Thomas S. H., Impact of Additional Cytogenetic Abnormalities in | Outcomes not
Forman S. J., Pullarkat V. Adults with Philadelphia Chromosome-Positive separable for
Acute Lymphoblastic Leukemia Undergoing population of interest
Allogeneic Hematopoietic Cell Transplantation
134 Bachanova V., Marks D. I., Zhang M. J., Wang H., De Lima M., | Ph+ ALL patients in first complete remission have | Population not of
Aljurf M. D., Arellano M., Artz A. S., Bacher U., Cahn J. Y., similar survival after reduced intensity and interest
Chen Y. B., Copelan E. A., Drobyski W. R., Gale R. P., Greer J. | myeloablative allogeneic transplantation: Impact
P., Gupta V., Hale G. A., Kebriaei P., Lazarus H. M., Lewis I. of tyrosine kinase inhibitor and minimal residual
D., Lewis V. A,, Liesveld J. L., Litzow M. R., Loren A. W., Miller | disease
A. M., Norkin M., Oran B., Pidala J., Rowe J. M., Savani B. N.,
Saber W., Vij R., Waller E. K., Wiernik P. H., Weisdorf D. J.
150 Helbig G., Krawczyk-Kulis M., Kopera M., Jagoda K., Rzepka Autologous hematopoietic stem cell Population not of

P., Majewska-Tessar A., Hejla M., Kyrcz-Krzemien S.

transplantation for high-risk acute lymphoblastic
leukemia: Non-randomized study with a maximum
follow-up of more than 22 years

interest




Reference Authors Title Reason_ for
ID Exclusion
152 Bar M., Wood B. L., Radich J. P., Doney K. C., Woolfrey A. E., Impact of minimal residual disease, detected by Outcomes not
Delaney C., Appelbaum F. R., Gooley T. A. flow cytometry, on outcome of myeloablative separable for
hematopoietic cell transplantation for acute population of interest
lymphoblastic leukemia
172 Appelbaum F. R. Measurement of minimal residual disease before Population not of
and after myeloablative hematopoietic cell interest
transplantation for acute leukemia
210 Gokbuget N., Kneba M., Raff T., Trautmann H., Bartram C. R., | Adult patients with acute lymphoblastic leukemia No outcomes of
Arnold R., Fietkau R., Freund M., Ganser A., Ludwig W. D., and molecular failure display a poor prognosis interest
Maschmeyer G., Rieder H., Schwartz S., Serve H., Thiel E., and are candidates for stem cell transplantation
Briiggemann M., Hoelzer D. and targeted therapies
211 ChenH., LiuK. Y., XuL. P, LiuD.H., ChenY.H., Zhao X. Y., Administration of imatinib after allogeneic Outcomes not
Han W., Zhang X. H.,, Wang Y., Zhang Y. Y., Qin Y. Z., Liu Y. hematopoietic stem cell transplantation may separable for
R., Huang X. J. improve disease-free survival for patients with population of interest
Philadelphia chromosome-positive acute
lymphobla stic leukemia
217 Mizuta S., Matsuo K., Maeda T., Yujiri T., Hatta Y., Kimura Y., Prognostic factors influencing clinical outcome of | Outcomes not
Ueda Y., Kanamori H., Usui N., Akiyama H., Takada S., Yokota | allogeneic hematopoietic stem cell transplantation | separable for
A., Takatsuka Y., Tamaki S., Imai K., Moriuchi Y., Miyazaki Y., | following imatinib-based therapy in BCR-ABL- population of interest
Ohtake S., Ohnishi K., Naoe T. positive ALL
236 Gokbuget N., Basara N., Baurmann H., Beck J., Briggemann High single-drug activity of nelarabine in relapsed | Outcomes not
M., Diedrich H., Gulldenzoph B., Hartung G., Horst H. A., T-lymphoblastic leukemia/lymphoma offers separable for
Huttmann A., Kobbe G., Naumann R., Ratei R., Reichle A, curative option with subsequent stem cell population of interest
Serve H., Stelljes M., Viardot A., Wattad M., Hoelzer D. transplantation
242 Doney K., Gooley T. A., Deeg H. J., Flowers M. E. D., Storb R., | Allogeneic Hematopoietic Cell Transplantation Outcomes not
Appelbaum F. R. with Full-Intensity Conditioning for Adult Acute separable for
Lymphoblastic Leukemia: Results from a Single population of interest
Center, 1998-2006
266 Ma X., Wu D., Sun A., Qiu H., Fu Z., Wu X., Chen S., Mohty M. | The value of monitoring minimal residual disease | No outcomes of

in the patients with donor lymphocyte infusion as
intervention of relapsed/ refractory acute
lymphoblastic leukemia after allogeneic
hematopoietic stem cell transplantation

interest




Reference Authors Title Reason_ for
ID Exclusion
375 Scheuring U. J., Pfeifer H., Wassmann B., Briick P., Atta J., Early minimal residual disease (MRD) analysis No outcomes of
Petershofen E. K., Gehrke B., Gschaidmeier H., Hoelzer D., during treatment of Philadelphia interest
Ottmann O. G. chromosome/Bcr-Abl-positive acute lymphoblastic
leukemia with the Abl-tyrosine kinase inhibitor
imatinib (STI571)
385 Pérez-Simén J. A., Caballero D., Diez-Campelo M., Lopez- Chimerism and minimal residual disease Outcomes not
Pérez R., Mateos G., Caiiizo C., Vazquez L., Vidriales B., monitoring after reduced intensity conditioning separable for
Mateos M. V., Gonzalez M., San Miguel J. F. (RIC) allogeneic transplantation population of interest
389 Yokota H., Tsuno N. H., Tanaka Y., Fukui T., Kitamura K., Hirai | Quantification of minimal residual disease in No outcomes of
H., Osumi K., ltou N., Satoh H., Okabe M., Nakahara K. patients with e1a2 BCR-ABL-positive acute interest
lymphoblastic leukemia using a real-time RT-PCR
assay
399 Cornish J., Oakhill A. The management of relapsed acute lymphoblastic | Narrative review,
leukaemia letter, expert opinion,
etc.
442 Mitterbauer G., Nemeth P., Wacha S., Cross N. C. P., Quantification of minimal residual disease in Population not of
Schwarzinger |., Jaeger U., Geissler K., Greinix H. T., Kalhs P., | patients with BCR-ABL- positive acute interest
Lechner K., Mannhalter C. lymphoblastic leukaemia using quantitative
competitive polymerase chain reaction
540 Compana D., Coustan-Smith E., Janossy G. The immunologic detection of minimal residual No outcomes of
disease in acute leukemia interest
552 Mo X. D., Zhang X. H., Xu L. P., Wang Y., Yan C. H., Chen H., | Comparison of outcomes after donor lymphocyte Outcomes not
ChenY.H., Han W., Wang F. R., Wang J. Z., Liu K. Y., Huang | infusion with or without prior chemotherapy for separable for
X. J. minimal residual disease in acute population of interest
leukemia/myelodysplastic syndrome after
allogeneic hematopoietic stem cell transplantation
557 Milano F., Gooley T., Wood B., Woolfrey A., Flowers M. E., Cord-Blood Transplantation in Patients with Outcomes not
Doney K., Witherspoon R., Mielcarek M., Deeg J. H., Sorror M., | Minimal Residual Disease separable for
Dahlberg A., Sandmaier B. M., Salit R., Petersdorf E., population of interest
Appelbaum F. R., Delaney C.
573 Ravandi F., Jorgensen J. L., O'Brien S. M., Jabbour E., Minimal residual disease assessed by multi- Population not of

Thomas D. A., Borthakur G., Garris R., Huang X., Garcia-
Manero G., Burger J. A., Ferrajoli A., Wierda W., Kadia T., Jain

parameter flow cytometry is highly prognostic in
adult patients with acute lymphoblastic leukaemia

interest




Reference Authors Title Reason_ for
ID Exclusion
N., Wang S. A., Konoplev S., Kebriaei P., Champlin R. E.,
McCue D., Estrov Z., Cortes J. E., Kantarjian H. M.
575 Zugmaier G., Gokbuget N., Klinger M., Viardot A., Stelljes M., Long-term survival and T-cell kinetics in Population not of
Neumann S., Horst H. A., Marks R., Faul C., Diedrich H., relapsed/refractory ALL patients who achieved interest
Reichle A., Bruggemann M., Holland C., Schmidt M., Einsele MRD response after blinatumomab treatment
H., Bargou R. C., Topp M. S.
579 Nishiwaki S., Imai K., Mizuta S., Kanamori H., Ohashi K., Impact of MRD and TKI on allogeneic Outcomes not
Fukuda T., Onishi Y., Takahashi S., Uchida N., Eto T., hematopoietic cell transplantation for Ph+ALL: a separable for
Nakamae H., Yujiri T., Mori S., Nagamura-Inoue T., Suzuki R., study from the adult ALL WG of the JSHCT population of interest
Atsuta Y., Tanaka J.
582 Ravandi F., O'Brien S. M., Cortes J. E., Thomas D. M., Garris Long-term follow-up of a phase 2 study of Population not of
R., Faderl S., Burger J. A., Rytting M. E., Ferrajoli A., Wierda chemotherapy plus dasatinib for the initial interest
W. G., Verstovsek S., Champlin R., Kebriaei P., McCue D. A., treatment of patients with Philadelphia
Huang X., Jabbour E., Garcia-Manero G., Estrov Z., Kantarjian | chromosome-positive acute lymphoblastic
H. M. leukemia
584 Chamseddine A. N., Willekens C., De Botton S., Bourhis J. H. Retrospective Study of Allogeneic Hematopoietic | Outcomes not
Stem Cell Transplantation in Philadelphia separable for
Chromosome-Positive Leukemia: 25 Years' population of interest
Experience at Gustave Roussy Cancer Campus
585 Ding Z., Han M. Z., Chen S. L., Ma Q. L., Wei J. L., Pang A. M., | Outcomes of Adults with Acute Lymphoblastic Less than 10
Zhang X. Y., Liang C., Yao J. F., Cao Y. G,, Feng S. Z., Jiang Leukemia After Autologous Hematopoietic Stem patients/case report
E. L. Cell Transplantation and the Significance of
Pretransplantation Minimal Residual Disease:
Analysis from a Single Center of China
590 KimD.Y.,JooY.D., LimS.N.,, KimS.D., Lee J. H,, Lee J. H., | Nilotinib combined with multiagent chemotherapy | Outcomes not
Kim D. H., Kim K., Jung C. W., Kim I., Yoon S. S., Park S., Ahn | for newly diagnosed Philadelphia-positive acute separable for
J.S.,YangD.H., Lee J.J,,Lee H.S.,,KimY. S, Mun Y. C,, lymphoblastic leukemia population of interest
Kim H., Park J. H., Moon J. H., Sohn S. K., Lee S. M., Lee W.
S., Kim K. H., Won J. H., Hyun M. S., Park J., Lee J. H., Shin
H.J.,Chung J. S.,Lee H., EomH. S., Lee G. W., Cho Y. U.,
Jang S., Park C. J., ChiH. S., Lee K. H.
593 Salek C., Folber F., Fronkova E., Prochazka B., Marinov |, Early MRD response as a prognostic factor in Population not of

Cetkovsky P., Mayer J., Doubek M.

adult patients with acute lymphoblastic leukemia

interest




Reference Authors Title Reason_ for
ID Exclusion
599 Bergfelt E., Kozlowski P., Ahlberg L., Hulegardh E., Hagglund Satisfactory outcome after intensive Less than 10
H., Karlsson K., Markuszewska-Kuczymska A., Tomaszewska- | chemotherapy with pragmatic use of minimal patients/case report
Toporska B., Smedmyr B., Astrom M., Amini R. M., Hallbook H. | residual disease (MRD) monitoring in older
patients with Philadelphia-negative B cell
precursor acute lymphoblastic leukaemia: a
Swedish registry-based study
604 Kim M., Park J., KimD. W., Kim Y. J., Jeon Y. W., Yoon J. H., Impact of IKZF1 deletions on long-term outcomes | Population not of
Shin S. H., Yahng S. A, Lee S. E., Cho B. S., Eom K. S., Kim of allo-SCT following imatinib-based interest
H.J.,Min C. K, Cho S. G.,, KimY., Lee J. W., Han K., Min W. chemotherapy in adult Philadelphia chromosome-
S, Lee S. positive ALL
606 Kong Y., XuL.P., LiuY.R,QinY.Z,SunY.Q., Wang Y., Presence of CD34(+)CD38(-)CD58(-) leukemia- Population not of
Jiang H., Jiang Q., Chen H., Chang Y. J., Huang X. J. propagating cells at diagnosis identifies patients interest
at high risk of relapse with Ph chromosome-
positive ALL after allo-hematopoietic SCT
608 Topp M. S., Gokbuget N., Zugmaier G., Klappers P., Stelljes Phase Il trial of the anti-CD19 bispecific T cell- Population not of
M., Neumann S., Viardot A., Marks R., Diedrich H., Faul C., engager blinatumomab shows hematologic and interest
Reichle A., Horst H. A., Bruggemann M., Wessiepe D., Holland | molecular remissions in patients with relapsed or
C., Alekar S., Mergen N., Einsele H., Hoelzer D., Bargou R. C. refractory B-precursor acute lymphoblastic
leukemia
609 Kanakry C. G., Tsai H. L., Bolanos-Meade J., Smith B. D., Gojo | Single-agent GVHD prophylaxis with Population not of
I., Kanakry J. A., Kasamon Y. L., Gladstone D. E., Matsui W., posttransplantation cyclophosphamide after interest
Borrello |., Huff C. A., Swinnen L. J., Powell J. D., Pratz K. W., myeloablative, HLA-matched BMT for AML, ALL,
DeZern A. E., Showel M. M., McDevitt M. A., Brodsky R. A., and MDS
Levis M. J., Ambinder R. F., Fuchs E. J., Rosner G. L., Jones
R. J., Luznik L.
611 Ma L., Hao S., Diong C., Goh Y. T., Gopalakrishnan S., Ho A,, Pre-transplant achievement of negativity in Outcomes not
Hwang W., Koh L. P., Koh M., Lim Z. Y., Loh Y., Poon M., Tan minimal residual disease and French-American- separable for
L.K., Tan P, Linn Y. C. British L1 morphology predict superior outcome population of interest
after allogeneic transplant for Philadelphia
chromosome positive acute lymphoblastic
leukemia: an analysis of Southeast Asian patients
618 Tucunduva L., Ruggeri A., Sanz G., Furst S., Cornelissen J., Impact of minimal residual disease on outcomes Not a treatment of

Linkesch W., Mannone L., Ribera J. M., Veelken H., Yakoub-

after umbilical cord blood transplantation for
adults with Philadelphia-positive acute

interest




Reference Authors Title Reason_ for
ID Exclusion
Agha |., Gonzalez Valentin M. E., Schots R., Arcese W., lymphoblastic leukaemia: an analysis on behalf of
Montesinos P., Labopin M., Gluckman E., Mohty M., Rocha V. Eurocord, Cord Blood Committee and the Acute
Leukaemia working party of the European group
for Blood and Marrow Transplantation
620 Terwey T. H., Hemmati P. G., Nagy M., Pfeifer H., Gokbuget Comparison of chimerism and minimal residual Population not of
N., Bruggemann M., Le Duc T. M., le Coutre P., Dorken B., disease monitoring for relapse prediction after interest
Arnold R. allogeneic stem cell transplantation for adult acute
lymphoblastic leukemia
622 Logan A. C., Vashi N., Faham M., Carlton V., Kong K., Buno I., | Immunoglobulin and T cell receptor gene high- Population not of
Zheng J., Moorhead M., Klinger M., Zhang B., Wagar A., throughput sequencing quantifies minimal residual | interest
Zehnder J. L., Miklos D. B. disease in acute lymphoblastic leukemia and
predicts post-transplantation relapse and survival
623 Yan C. H., Jiang Q., Wang J., Xu L. P,, Liu D. H., Jiang H., Superior survival of unmanipulated haploidentical | Outcomes not
Chen H., Zhang X. H., Liu K. Y., Huang X. J. hematopoietic stem cell transplantation compared | separable for
with chemotherapy alone used as post-remission population of interest
therapy in adults with standard-risk acute
lymphoblastic leukemia in first complete remission
625 Salah-Eldin M., Abousamra N. K., Azzam H. Clinical significance of minimal residual disease in | Population not of
young adults with standard-risk/Ph-negative interest
precursor B-acute lymphoblastic leukemia: results
of prospective study
627 Zhou Y., Slack R., Jorgensen J. L., Wang S. A, Rondon G., de | The effect of peritransplant minimal residual Population not of
Lima M., Shpall E., Popat U., Ciurea S., Alousi A., Qazilbash disease in adults with acute lymphoblastic interest
M., Hosing C., O'Brien S., Thomas D., Kantarjian H., Medeiros | leukemia undergoing allogeneic hematopoietic
L. J., Champlin R. E., Kebriaei P. stem cell transplantation
629 TanY.,DuK., LuoY., ShiJ.,, Cao L., Zheng Y., Zheng G., Zhao | Superiority of preemptive donor lymphocyte Outcomes not
Y., Ye X., Cai Z., Huang H. infusion based on minimal residual disease in separable for
acute leukemia patients after allogeneic population of interest
hematopoietic stem cell transplantation
632 Gossai N., Verneris M. R., Karras N. A., Gorman M. F., Patel N. | A clofarabine-based bridging regimen in patients Less than 10

J., Burke M. J.

with relapsed ALL and persistent minimal residual
disease (MRD)

patients/case report




Reference Authors Title Reason_ for
ID Exclusion
634 Giebel S., Labopin M., Gorin N. C., Caillot D., Leguay T., Improving results of autologous stem cell Less than 10
Schaap N., Michallet M., Dombret H., Mohty M. transplantation for Philadelphia-positive acute patients/case report
lymphoblastic leukaemia in the era of tyrosine
kinase inhibitors: a report from the Acute
Leukaemia Working Party of the European Group
for Blood and Marrow Transplantation
637 Kunter G., Perkins J. B., Pidala J., Nishihori T., Kharfan-Dabaja | Pharmacokinetically-targeted BU and fludarabine | Not a treatment of
M. A., Field T., Fernandez H., Perez L., Locke F., Ayala E., as conditioning before allogeneic hematopoietic interest
Tomblyn M., Ochoa-Bayona J. L., Betts B., Nieder M., Anasetti | cell transplantation for adults with ALL in first
C. remission
640 Samra M. A., Mahmoud H. K., Abdelhamid T. M., El Sharkawy | The prognostic significance of minimal residual Population not of
N. M., Elnahass Y. H., Elgammal M., Abdelfattah R. M., Eid S., | disease in adult Egyptian patients with precursor interest
Ghaleb F. M., Kamel A. M. acute lymphoblastic leukemia
641 Yan C. H., Wang J. Z., Liu D. H,, Xu L. P,, Chen H,, Liu K. Y., Chemotherapy followed by modified donor Outcomes not
Huang X. J. lymphocyte infusion as a treatment for relapsed separable for
acute leukemia after haploidentical hematopoietic | population of interest
stem cell transplantation without in vitro T-cell
depletion: superior outcomes compared with
chemotherapy alone and an analysis of
prognostic factors
642 Ravandi F., Jorgensen J. L., Thomas D. A., O'Brien S., Garris Detection of MRD may predict the outcome of Population not of
R., Faderl S., Huang X., Wen S., Burger J. A., Ferrajoli A, patients with Philadelphia chromosome-positive interest
Kebriaei P., Champlin R. E., Estrov Z., Challagundla P., Wang ALL treated with tyrosine kinase inhibitors plus
S. A,, Luthra R., Cortes J. E., Kantarjian H. M. chemotherapy
653 Nagafuji K., Miyamoto T., Eto T., Kamimura T., Taniguchi S., Monitoring of minimal residual disease (MRD) is Population not of
Okamura T., Ohtsuka E., Yoshida T., Higuchi M., Yoshimoto useful to predict prognosis of adult patients with interest
G., Fujisaki T., Abe Y., Takamatsu Y., Yokota S., Akashi K., Ph-negative ALL: results of a prospective study
Harada M. (ALL MRD2002 Study)
654 Kebriaei P., Wilhelm K., Ravandi F., Brandt M., de Lima M., Feasibility of allografting in patients with advanced | Outcomes not
Ciurea S., Worth L., O'Brien S., Thomas D., Champlin R. E., acute lymphoblastic leukemia after salvage separable for
Kantarjian H. therapy with inotuzumab ozogamicin population of interest
657 Pfeifer H., Wassmann B., Bethge W., Dengler J., Bornhauser Randomized comparison of prophylactic and Population not of

M., Stadler M., Beelen D., Vucinic V., Burmeister T., Stelljes M.,
Faul C., Dreger P., Kiani A., Schafer-Eckart K., Schwerdtfeger

minimal residual disease-triggered imatinib after

interest




Reference
ID

Authors

Title

Reason for
Exclusion

R., Lange E., Kubuschok B., Horst H. A., Gramatzki M., Bruck
P., Serve H., Hoelzer D., Gokbuget N., Ottmann O. G.

allogeneic stem cell transplantation for BCR-
ABL1-positive acute lymphoblastic leukemia

666 Lee S., KimD. W., Cho B. S., Yoon J. H., Shin S. H., Yahng S. | Impact of minimal residual disease kinetics during | No outcomes of
A.,Lee S.E.,,EomK. S., KimY. J., Chung N. G., Kim H. J., Min | imatinib-based treatment on transplantation interest
C.K,LeeJ. W, MinW. S., Park C. W. outcome in Philadelphia chromosome-positive
acute lymphoblastic leukemia
693 Kikuchi M., Tanaka J., Kondo T., Hashino S., Kasai M., Clinical significance of minimal residual disease in | No outcomes of
Kurosawa M., lwasaki H., Morioka M., Kawamura T., Masauzi adult acute lymphoblastic leukemia interest
N., Fukuhara T., Kakinoki Y., Kobayashi H., Noto S., Asaka M.,
Imamura M.
695 Nishiwaki S., Miyamura K., Kato C., Terakura S., Ohashi K., Impact of post-transplant imatinib administration Outcomes not
Sakamaki H., Nakao S., Harigae H., Kodera Y. on Philadelphia chromosome-positive acute separable for
lymphoblastic leukaemia population of interest
702 Patel B., Rai L., Buck G., Richards S. M., Mortuza Y., Mitchell Minimal residual disease is a significant predictor | Population not of
W., Gerrard G., Moorman A. V., Duke V., Hoffbrand A. V., of treatment failure in non T-lineage adult acute interest
Fielding A. K., Goldstone A. H., Foroni L. lymphoblastic leukaemia: final results of the
international trial UKALL XII/ECOG2993
703 Giebel S., Stella-Holowiecka B., Krawczyk-Kulis M., Gokbuget Status of minimal residual disease determines Population not of
N., Hoelzer D., Doubek M., Mayer J., Piatkowska-Jakubas B., outcome of autologous hematopoietic SCT in interest
Skotnicki A. B., Dombret H., Ribera J. M., Piccaluga P. P., adult ALL
Czerw T., Kyrcz-Krzemien S., Holowiecki J.
711 Gutman J. A,, Leisenring W., Appelbaum F. R., Woolfrey A. E., | Low relapse without excessive transplant-related Outcomes not
Delaney C. mortality following myeloablative cord blood separable for
transplantation for acute leukemia in complete population of interest
remission: a matched cohort analysis
716 Bassan R., Spinelli O., Oldani E., Intermesoli T., Tosi M., Improved risk classification for risk-specific Population not of
Peruta B., Rossi G., Borlenghi E., Pogliani E. M., Terruzzi E., therapy based on the molecular study of minimal interest
Fabris P., Cassibba V., Lambertenghi-Deliliers G., Cortelezzi residual disease (MRD) in adult acute
A., Bosi A., Gianfaldoni G., Ciceri F., Bernardi M., Gallamini A., | lymphoblastic leukemia (ALL)
Mattei D., Di Bona E., Romani C., Scattolin A. M., Barbui T.,
Rambaldi A.
721 Yanada M., Sugiura I., Takeuchi J., Akiyama H., Maruta A., Prospective monitoring of BCR-ABL1 transcript No outcomes of

Ueda Y., Usui N., Yagasaki F., Yujiri T., Takeuchi M., Nishii K.,

levels in patients with Philadelphia chromosome-

interest




Reference

Reason for

Authors Title .
ID Exclusion
Kimura Y., Miyawaki S., Narimatsu H., Miyazaki Y., Ohtake S., | positive acute lymphoblastic leukaemia
Jinnai |., Matsuo K., Naoe T., Ohno R. undergoing imatinib-combined chemotherapy
724 Holowiecki J., Krawczyk-Kulis M., Giebel S., Jagoda K., Stella- | Status of minimal residual disease after induction | Population not of
Holowiecka B., Piatkowska-Jakubas B., Paluszewska M., predicts outcome in both standard and high-risk interest
Seferynska |., Lewandowski K., Kielbinski M., Czyz A., Balana- | Ph-negative adult acute lymphoblastic leukaemia.
Nowak A., Krol M., Skotnicki A. B., Jedrzejczak W. W., The Polish Adult Leukemia Group ALL 4-2002
Warzocha K., Lange A., Hellmann A. MRD Study
736 Spinelli O., Peruta B., Tosi M., Guerini V., Salvi A., Zanotti M. Clearance of minimal residual disease after Population not of
C., Oldani E., Grassi A., Intermesoli T., Mico C., Rossi G., allogeneic stem cell transplantation and the interest
Fabris P., Lambertenghi-Deliliers G., Angelucci E., Barbui T., prediction of the clinical outcome of adult patients
Bassan R., Rambaldi A. with high-risk acute lymphoblastic leukemia
742 Raff T., Gokbuget N., Luschen S., Reutzel R., Ritgen M., Irmer | Molecular relapse in adult standard-risk ALL Population not of
S., Bottcher S., Horst H. A., Kneba M., Hoelzer D., patients detected by prospective MRD monitoring | interest
Bruggemann M. during and after maintenance treatment: data
from the GMALL 06/99 and 07/03 trials
748 Toubai T., Tanaka J., Ota S., Fukuhara T., Hashino S., Kondo Minimal residual disease (MRD) monitoring using | Less than 10
T., Kasai M., Kakinoki Y., Masauzi N., Morioka M., Kawamura rearrangement of T-cell receptor and patients/case report
T., Iwasaki H., Asaka M., Imamura M. immunoglobulin H gene in the treatment of adult
acute lymphoblastic leukemia patients
749 Bruggemann M., Raff T., Flohr T., Gokbuget N., Nakao M., Clinical significance of minimal residual disease Population not of
Droese J., Luschen S., Pott C., Ritgen M., Scheuring U., Horst | quantification in adult patients with standard-risk interest
H. A., Thiel E., Hoelzer D., Bartram C. R., Kneba M. acute lymphoblastic leukemia
752 Wassmann B., Pfeifer H., Stadler M., Bornhauser M., Bug G., Early molecular response to posttransplantation Population not of
Scheuring U. J., Bruck P., Stelljes M., Schwerdtfeger R., imatinib determines outcome in MRD+ interest
Basara N., Perz J., Bunjes D., Ledderose G., Mahlberg R., Philadelphia-positive acute lymphoblastic
Binckebanck A., Gschaidmeier H., Hoelzer D., Ottmann O. G. leukemia (Ph+ ALL)
773 Scheuring U. J., Pfeifer H., Wassmann B., Bruck P., Gehrke B., | Serial minimal residual disease (MRD) analysis as | Less than 10
Petershofen E. K., Gschaidmeier H., Hoelzer D., Ottmann O. G. | a predictor of response duration in Philadelphia- patients/case report
positive acute lymphoblastic leukemia (Ph+ALL)
during imatinib treatment
777 Lee S., KimD. W.,KimY. J., Chung N. G., KimY. L., Hwang J. | Minimal residual disease-based role of imatinib as | No outcomes of

Y., Kim C. C.

a first-line interim therapy prior to allogeneic stem

interest




Reference Authors Title Reason_ for
ID Exclusion
cell transplantation in Philadelphia chromosome-
positive acute lymphoblastic leukemia
779 Esperou H., Boiron J. M., Cayuela J. M., Blanchet O., Kuentz A potential graft-versus-leukemia effect after Outcomes not
M., Jouet J. P., Milpied N., Cahn J. Y., Faucher C., Bourhis J. allogeneic hematopoietic stem cell transplantation | separable for
H., Michallet M., Tanguy M. L., Vernant J. P., Gabert J., for patients with Philadelphia chromosome- population of interest
Bordigoni P., Ifrah N., Baruchel A., Dombret H. positive acute lymphoblastic leukemia: results
from the French Bone Marrow Transplantation
Society
780 Stirewalt D. L., Guthrie K. A., Beppu L., Bryant E. M., Doney K., | Predictors of relapse and overall survival in Outcomes not
Gooley T., Appelbaum F. R., Radich J. P. Philadelphia chromosome-positive acute separable for
lymphoblastic leukemia after transplantation population of interest
781 Szatrowski T. P., Dodge R. K., Reynolds C., Westbrook C. A., Lineage specific treatment of adult patients with No outcomes of
Frankel S. R., Sklar J., Stewart C. C., Hurd D. D., Kolitz J. E., acute lymphoblastic leukemia in first remission interest
Velez-Garcia E., Stone R. M., Bloomfield C. D., Schiffer C. A, with anti-B4-blocked ricin or high-dose cytarabine:
Larson R. A. Cancer and Leukemia Group B Study 9311
789 Miglino M., Berisso G., Grasso R., Canepa L., Clavio M., Pierri | Allogeneic bone marrow transplantation (BMT) for | Population not of
l., Pietrasanta D., Gatto S., Varaldo R., Ballerini F., Verdiani S., | adults with acute lymphoblastic leukemia (ALL): interest
Casarino L., DeStefano F., Sessarego M., Dominietto A., predictive role of minimal residual disease
Raiola A. M., Bregante S., di Grazia C., Gobbi M., Bacigalupo monitoring on relapse
A.
794 Dombret H., Gabert J., Boiron J. M., Rigal-Huguet F., Blaise D., | Outcome of treatment in adults with Philadelphia Population not of
Thomas X., Delannoy A., Buzyn A., Bilhou-Nabera C., Cayuela | chromosome-positive acute lymphoblastic interest
J. M., Fenaux P., Bourhis J. H., Fegueux N., Charrin C., leukemia--results of the prospective multicenter
Boucheix C., Lheritier V., Esperou H., Macintyre E., Vernant J. | LALA-94 trial
P., Fiere D.
798 Sanchez J., Serrano J., Gomez P., Martinez F., Martin C., Clinical value of immunological monitoring of Less than 10
Madero L., Herrera C., Garcia J. M., Casano J., Torres A. minimal residual disease in acute lymphoblastic patients/case report
leukaemia after allogeneic transplantation
804 Uzunel M., Mattsson J., Jaksch M., Remberger M., Ringden O. | The significance of graft-versus-host disease and | Outcomes not

pretransplantation minimal residual disease status
to outcome after allogeneic stem cell
transplantation in patients with acute
lymphoblastic leukemia

separable for
population of interest




Reference Authors Title Reason_ for
ID Exclusion
810 Malec M., Bjorklund E., Soderhall S., Mazur J., Sjogren A. M., Flow cytometry and allele-specific oligonucleotide | No outcomes of
Pisa P., Bjorkholm M., Porwit-MacDonald A. PCR are equally effective in detection of minimal interest
residual disease in ALL
812 Wakasugi S., Ohta K., Hasegawa Y., Tatumi N., Nakamura H. Detection of minimal residual disease in acute Population not of
leukemia by Tc-99m MIBI femoral marrow interest
imaging
819 Finke J., Bertz H., Schmoor C., Veelken H., Behringer D., Allogeneic bone marrow transplantation from Outcomes not
Wasch R., Kunzmann R., Heidecker L., Lang H., Meyer-Konig unrelated donors using in vivo anti-T-cell globulin | separable for
U., Mertelsmann R. population of interest
825 Munoz L., Lopez O., Martino R., Brunet S., Bellido M., Rubiol Combined use of reverse transcriptase No outcomes of
E., Sierra J., Nomdedeu J. F. polymerase chain reaction and flow cytometry to interest
study minimal residual disease in Philadelphia
positive acute lymphoblastic leukemia
836 Cimino G., Elia L., Rapanotti M. C., Sprovieri T., Mancini M., A prospective study of residual-disease No outcomes of
Cuneo A., Mecucci C., Fioritoni G., Carotenuto M., Morra E., monitoring of the ALL1/AF4 transcript in patients interest
Liso V., Annino L., Saglio G., De Rossi G., Foa R., Mandelli F. with t(4;11) acute lymphoblastic leukemia
881 Radich J., Ladne P., Gooley T. Polymerase chain reaction-based detection of Population not of
minimal residual disease in acute lymphoblastic interest
leukemia predicts relapse after allogeneic BMT
908 Uckun F. M., Kersey J. H., Haake R., Weisdorf D., Nesbit M. E., | Pretransplantation burden of leukemic progenitor Outcomes not
Ramsay N. K. cells as a predictor of relapse after bone marrow separable for
transplantation for acute lymphoblastic leukemia population of interest
909 Nizet Y., Van Daele S., Lewalle P., Vaerman J. L., Philippe M., Long-term follow-up of residual disease in acute Less than 10
Vermylen C., Cornu G., Ferrant A., Michaux J. L., Martiat P. lymphoblastic leukemia patients in complete patients/case report
remission using clonogeneic IgH probes and the
polymerase chain reaction
917 Miyamura K., Tanimoto M., Morishima Y., Horibe K., Detection of Philadelphia chromosome-positive Less than 10
Yamamoto K., Akatsuka M., Kodera Y., Kojima S., Matsuyama | acute lymphoblastic leukemia by polymerase patients/case report
K., Hirabayashi N., et al., chain reaction: possible eradication of minimal
residual disease by marrow transplantation
918 Uckun F. M., Kersey J. H., Haake R., Weisdorf D., Ramsay N. Autologous bone marrow transplantation in high- Outcomes not

K.

risk remission B-lineage acute lymphoblastic
leukemia using a cocktail of three monoclonal

separable for
population of interest




Reference
ID

Authors

Title

Reason for
Exclusion

antibodies (BA-1/CD24, BA-2/CD9, and BA-
3/CD10) plus complement and 4-
hydroperoxycyclophosphamide for ex vivo bone
marrow purging

926 Gehly G. B., Bryant E. M., Lee A. M., Kidd P. G., Thomas E. D. | Chimeric BCR-abl messenger RNA as a marker No outcomes of
for minimal residual disease in patients interest
transplanted for Philadelphia chromosome-
positive acute lymphoblastic leukemia

933 Uckun F. M., Kersey J. H., Vallera D. A., Ledbetter J. A,, Autologous bone marrow transplantation in high- Less than 10

Weisdorf D., Myers D. E., Haake R., Ramsay N. K. risk remission T-lineage acute lymphoblastic patients/case report

leukemia using immunotoxins plus 4-
hydroperoxycyclophosphamide for marrow
purging

934 Zhang R. X, Yao E. G. Significance of FCM-DNA measurement in Population not of
detecting minimal residual disease in leukemia interest

936 Hoelzer D. Change in treatment strategies for adult acute Narrative review,
lymphoblastic leukemia (ALL) according to letter, expert opinion,
prognostic factors and minimal residual disease etc.

938 Campana D., Coustan-Smith E., Janossy G. The immunologic detection of minimal residual Outcomes not
disease in acute leukemia separable for

population of interest

940 Rizzoli V., Mangoni L. Pharmacological-mediated purging with Population not of
mafosfamide in acute and chronic myeloid interest
leukemias. The ltalian Study Group

967 May Mb, Glode A Blinatumomab: A novel, bispecific, T-cell Narrative review,
engaging antibody letter, expert opinion,

etc.
968 DeAngelo Dj, Stelljes M, Martinelli G, Kantarjian H, Liedtke M, Efficacy and safety of inotuzumab ozogamicin No outcomes of

Stock W, Goekbuget N, Wang K, Pacagnella L, Sleight B,
Vandendries E, Advani As

(INO) vs standard of care (SoC) in salvage 1 or 2

patients with acute lymphoblastic leukemia (ALL):

An ongoing global phase 3 study

interest




Reference Authors Title Reason_ for
ID Exclusion
971 Bertrand Y, Baruchel A, Thomas Xg, Blin N, Tardy Et, Perel Y, Clinical activity of ERY001 (erythrocyte Narrative review,
Vey N, Gandemer V, Cacheux V, Mazingue F, Raffoux E, Plat encapsulated I-asparaginase) and native |- letter, expert opinion,
G, Poiree M, Stephan J-L, Auvrignon A, Plantaz D, Pellier |, asparaginase (L-ASP) in combination with etc.
Bonin C, El-Hariry |, Ferster A COOPRALL regimen in phase Il randomized trial
in patients with relapsed acute lymphoblastic
leukemia (ALL)
981 Mo X-D, Zhang X-H, Xu L-P, Wang Y, Yan C-H, Chen H, Chen | Comparison of outcomes after donor lymphocyte Outcomes not

Y-H, Han W, Wang F-R, Wang J-Z, Liu K-Y, Huang X-J

infusion with or without prior chemotherapy for
minimal residual disease in acute
leukemia/myelodysplastic syndrome after
allogeneic hematopoietic stem cell transplantation

separable for
population of interest




Appendix N MRD Status epidemiology estimates

Weighted average estimates of MRD+ status in Ph-negative ALL patients derived from 3 publications are provided below in Table 88.

Table 88. Weighted average of MRD+ in Ph-negative ALL patients

Study Patients | Patients Patients in MoICR Patients in | % MoICR | Weights | Weighted % MoICR
in CR tested after induction MoICR

Gokbuget et al. (2012)* 1,076 961 383 252 0.66 0.665 0.438

Holowiecki et al. (2008)t 131 118 115 77 0.67 0.200 0.134

Bassan et al. (2009)* 148 125 78 41 0.53 0.135 0.071

Total patients in MoICR 64.2%

Total weighted average MRD+ (%) 36%

Footnotes: *B-lineage ALL patients, MRD detection threshold of 10-#; TMRD detection threshold of 10-3; *B-lineage Ph-positive ALL patients, MRD detection limit of 10.
Abbreviations: MRD: minimal residual disease; Ph: Philadelphia chromosome; ALL: acute lymphoblastic leukaemia; CR: complete response; MolCR: molecular complete
response (i.e. MRD-).

Sources: Gokbuget et al. (2012),"'6 Holowiecki et al. (2008),%! Bassan et al. (2009)%5



Appendix O Change in MRD status after cycle 1

Table 89. Change in MRD result from baseline to end of cycle 1 in MRD non-responders

Cycle 1 MRD? Value

Baseline -5 -4 -1 NA Total
MRD'

NA I ____

-5 Il N N

-4 I N

-3 I N N

-2 I N

-1 I I

Total I I

Footnotes: 'If multiple MRD measurements were taken at baseline visit, the latest one prior to blinatumomab infusion
was used. 2If multiple MRD measurements were taken during cycle 1, the non-missing minimum MRD result was used.
Note: MRD units are in 10 (i.e., -5 = 107, etc)

Abbreviations: MRD: minimal residual disease.

Source: BLAST Key Secondary Analysis CSR Table 14-4.5.256



Appendix P: RFS and OS distributions fitted to IPTW-ATT
Propensity Matched Data from BLAST and Historical Control

1.1 Relapse-Free and Overall Survival Using ATT Weights

1.1.1 Relapse-Free Survival

Figure 57. Kaplan Meier estimates of RFS for patients receiving blinatumomab and SOC from
propensity matched analysis of BLAST and historical control study, ATT weights
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Figure 58. Fit statistics for parametric survival distributions fit to RFS for patients receiving

blinatumomab and SOC from propensity matched analysis of BLAST and historical control

study, ATT weights
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Figure 59. Treatment effect counterfactual plots for RFS for patients receiving blinatumomab

and SOC from propensity matched analysis of BLAST and historical control study, ATT

weights
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Figure 60. Schoenfeld residual plots for RFS for patients receiving blinatumomab and SOC
from propensity matched analysis of BLAST and historical control study, ATT weights
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Figure 61. Survival probabilities to 12 years for all parametric survival distributions fit to RFS
for patients receiving blinatumomab and SOC from propensity matched analysis of BLAST
and historical control study, ATT weights
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Figure 62. Survival probabilities to 50 years for all parametric survival distributions fit to RFS
for patients receiving blinatumomab and SOC from propensity matched analysis of BLAST
and historical control study, ATT weights
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Table 90. Estimated cure fractions for all parametric survival distributions fit to RFS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST and
historical control study, ATT weights

Distribution Type Blinatumomab SOC
Gompertz Restricted 48.5% 16.0%
Gompertz Unrestricted 39.5% 17.2%

RCS Log-Logistic Restricted 0.0% 0.0%
Lognormal Restricted 0.0% 0.0%




Weibull Non-Mixture Cure 47.8% 15.8%
Lognormal Non-Mixture Cure 36.3% 8.8%
Lognormal Mixture Cure + Restricted 27.6% 13.7%
Log-Logistic Restricted 0.0% 0.0%
RCS Lognormal Restricted 0.0% 0.0%
Lognormal Non-Mixture Cure + Restricted 21.4% 10.9%
Gen. Gamma Restricted 0.0% 0.0%
RCS Weibull Restricted 0.0% 0.0%
Gen. F Restricted 0.0% 0.0%
Weibull Non-Mixture Cure + Restricted 37.1% 17.1%
Gamma Non-Mixture Cure 45.3% 14.3%
Lognormal Unrestricted 0.0% 0.0%
Gamma Mixture Cure 31.2% 15.8%
Lognormal Mixture Cure 44.7% 12.0%
Gamma Non-Mixture Cure + Restricted 30.2% 15.4%
Log-Logistic Unrestricted 0.0% 0.0%
Lognormal Mixture Cure + Unrestricted 24.3% 13.8%
Weibull Mixture Cure + Restricted 35.7% 17.5%
Lognormal Non-Mixture Cure + Unrestricted 20.8% 11.0%
Weibull Mixture Cure 49.1% 16.9%
Weibull Non-Mixture Cure + Unrestricted 42.7% 17.0%
RCS Log-Logistic Unrestricted 0.0% 0.0%
RCS Weibull Unrestricted 0.0% 0.0%
Gamma Mixture Cure 47.5% 15.3%
Weibull Mixture Cure + Unrestricted 43.7% 17.4%
RCS Lognormal Unrestricted 0.0% 0.0%
Gen. Gamma Unrestricted 0.0% 0.0%
Gamma Mixture Cure + Unrestricted 32.0% 15.9%
Gamma Non-Mixture Cure + Unrestricted 27.3% 15.5%
Gen. F Unrestricted 0.0% 0.0%
Weibull Restricted 0.0% 0.0%
Weibull Unrestricted 0.0% 0.0%

Pw. Exp. Unrestricted 0.0% 0.0%
Exponential Restricted 0.0% 0.0%




1.1.2 Overall Survival

Figure 63. Kaplan Meier estimates of OS for patients receiving blinatumomab and SOC from
propensity matched analysis of BLAST and historical control study, ATT weights
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Figure 64. Fit statistics all parametric distributions fit to OS for patients receiving
blinatumomab and SOC from propensity matched analysis of BLAST and historical control
study, ATT weights
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Figure 65. Treatment effect counterfactual plots for OS for patients receiving blinatumomab
and SOC from propensity matched analysis of BLAST and historical control study, ATT

weights
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Figure 66. Schoenfeld residuals for OS for patients receiving blinatumomab and SOC from
propensity matched analysis of BLAST and historical control study, ATT weights
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Figure 67. Survival probabilities to 12 years for all parametric distributions fit to OS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST and
historical control study, ATT weights
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Figure 68. Survival probabilities to 50 years for all parametric distributions fit to OS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST and

historical control study, ATT weights
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Table 91. Estimated cure fractions for all parametric distributions fit to OS for patients
receiving blinatumomab and SOC from propensity matched analysis of BLAST and historical
control study, ATT weights

Distribution Type Blinatumomab SOoC
RCS Log-Logistic Restricted 0.0% 0.0%
RCS Weibull Restricted 0.0% 0.0%

RCS Lognormal Restricted 0.0% 0.0%
Lognormal Non-Mixture Cure 39.1% 19.9%
Lognormal Mixture Cure 45.3% 21.3%
Gen. Gamma Restricted 0.0% 0.0%
Lognormal Restricted 0.0% 0.0%

Gen. F Restricted 0.0% 0.0%
Lognormal Non-Mixture Cure + Restricted 34.3% 20.4%
Gamma Non-Mixture Cure 36.0% 17.4%
Lognormal Mixture Cure + Restricted 37.8% 21.8%
Lognormal Unrestricted 0.0% 0.0%
Log-Logistic Restricted 0.0% 0.0%




RCS Log-Logistic Unrestricted 0.1% 0.0%
RCS Weibull Unrestricted 0.0% 0.0%
Gompertz Restricted 37.5% 19.9%
RCS Lognormal Unrestricted 0.0% 0.0%
Lognormal Non-Mixture Cure + Unrestricted 45.3% 19.3%
Gamma Non-Mixture Cure + Restricted 28.8% 16.8%
Lognormal Mixture Cure + Unrestricted 46.6% 21.0%
Weibull Non-Mixture Cure 42.8% 23.8%
Gen. Gamma Unrestricted 0.1% 0.0%
Log-Logistic Unrestricted 0.0% 0.0%
Gompertz Unrestricted 27.5% 20.5%
Weibull Mixture Cure 46.8% 24.9%
Weibull Non-Mixture Cure + Restricted 45.0% 23.7%
Gen. F Unrestricted 0.3% 0.0%
Weibull Non-Mixture Cure + Unrestricted 52.5% 23.3%
Weibull Mixture Cure + Restricted 43.5% 25.0%
Gamma Mixture Cure + Unrestricted 20.8% 0.0%
Pw. Exp. Unrestricted 0.0% 0.0%
Weibull Mixture Cure + Unrestricted 53.0% 24.5%
Exponential Restricted 0.0% 0.0%
Weibull Restricted 0.0% 0.0%
Weibull Unrestricted 0.0% 0.0%




1.2 Relapse-Free and Overall Survival Using ATE Weights

1.2.1 Relapse-Free Survival

Figure 69. Kaplan Meier estimates of RFS for patients receiving blinatumomab and SOC from

propensity matched analysis of BLAST and historical control study, ATE weights
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Figure 70. Fit statistics for parametric survival distributions fit to RFS for patients receiving
blinatumomab and SOC from propensity matched analysis of BLAST and historical control

study, ATE weights
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Figure 71. Treatment effect counterfactual plots for RFS for patients receiving blinatumomab
and SOC from propensity matched analysis of BLAST and historical control study, ATE
weights
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Figure 72. Schoenfeld residual plots for RFS for patients receiving blinatumomab and SOC
from propensity matched analysis of BLAST and historical control study, ATE weights
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Figure 73. Survival probabilities to 12 years for all parametric survival distributions fit to RFS
for patients receiving blinatumomab and SOC from propensity matched analysis of BLAST
and historical control study, ATE weights
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Figure 74. Survival probabilities to 50 years for all parametric survival distributions fit to RFS
for patients receiving blinatumomab and SOC from propensity matched analysis of BLAST
and historical control study, ATE weights

Lognormal (U) Weibull Non-Mixture (Cure)
104 1

o8] &
0.6
sl "‘..l .:'I .................................................................
0.24 "'-_ - oo - SRRECIERY BRI TOOR RN S NGNS K5 SN P O [ e

0.0

180 240 300 360 420 480 540 600 O 60 120 180 240 300 360 420 480 540 600

o4
(=13
o
n
o

Gompertz (U) RCS Weibull (R)

101 4 1

064 |

0.4+ 1‘,‘ - 50 A 0 W Y A o "-._‘

0.2+ k- NI A O O o ."-‘___._‘“-. T e ek v P O N LR

0.0

o4

180 240 300 360 420 480 540 600 60 120 180 240 300 360 420 480 540 600
Lognormal Mixture (Cure) Gamma Non-Mixture (Cure)

o4
@
=1
b=}

| !
S E i
)0.8' X "
w 1
G 0.6+ |
= W R ET T owe S R U S U S S S S [ S (o Y | e S S G
EM_ ..........................................
© 0.2-
0.0+
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600
Weibull Non-Mixture (Cure + R) Lognormal Mixture (Cure + Ind)
1.091 1
o] i

0.01

o4
[=2]
o
X
L.
o

240 300 360 420 480 540 600 180 240 300 360 420 480 540 600
Lognormal Non-Mixture (Cure + Ind) Log-Logistic (U)

o4
(=]
(=]
[xg
o
®
(=]

| i
i
02{ | e e

0.0+

180 240 300 360 420 480 540 600 O 60 120 180 240 300 360 420 480 540 600
Months

o4
o
o
-
)
o

Distribution — Kaplan-Meier ---- Parametric  Treatment — Blincyto — SOC



RCS Log-Logistic (U) Gen. Gamma (U)
1.09 1
osf &
\ 4
0.4 b .
b 7"
0.24 R
) e O e v i | T 0 i s i e
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600
RCS Weibull (U) RCS Lognormal (U)
1.0 1 1
osf &
06 1" i
1 i
044 % \
0-2’ x T
0.0
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600
Weibull Mixture (Cure + R) Weibull Mixture (Cure)
1.04 |
o Y i
5 .08 | g
= W 1) -
i B B
5 064 | i
= t %
= 04 ! Y
(1] %
¥l -.,
e [ - B e e L LS e EE R E L e et E St SRRt SEE N ] B e et T E T TR T PP PR P e
o
0.0
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600
‘Gamma Mixture (Cure) Weibull Non-Mixture (Cure + Ind)
1.0 E h
087 &
064 |~ i
i» ------- E 2y,
044 T e e e e e
0.2 T W I I D M T e U T o R L AU S, S O M O I
0.0
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600
Weibull Mixture (Cure + Ind) Gen. F (U)
1.0 i 1
osf | i
13 ]
0.44 -.“ ............................................................... ‘,“ ——
0.2- Pramemaeees o S T i RS I
O‘O- T T T T T T T T T T T T T T T T T T T T T T
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600

Months

Distribution — Kaplan-Meier ---- Parametric

Treatment — Blincyto — SOC



0.81

0.61

0.44

Probability of Event

064

Weibull (R)

Weibull (U)

0.24

0.04

T ™ T
0 60 120 180 240 300

.t'. 2 T s r : ™ ' T
420 480 540 600 O

T T ™ T .”I"
60 120 180 240 300

540 600

Pw. Exp.

Exponential

0.84

0.24

0.0

0 60 120 180 240 300

420 480 540 600 O

Months

Distribution — Kaplan-Meier ---- Paramelric

Treatment

60 120 180 240 300

Blincyto — SOC

540 600

Table 92. Estimated cure fractions for all parametric survival distributions fit to RFS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST and
historical control study, ATE weights

Distribution Type Blinatumomab SOoC
Lognormal Restricted 0.0% 0.0%

Gen. Gamma Restricted 0.0% 0.0%
RCS Log-Logistic Restricted 0.0% 0.0%
RCS Lognormal Restricted 0.0% 0.0%
Gompertz Restricted 49.9% 20.4%
Lognormal Non-Mixture Cure 36.0% 11.0%
Lognormal Mixture Cure + Restricted 19.0% 16.2%
Lognormal Non-Mixture Cure + Restricted 15.8% 13.4%
Gen. F Restricted 0.0% 0.0%
Log-Logistic Restricted 0.0% 0.0%
Lognormal Unrestricted 0.0% 0.0%
Weibull Non-Mixture Cure 48.2% 19.7%
Gompertz Unrestricted 37.6% 21.4%

RCS Weibull Restricted 0.0% 0.0%
Lognormal Mixture Cure 44.4% 14.3%
Gamma Non-Mixture Cure 40.8% 14.2%
Weibull Non-Mixture Cure + Restricted 26.7% 20.9%
Lognormal Mixture Cure + Unrestricted 12.9% 16.4%




Lognormal Non-Mixture Cure + Unrestricted 12.9% 13.5%
Log-Logistic Unrestricted 0.0% 0.0%
RCS Log-Logistic Unrestricted 0.0% 0.0%
Gen. Gamma Unrestricted 0.0% 0.0%
RCS Weibull Unrestricted 0.0% 0.0%
RCS Lognormal Unrestricted 0.0% 0.0%
Weibull Mixture Cure + Restricted 24.2% 21.5%
Weibull Mixture Cure 49.8% 20.9%
Gamma Mixture Cure 46.6% 17.0%
Weibull Non-Mixture Cure + Unrestricted 41.2% 20.8%
Weibull Mixture Cure + Unrestricted 42.8% 21.3%
Gen. F Unrestricted 0.0% 0.0%
Weibull Restricted 0.0% 0.0%
Weibull Unrestricted 0.0% 0.0%

Pw. Exp. Unrestricted 0.0% 0.0%
Exponential Restricted 0.0% 0.0%




1.2.2 Overall Survival

Figure 75. Kaplan Meier estimates of OS for patients receiving blinatumomab and SOC
from propensity matched analysis of BLAST and historical control study, ATE weights
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Figure 76. Fit statistics all parametric distributions fit to OS for patients receiving
blinatumomab and SOC from propensity matched analysis of BLAST and historical
control study, ATE weights
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Figure 77. Treatment effect counterfactual plots for OS for patients receiving
blinatumomab and SOC from propensity matched analysis of BLAST and historical
control study, ATE weights
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Figure 78. Schoenfeld residuals for OS for patients receiving blinatumomab and SOC from
propensity matched analysis of BLAST and historical control study, ATE weights
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Figure 79. Survival probabilities to 12 years for all parametric distributions fit to OS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST

and historical control study, ATE weights
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Figure 80. Survival probabilities to 50 years for all parametric distributions fit to OS for
patients receiving blinatumomab and SOC from propensity matched analysis of BLAST
and historical control study, ATE weights
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Table 93. Estimated cure fractions for all parametric distributions fit to OS for patients
receiving blinatumomab and SOC from propensity matched analysis of BLAST and
historical control study, ATE weights

Distribution Type Blinatumomab SocC
RCS Log-Logistic Restricted 0.0% 0.0%
RCS Lognormal Restricted 0.0% 0.0%
Gen. Gamma Restricted 0.0% 0.0%
RCS Weibull Restricted 0.0% 0.0%
Gen. F Restricted 0.1% 0.0%
Lognormal Non-Mixture Cure 34.3% 20.9%
Lognormal Restricted 0.0% 0.0%
Lognormal Non-Mixture Cure + Restricted 13.1% 22.3%




Lognormal Mixture Cure 37.4% 22.4%
Lognormal Unrestricted 0.0% 0.0%
Lognormal Mixture Cure + Restricted 3.6% 23.5%
RCS Log-Logistic Unrestricted 0.0% 0.0%
RCS Lognormal Unrestricted 0.0% 0.0%
Gamma Non-Mixture Cure 25.4% 13.7%
RCS Weibull Unrestricted 0.0% 0.0%
Gamma Non-Mixture Cure + Restricted 4.2% 9.7%
Gen. Gamma Unrestricted 0.0% 0.0%
Gamma Mixture Cure 17.6% 0.0%
Lognormal Non-Mixture Cure + Unrestricted 28.1% 21.6%
Log-Logistic Restricted 0.0% 0.0%
Gamma Mixture Cure + Restricted 0.0% 0.0%
Lognormal Mixture Cure + Unrestricted 26.7% 22.9%
Gompertz Restricted 33.5% 21.9%
Log-Logistic Unrestricted 0.0% 0.0%
Gompertz Unrestricted 0.0% 24.0%
Weibull Non-Mixture Cure 37.3% 25.0%
Gen. F Unrestricted 0.0% 0.0%
Weibull Non-Mixture Cure + Restricted 0.0% 25.8%
Gamma Mixture Cure + Unrestricted 0.0% 0.0%
Pw. Exp. Unrestricted 0.0% 0.0%
Weibull Mixture Cure 38.4% 26.4%
Weibull Non-Mixture Cure + Unrestricted 36.2% 25.3%
Weibull Mixture Cure + Restricted 0.0% 27.1%
Weibull Mixture Cure + Unrestricted 36.6% 26.3%
Weibull Unrestricted 0.0% 0.0%
Weibull Restricted 0.0% 0.0%
Exponential Restricted 0.0% 0.0%




Figure 10. RFS without censoring at allogeneic HSCT and post-BLINCYTO chemotherapy

1.0+ = P patients (N = 110); Median (5% CI) 18.9 (12.3-352)
0.8-
0.7+
0.6
05-
0.4 Ll A1 Ll |
034
02
0.1

U0 Number of Patients at Risk:
110 97 82 75 68 B3 49 37 M 27 M 1w 8 T B 3 3 1 0

0 3 & 98 12 15 18 2 24 237 W I3 W W 42 45 48 51 54
Study Month

Relapse-free
Survival Probability




Figure 13. OS in BLAST without censoring at allogeneic HSCT and post-BLINCYTO chemotherapy
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Single Technology Appraisal (STA)

Blinatumomab for acute lymphoblastic leukaemia for people with minimal residual
disease activity in remission [ID1036]

Dear Gavin and Kawitha,

The Evidence Review Group, ScCHARR, and the technical team at NICE have looked at the
submission received on 31 October 2017 from Amgen. 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 7 December

2017. Your response and any supporting documents should be uploaded to NICE Docs:
https://appraisals.nice.org.uk/request/38852

Two versions of this written response should be submitted; one with academic/commercial in
confidence information clearly marked and one from which this information is removed.

Please underline all confidential information, and separately highlight information that is
submitted under ‘commercial in confidence’ in turquoise, and all information submitted under
‘academic in confidence’ in yellow.

If you present data that is not already referenced in the main body of your submission and
that data is seen to be academic/commercial in confidence information, please complete the
attached checklist for in confidence information.

Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this
may result in your information being displaced or unreadable.

If you have any queries on the technical issues raised in this letter, please contact Sana
Khan, Technical Lead (Sana.Khan@nice.org.uk). Any procedural questions should be
addressed to Thomas Feist, Project Manager TACommA@nice.org.uk.

Yours sincerely
Eleanor Donegan
Technical Advisor — Appraisals

Centre for Health Technology Evaluation

Encl. checklist for in confidence information
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Section A: Clarification on effectiveness data

Scope/General

A1. PRIORITY. Please provide the proposed wording of the marketing authorisation for
blinatumomab for the indication under appraisal.

A2. PRIORITY. Company submission (CS), Table 1 decision problem, page 15. The CS states
“Although the cost effectiveness evidence does not consider the Ph+ population or later
remission states, due to the substantial unmet need across all sub-populations, blinatumomab
should be considered for use in alignment with its full anticipated marketing authorisation.”
e Please comment on the expected clinical effectiveness and cost-effectiveness of
blinatumomab for patients in second or subsequent haematological CR.
e Please comment on the expected clinical effectiveness and cost-effectiveness of
blinatumomab for patients with Ph+ disease.

A3. PRIORITY. Please clarify why the dosing regimen in the licence authorisation is 28ug/day,
given that the dosage employed in BLAST was 15ug/ms.

A4. Please provide a PDF file of the following reference (reference 5 in CS)

Gokbuget N, Dombret, H., Bonifacio, M., Reichle, A., Graux, C., Havelange, V., Buss, E. C.,
Faul, C., Bruggemann, M., Ganser, A., Stiegimaier, J., Wessels, H., Haddad, V., Zugmaier,
G., Nagorsen, D., & Bargou, R. C. BLAST: A Confirmatory, Single-Arm, Phase 2 Study of
Blinatumomab, a Bispecific T-Cell Engager (BiTE®) Antibody Construct, in Patients with
Minimal Residual Disease B-Precursor Acute Lymphoblastic Leukemia (ALL). Blood
2014;124:379.

Literature searching

A5. Company submission, Appendix D Identification, selection and synthesis of clinical
evidence:

¢ The searches were last conducted on 19th May 2017. Please update the search and
confirm that no relevant studies have been found since then.

e Please state the exact dates and terms used to search for conference proceedings.

e Table 73, page 186: Other limits/considerations used in the study selection process
across the clinical efficacy/safety SLR suggests that registries were searched. If trial
registries were searched, please state the source including search strategies. Please
give reasons if trial registries were not searched.

e Given that no adverse event studies were identified for blinatumomab for treatment of
acute lymphoblastic leukaemia (ALL) with minimal residual disease from the searches
presented in Appendix C, please explain why separate adverse events searches were
not carried out for blinatumomab only (for information, searches for blinatumomab
gives 233 records in PubMed alone).

Systematic review process

A6. Company submission, Appendix D, page 183. Please clarify why three articles were
excluded (Figure 46, page 188) for not evaluating treatment of interest, when the inclusion
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criteria (Table 72, page 185) does not exclude any interventions. Also, given that there is so
little evidence available for blinatumomab, please explain why studies with less than 10
patients were excluded.

A7. Company submission, Appendix D, page 183. Please confirm how many reviewers
conducted data extraction and quality assessment?

Comparative effectiveness

A8 PRIORITY. Company submission, section B.2.9.4, page 70. With respect to the inverse
probability of treatment weighting (IPTW) approach used for propensity score adjustment:

e Please justify why this method has been used over other possible methods that use
observational data to inform treatment effectiveness.

o Please clarify how the assumption of selection on observables was assessed.

e Please clarify how the assumption of overlap between the two studies was assessed.
Is this considered to be justified for average treatment effect (ATE) and average
treatment effect on the treated (ATT) weights?

e Asubgroup of BLAST (n=73), was used to estimate comparative effectiveness. Please
clarify why each of the listed criteria was required (as opposed to using the whole
BLAST trial population).

o Please clarify whether the assumption of ignorability of treatment is considered to be
justified for ATE and ATT weights.

A9 PRIORITY. Company submission, section B.2.9.4, page 71. Candidate variables for the
propensity score model are provided. Please also provide the final used model.

A10. Company submission, figures 17 and 18, pages 74 and 75. The included figures indicate
time from randomisation to event. Please clarify whether the figures and related statistics
relate to time from first blinatumomab treatment for BLAST patients and 14 days after the MRD
baseline date for patients from the historical comparator study 20120148.

A11 PRIORITY. Company submission, appendix L, pages 216. The start date for time to event
outcomes was defined as “14 days after the MRD baseline date for 20120148 patients and
the date of the first blinatumomab treatment for BLAST patients”
e Please justify why the median time from MRD detection to first blinatumomab dose is
the most appropriate cut-point to use
e Please provide further statistics for this variable e.g. what was the range of values
observed for the time between MRD detection and first blinatumomab dose?
How many RFS/OS events occurred during the first 14 days, leading to exclusion from the
historical control data set?

A12. Please provide details of prior ALL treatments received by patients in the BLAST study.
A13. Company submission, page 67. Please clarify whether the historical control study
included patients treated in years 2000-2017 (as suggested in the CS), or 2000-2014 (as
suggested in the Observational Study Report).

A14. Company submission, section B.2.9.3, page 68. Please clarify why Ph+ patients and
CR2+ patients were not included in the historical control study.
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A15. Company submission, section B.2.9.3, page 68. Please provide details of any peer
reviewed published data from the historical control study. If none are available, please provide
further details regarding the study design and enrolment procedures.

A16. Company submission, Appendix D, Figure 47, page 195. Please modify the figure to
include the reasons for not enrolling 95 patients out of the total of 211 patients who were
screened.

Section B: Clarification on cost-effectiveness data

Literature searching

B1. Company submission, appendix D, page 183. Published cost effectiveness studies. Given
that no cost-effectiveness studies were identified for ALL with minimal residual disease from
the searches contained in Appendix C, please explain why separate cost-effectiveness
searches were not carried out for ALL only i.e. ALL terms combined with an economic
evaluations study design filter.

B2. Company submission, appendix D, Table 71, page 185: York Centre for Reviews and
Dissemination search algorithm — page 183 of appendix D states that “these databases were
searched via the EMBASE®, PubMed, Cochrane Library and York Centre for Reviews and
Dissemination”. Table 71 shows ALL terms combined with costs/economic terms, but this is
not consistent across the other relevant databases i.e. EMBASE®, PubMed, Cochrane Library
where it is ALL+MRD and not ALL+ costs/economic terms. Please comment on the likelihood
that no economic evaluations have been missed as a consequence of this approach.

B3. Company submission, appendix E, page 198. HRQoL studies. Given that no HRQoL
studies were identified for ALL with minimal residual disease from the searches contained in
Appendix C, please explain why a separate HRQoL search was not carried out for ALL only
i.e. ALL terms combined with HRQoL terms?

Survival modelling

B4. PRIORITY. Company submission, section B.3.3. pages 93-116. Five model types have
been applied within the CS (Unrestricted, Restricted, Restricted Cubic Spline, Mixture cure,
and Non-Mixture cure). For the general case, and the best fitting model in each category (e.g.
Gompertz for unrestricted)

o Please provide mathematical equations for the model. For example, for the Gompertz
unrestricted model, please provide the regression equation “including treatment -group
interaction terms for every distributional parameter”.

Please provide the code and output showing how these models have been fitted in the relevant
software package (i.e. flexsurv in R for the parametric models, STATA for the cure models)

B5. PRIORITY. Company submission, section B.3.3, pages 93-116. Please clarify why the
lognormal mixture cure model (and presumably every other mixture cure model fitted) does
not include the expected mortality for the cured fraction (see Lambert, The Stata Journal,
2007, 7(3) i.e. the source of the STATA procedures cited in the CS). Please also comment on
the potential bias associated with estimating survival probabilities for cured patients based on
a fixed model start age rather than the observed distribution of patient age within the clinical
studies.
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B6. PRIORITY. Company submission, section B.3.3. pages 93-116. Please explain the
conceptual implications of selecting a cure model for OS but not for RFS. How can patients
who are cured in terms of OS still experience relapse according to RFS?

B7. PRIORITY. CS, Section B.3.3. pages 93-116. Please explain whether and how clinical
judgement was used to inform the selection of the parametric functions for RFS and OS in the
model.

B8. PRIORITY. Company submission, section B.3.3. pages 93-116. Please provide complete
sensitivity analyses which include all combinations of functional forms for RFS and OS
(assuming same curve type for each treatment group). Please ensure that this analysis does
not exclude combinations of OS and RFS where the RFS and OS curves cross (in such
instances, please constrain RFS to the minimum of RFS and OS). Please report the results of
these analyses in the form of a table including incremental QALYs, incremental costs and
ICERSs for each comparison.

B9. Company submission, section B.3.3.1, Figure 23 (page 98), figure 30(page 104), appendix
P, figure 58 and 64. Please provide model fit statistics (BIC) in a table rather than a line graph.

B10. Company submission, section B.3.3.1, Table 35, page 94. The CS refers to “unrestricted”
parametric models which the ERG understands to mean fitting separate models to each
treatment group without the inclusion of a treatment effect parameter (a hazard ratio or a
constant acceleration factor), or otherwise relaxing this restriction as implemented in the CS
through the inclusion of the interaction terms. However, Table 35 includes a tick mark for an
HR or AF in the “treatment effect” column for unrestricted models. Please clarify.

B11. Company submission, section B.3.3.1, page 95. Please clarify why 8% of people
receiving standard of care (SoC) are assumed to achieve MRD response, given that the
clinicians consulted suggested this was “no greater than 10%".

B12. Company submission, section B.3.3.1, page 95-97. In 4 sentences or less, and using
non-technical language, please explain what the analysis using the Berry external data mean.

B13. Company submission, section B.3.3.1, page 95-97. Please provide a comparison of the
matched OS data to the Berry data, in the same way as was presented for the RFS data (see
page 97). These data are discussed but not presented in the CS.

B14. Company submission, section B.3.3. pages 93-116. Given that the application of a
treatment effect parameter to a baseline curve will always be more restrictive than fitting
independent curves to each treatment group, please explain why the decision to adopt or not
adopt a joint model (including a treatment covariate) was not made a priori. Also, please
explain why the decision to adopt or not adopt an explicit cure-based model was not made a
priori.

B15. Company submissionS, section B.3.3.1, page 100. Does the “floor” for the RFS hazard
use the general population mortality, or is this weighted by the 4-fold increase? If it is weighted,
please comment on the appropriateness of this approach given that a proportion of patients
do not receive HSCT?

www.nice.org.uk | nice@nice.org.uk




NIC

National Institute for
Health and Care Excellence

Level 1A
City Tower
Manchester
M1 4BT

United Kingdom

+44 (0)845 003 7780

B16. Company submission, section B.3.3.1, Tables 37, 40, 41, 42, 43, and 44. Please explain
what is meant by “moderate”, “good”, and “poor” for all columns in which these subjective
judgements appear. For example what does “moderate” treatment effect mean? In addition,
please explain how the grading of each of these columns affected your choice of parametric

survival model and clarify who made these judgements.

B17. Company submission, section B.3.3, figure 31(page 104). . Please provide reasons why
curves have been excluded from consideration within this figure and explain why the data
shown do not match those presented in Figure 30.

B18. Company submission, section B.3.3. page 103. Please clarify why OS curves which
crossed RFS were excluded from further consideration when an alternative explanation of why
the curves were crossing was that people were not relapsing in this period of the
extrapolation? Please also clarify why, given this argument, the model still applies a logical
consistency constraint which minimises RFS when the hazard exceeds that of the OS survivor
function. Please also clarify the logic of this model selection criterion given that the base case
PSA includes a proportion of samples where the RFS and OS curves cross.

HRQoL

B19. PRIORITY. Company submission, section B.3.4 (page 116). Please provide further
details regarding the GLM/GEE model:

a. Were other statistical model forms considered?

b. Was there any control for clustering?

C. What was the distribution family for the data and link function of the GLM/GEE?

d. Please clarify why HSCT status was not included as a covariate in the GLM/GEE?

B20. PRIORITY. Company submission, section B.3.4 (page 116). Please provide further
details regarding the post-relapse EQ-5D estimates from BLAST. This should be presented
as a table which includes the number of observations and the mean utility post-relapse at each
timepoint.

B21. Company submission, section B.3.4, Table 47 (page 120). Please clarify why the age-
adjusted utility formula published by Ara and Brazier (Value in Health, 13(5), Figure 2) was
not used.

Costs

B22. PRIORITY. Company submission, section B.3.5.4, page 128. Please clarify with details
why the online survey responses demonstrated that some of the evidence survey respondents
did not understand the exercise. Please clarify why only 2 experts were used to estimate
health care resource use.

B23. Company submission, section B.3.5, Table 49, page 122-123. Please provide the source
for the cost of a pump applied in the model.

B24. Company submission, section B.3.5, page 122. Please clarify whether the economic
analysis accounts for the days that a pump was not allocated to a person receiving
blinatumomab within its 5-year lifespan.

www.nice.org.uk | nice@nice.o

rg.uk




NIC

National Institute for
Health and Care Excellence

Level 1A
City Tower

Manchester

M1 4BT

United Kingdom

+44 (0)845 003 7780

B25. Company submission, section B.3.2.2, page 89. The model assumes there are no
disease-related costs after 5 years. Please justify this assumption

B26. Company submission, section B.3.5.4, page 126. Please provide the filename in the
reference pack, a PDF or clear web link to reference 105 of the CS.

B27. Company submission, section B.3.5.4, page 127. Given the differences between the
populations under appraisal, please comment on the appropriateness of taking the costs of
salvage therapy from the previous STA of blinotumomab for people with previously treated B-
precursor acute lymphoblastic leukaemia.

B28. Company submission, section B.3.5.4, page 127. Please provide a source for the 37%
of people who receive first-line salvage therapy who go on to receive second-line salvage
therapy. What was the time to second-line salvage therapy (for those who received this
treatment) used in this model.

B29. Company submission, section B.3.5.4, page 127. Please comment on the
appropriateness of assuming that the same chemotherapy regimen is given upon a second
relapse in the population who receive salvage therapy?

Model

B30. PRIORITY. Company submission, section B.3.2, page 86. Given the need to track HSCT
in order to estimate both costs and health outcomes, please clarify why the model has been
implemented as a partitioned survival model rather than a state transition model.

B31. PRIORITY. Model. Please explain how to use the model to estimate the total number of
HSCTs pre-relapse and post-relapse over the lifetime of the model cohort.

B32. PRIORITY. Model, “Blin Calc” worksheet, GQ9:HW129 & Model, “SOC Calc” worksheet,
GQ9:HW129 Please clarify the logic of all calculations used to approximate HSCT receipt and
it's associated treatment over time.

B33. PRIORITY. Model, “Cost Inputs” worksheet, F109:F110. Please clarify the time period
for which the probability of receiving HSCT upon relapse (stratified by prior HSCT status) was
calculated.

B34. Company submission, section B.3.6, Table 55, page 131. Please clarify why the PSA
does not include any uncertainty around MRD response for the SoC group. Please also clarify
why the PSA does not include any uncertainty around the proportion of RFS events that are
deaths.

B35. Company submission, section B.2.6.1, page 59 and company submission, section
B.2.9.2, Table 27, pages 67-68. Given the importance attributed to the 100-day mortality
associated with HSCT in the clinical section of the CS, please clarify why this effect was not
explicitly included in the health economic model.

B36. Company submission, section B.3.5.4, page 126. Please clarify whether the 38.4% of
people in the SoC arm receiving HSCT after 4 years refers only to the post-matching
population.
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B37. Company submission, section 3.5.4, page 126. Why were data on post-relapse HSCT
not available in either BLAST or the historical control study?

B38. Company submission, section 3.5.4, page 126. If you haven’t done so in response to a
previous question, please clarify how the probabilities that a patient received HSCT upon
relapse were calculated from the data in BLAST and Clinicaltrials.gov: NCT02003612.

B39. Company submission, page 127. Please clarify how the £16,175 per line of salvage
chemotherapy was calculated. In the publicly available CS associated with the referenced
FAD (Amgen Ltd, Blinatumomab for previously treated B precursor acute lymphoblastic
leukaemia: Company evidence submission, page 164, Table 5-15) only a cost of £13,438 per
cycle of FLAG-IDA was available.

B40. Model, “Blin Calc” worksheet, cells EQ9:EQ12. Please clarify why the daily pro-rated
pump cost and the annual maintenance cost of the pump divided by 365 are applied to the
number of outpatient treatment days (cells EC9:EC12) rather than the number of days within
a treatment cycle.

B41. Model, “PSA Bootstrap Inputs” worksheet & Model, “PSA Results” worksheet, cell E4.
Please clarify why fewer bootstrap samples of the parametric distribution parameters are
included compared with the PSA samples (1,000 bootstrap samples versus 10,000 PSA
samples).

B42. Model, “Blino calcs” worksheet, columns AM: AN. The (uplifted) general probability of
death is greater than 1.0 for later ages. Please comment.

B43. Model, “PSA Inputs” worksheet, 1104:1122. Please clarify how the standard errors for the
calibrated 6 monthly probabilities of receiving HSCT pre-relapse were calculated.

B44. Model, “Blino calcs” worksheet, columns AW and BA. The mortality probability does not
change at the integer age. Please clarify.

EoL

B45. Company submission, section B.2.9.4, page 75 and Company submission, section
B.2.13.3, Table 32, page 85. Please explain why the OS figures are quoted based on the
matched population of the historical control rather than the unweighted data from this source?
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Single Technology Appraisal (STA)

Blinatumomab for acute lymphoblastic leukaemia for people with minimal residual
disease activity in remission [ID1036]

Dear Gavin and Kawitha,

The Evidence Review Group, SCHARR, and the technical team at NICE have looked at the
submission received on 31 October 2017 from Amgen. 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 7 December

2017. Your response and any supporting documents should be uploaded to NICE Docs:
https://appraisals.nice.org.uk/request/38852

Two versions of this written response should be submitted; one with academic/commercial in
confidence information clearly marked and one from which this information is removed.

Please underline all confidential information, and separately highlight information that is
submitted under ‘commercial in confidence’ in turquoise, and all information submitted under
‘academic in confidence’ in yellow.

If you present data that is not already referenced in the main body of your submission and
that data is seen to be academic/commercial in confidence information, please complete the
attached checklist for in confidence information.

Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this
may result in your information being displaced or unreadable.

If you have any queries on the technical issues raised in this letter, please contact Sana
Khan, Technical Lead (Sana.Khan@nice.org.uk). Any procedural questions should be
addressed to Thomas Feist, Project Manager TACommA@nice.org.uk.

Yours sincerely
Eleanor Donegan
Technical Advisor — Appraisals

Centre for Health Technology Evaluation

Encl. checklist for in confidence information
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Dear Eleanor,

We wanted to take the opportunity to thank the NICE Technical Team and ScHARR for their review
of our submission and the clarification questions asked. We have endeavoured to answer all
queries as fully as possible in the timescale permitted and have provided our responses below.

In addition to this document, we have also provided supporting documentation (word documents,
excel files, model code) which | have summarised below.

e QAG6 — a separate word document has been provided with an updated table of all excluded
articles in the systematic literature review

e QB4 -the code used to generate the survival distributions has been provided in a separate
file. A separate excel workbook has also been provided with formulas used for all
distributions and detailed descriptions regarding the labelling of descriptions.

o QB8 - the requested sensitivity analyses have been provided in a separate excel workbook

e QB26 - the required reference has been provided as a PDF

Further to this, we have provided a copy of our original submitted model with inclusion of the
scenario analyses requested in QB8 as well as an updated version where have implemented some
changes in response to specific clarification questions:

e Mortality capped at 100% (QB35)

e Pump cost included for all days after first inpatient stay (QB24)
e Utilities applied from Ara & Brazier paper (QB21)

e Post-relapse allo-SCT not initiated after 5 years (QB33)

We are happy to address any further queries that may arise.
Kind regards

Gavin
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Section A: Clarification on effectiveness data
Scope/General

A1. PRIORITY. Please provide the proposed wording of the marketing authorisation for
blinatumomab for the indication under appraisal.

In alignment with the draft SPC (provided), the anticipated wording for the marketing
authorisation is as follows:

BLINCYTO is indicated for the treatment of adults with minimal residual disease (MRD)
positive B precursor ALL.

A2. PRIORITY. Company submission (CS), Table 1 decision problem, page 15. The CS states
“Although the cost effectiveness evidence does not consider the Ph+ population or later
remission states, due to the substantial unmet need across all sub-populations, blinatumomab
should be considered for use in alignment with its full anticipated marketing authorisation.”
e Please comment on the expected clinical effectiveness and cost-effectiveness of
blinatumomab for patients in second or subsequent haematological CR.

As stated in response to Question A1, the anticipated license for blinatumomab for the
treatment of MRD in patients with positive B precursor ALL is inclusive of latter remission
states (ie. CR2 +). In our submission dossier, we present cost-effectiveness results only in the
CR1 population (ie. patients in first complete remission), primarily for the following reasons:

e There was limited available evidence in this rare disease to inform estimates of
comparative efficacy and cost-effectiveness in latter remission states (please see
response to A14 for more information). When looking within the subset of blinatumomab-
treated subjects in CR2 in BLAST, MRD responders did experience benefit from
blinatumomab compared to non-responders (Table 1). However, it is also clear from the
clinical evidence available in BLAST (presented in our submission dossier) that subjects
in CR1 had a better outcome than subjects in CR2; unfortunately, in the absence of
robust comparative efficacy data in this small population it has not been possible to
evaluate the cost-effectiveness of blinatumomab specifically in CR2+ patients.

Table 1: Summary of OS and RFS for blinatumomab-treated patients in CR2 (BLAST)
CR2 Subpopulation, BLAST | MRD Responders MRD Non-Responders

RFS, median (months) - -
|| ||

OS, median (months)

e Feedback from UK clinical experts indicate that blinatumomab would be used as early as
possible in the treatment pathway, at first remission, thus the CR1 population represents
the most appropriate ICER for decision making. The recent approval of blinatumomab for
the treatment of relapsed/refractory B-cell Ph- ALL (NICE TA450) means that
blinatumomab is available as an option for patients who relapse and would likely be used
as early as possible at first salvage. We stated in our submission that blinatumomab in
the MRD setting should be considered for use in alignment with its full anticipated
marketing authorisation as this small population in later remission states currently has a
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significant unmet need; however, over time these patients should effectively be managed
with early blinatumomab use in the relapsed/refractory setting. Therefore, it is for patients
who are MRD+ in CR1 for whom there are no established treatment options available in
current clinical practice.

Indeed, in our submission we present a key scenario analysis whereby use of blinatumomab as
first salvage was included for patients who relapse on SoC chemotherapy (Table 2). We believe
this analysis would better reflect NICE guidance TA450 and UK clinical practice. As such we
consider this to be an alternative base case to the primary base case analysis which does not
include the use of blinatumomab for patients who relapse on SoC chemotherapy.

Table 2. Overview of key results from economic evaluation

Technologies | Total Total Incremental Incremental Incremental
costs (£) | QALYs costs (£) QALYs ICER (£/QALY)

Base Case Analysis

SoC I |

Blinatumomab | |l e 84,259 2.95 28,524

Alternative Base Case* — blinatumomab as salvage tx for SoC

SoC I |

Blinatumomab | |l e 33,473 1.91 17,420
Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life

years

These results suggest that the use of blinatumomab in patients with MRD+ B-precursor ALL is a
cost-effective use of healthcare resources with an ICER <£30k per QALY furthermore, when
considering use of blinatumomab as a first salvage therapy — aligned with NICE TA450 and
expected clinical practice — the ICER decreases below the £20k per QALY threshold. These
results are consistent with clinical opinion that treatment with blinatumomab should occur as
early as possible in the treatment pathway.

*Note: We have only presented the deterministic ICER for this key scenario analysis in our submission. Additional
results can be provided if required (eg. sensitivity analyses)

e Please comment on the expected clinical effectiveness and cost-effectiveness of
blinatumomab for patients with Ph+ disease.

Philadelphia chromosome-positive (Ph+) ALL is a genetically, biologically, and clinically distinct

subtype of B-cell precursor ALL. Treatment of Ph+ ALL patients who are resistant to or relapse
after first-line therapy remains challenging and outcomes remain poor.

In BLAST, patients with Ph+ ALL were excluded from the study if they were eligible for treatment
with TKis (ie, Philadelphia chromosome-positive patients with no documented treatment failure of
or intolerance/contraindication to at least 2 TKIs). In Study MT103-202, TKIs registered for
treatment of bcr-abl—positive B-lineage ALL were permitted as concomitant treatment. The
numbers of Philadelphia chromosome-positive subjects in both studies was small: a total of 10
subjects (MT103-202, n = 5; BLAST, n = 5).
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Sub-population analyses for the combined data from Studies MT103-202 and BLAST indicated
that the majority of subjects had an MRD complete response regardless of Ph status: 87% (107
of 123) of Philadelphia chromosome negative subjects and 70.0% (7 of 10) of Philadelphia
chromosome-positive subjects, who are the most difficult to treat subjects with poor prognoses.
Median RFS and duration of hematologic remission from Studies MT103-202 and BLAST was
shorter in subjects who were Philadelphia chromosome-positive; however, 95% Cls were
overlapping even though the number of Philadelphia chromosome-positive subjects included in
the studies was small.

As discussed in response to A14, Ph+ ALL patients were not included in the historical control
thus there was limited evidence available in this rare subpopulation to inform estimates of
comparative efficacy (estimated 15 eligible patients in UK). Although we recognise the challenge
of making a recommendation in a population without robust estimates of the cost-effectiveness,
this small population has a significant unmet need and has demonstrated comparable response
to the larger Ph- population for which the base case analysis addresses.

A3. PRIORITY. Please clarify why the dosing regimen in the licence authorisation is 28ug/day,
given that the dosage employed in BLAST was 15ug/ms-.

The rationale for the clinical dose selection for the treatment of MRD+ BCP-ALL is based on the
totality of pharmacokinetic (PK), pharmacodynamic (PD), efficacy, and safety information. For the
treatment of MRD+ BCP-ALL, the clinical dose tested in Studies MT103-202 (pilot) and MT103-
203 (BLAST) was 15 ug/m?/day for 4 weeks followed by a 2-week treatment-free period between
cycles. This regimen was found to be safe and effective in these two studies. Although an
equivalent fixed dose regimen of 28 ug/day was not directly tested in these clinical trials, similar
exposure levels were expected and had been demonstrated with either the body surface area
(BSA)-based dosing or fixed dosing at an equivalent dose in other studies regardless of
indications. This is supported by observed steady state concentration (Css) data, in which the PK
was evaluated over a BSA-based dose range from 5 to 90 ug/m?/day (Studies MT103-104,
MT103-202, MT103-203, and MT103-206) and over a fixed dose range from 9 to 112 ug/day
(approximately equivalent to 5 to 60 ug/m?/day; Studies MT103-211, 00103311, 20120216, and
MT103-208).

The recommended dose for the treatment of MRD-positive ALL is a clV infusion at 28 ug/day for 4
weeks followed by a 2-week treatment free period between cycles. This fixed dose regimen is
anticipated to be easier to implement in clinical practice compared to the equivalent BSA-based
dosing regimen.

A4. Please provide a PDF file of the following reference (reference 5 in CS)

Gokbuget N, Dombret, H., Bonifacio, M., Reichle, A., Graux, C., Havelange, V., Buss, E. C.,
Faul, C., Bruggemann, M., Ganser, A., Stieglmaier, J., Wessels, H., Haddad, V., Zugmaier,
G., Nagorsen, D., & Bargou, R. C. BLAST: A Confirmatory, Single-Arm, Phase 2 Study of
Blinatumomab, a Bispecific T-Cell Engager (BiTE®) Antibody Construct, in Patients with
Minimal Residual Disease B-Precursor Acute Lymphoblastic Leukemia (ALL). Blood
2014;124:379.

This reference refers to an oral abstract presented at the American Society of Hematology’s 56th
Annual Meeting, held December 6-9th 2014. A PDF is currently unavailable, but the abstract is
accessible online at the following address:
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http://www.bloodjournal.org/content/124/21/379/tab-article-info

Literature searching

A5. Company submission, Appendix D Identification, selection and synthesis of clinical
evidence:
e The searches were last conducted on 19th May 2017. Please update the search and
confirm that no relevant studies have been found since then.

We acknowledge that it is best practice to present the most contemporary searches to ensure
that all relevant evidence is captured, however we are confident that no further studies to inform
this submission have been published in the interim. Moreover, the timeframe for the conduct of
our searches (less than 6 months prior to submission) is consistent with previous submissions.

e Please state the exact dates and terms used to search for conference proceedings.
The searches were conducted on June 7th and 8th of 2017.

The American Society of Hematology (ASH), European Hematology Association (EHA),
American Society of Clinical Oncology (ASCO), and 2016 American Society for Blood and
Marrow Transplantation (ASBMT) conference proceedings are indexed in Embase; thus, the
same search terms implemented for the database search in Embase were used. For The
International Society for Pharmacoeconomics and Outcomes Research (ISPOR) and The
European Cancer Organisation (ECCO)/European Society for Medical Oncology (ESMO), search
terms for “acute lymphoblastic leukemia” or “acute lymphocytic leukemia” were used, and all
resulting hits were reviewed. The website for the 2017 ASBMT conference was not easily
searchable, so search terms for “MRD” or “minimal residual disease” were used in this case.

e Table 73, page 186: Other limits/considerations used in the study selection process
across the clinical efficacy/safety SLR suggests that registries were searched. If trial
registries were searched, please state the source including search strategies. Please
give reasons if trial registries were not searched.

We searched the following clinical trial registries, which are considered to be the most
extensively indexed:

e ClinicalTrials.gov (http://www.clinicaltrials.gov/)

e World Health Organization International Clinical Trials Registry Platform
(http://www.who.int/ictrp/en/)

The registries were searches using the following terms: “acute lymphoblastic leukemia” or “acute
lymphocytic leukemia” and searches were conducted on June 7th and 8th 2017.

e Given that no adverse event studies were identified for blinatumomab for treatment of
acute lymphoblastic leukaemia (ALL) with minimal residual disease from the searches
presented in Appendix C, please explain why separate adverse events searches were
not carried out for blinatumomab only (for information, searches for blinatumomab
gives 233 records in PubMed alone).
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Currently, there is still debate concerning the capacity of clinical studies (randomised controlled

trials and observational studies) to yield reliable quantitative estimate of adverse reactions.
However, adverse events were reported in the BLAST and are included in Section B.2.10 of the
submitted dossier. As is consistent with best practice methods,? the primary source of adverse
events for HTA assessors is regulatory authorities’ documentation (EPAR).3

As such, we did not conduct a search systematic search specifically for adverse events.
Systematic review process

A6. Company submission, Appendix D, page 183. Please clarify why three articles were
excluded (Figure 46, page 188) for not evaluating treatment of interest, when the inclusion
criteria (Table 72, page 185) does not exclude any interventions. Also, given that there is so
little evidence available for blinatumomab, please explain why studies with less than 10
patients were excluded.

We acknowledge that the 3 studies excluded due to treatment was an error, and these studies
have been re-assessed for inclusion in the review. All 3 studies were excluded for including an
irrelevant population.

Please see the accompanying document included in our response for the updated table of
excluded studies.

We applied a limit of 10 patients in order to identify the most robust studies to inform decision
making. This is consistent with our previous submissions and was intended to exclude ‘case-
series’ which are especially vulnerable to selection bias. However, we have re-appraised all
studies excluded by this limit and found no additional relevant studies.

A7. Company submission, Appendix D, page 183. Please confirm how many reviewers
conducted data extraction and quality assessment?

To clarify, data extraction and quality assessment was performed according to NICE
requirements; two reviewers independently extracted the data and performed the quality
assessment. Disputes were resolved by a third and more senior reviewer.

Comparative effectiveness

A8 PRIORITY. Company submission, section B.2.9.4, page 70. With respect to the inverse
probability of treatment weighting (IPTW) approach used for propensity score adjustment:
o Please justify why this method has been used over other possible methods that use
observational data to inform treatment effectiveness.

Propensity score methods were applied to control for key prognostic factors. The propensity
score approach can potentially create a balance between the blinatumomab-treated patients in
the MT103-203 study and the historical comparator patients in the 20120148 study with respect
to multiple clinical factors that are thought to affect a patient’s general prognosis. Such a
balance, if adequately achieved, would allow for valid statistical inferences.* More recently, they
have been used in a regulatory setting when needing to evaluate results from non-randomized
studies for regulatory decision making.> © The inverse probability of treatment weighting (IPTW)
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approach for propensity score adjustment was chosen to estimate treatment effectiveness

because, given time-to-event endpoints, alternative methods such as stratification or covariate
adjustment have been shown in the literature to produce biased estimates of marginal and
conditional hazard ratios.” 8

o Please clarify how the assumption of selection on observables was assessed.

One of the main assumptions for propensity score analysis is that the assignment of the
treatment is independent of the outcome conditional on the covariates. This requires that all
relevant confounders are observed and included as candidate variables for the propensity score
model.

For this analysis, candidate variables were selected based on lengthy discussion among study
team experts and clinicians; the majority of the covariates were chosen based on prognostic
factors that have been identified for ALL in published literature and to account for potential
regional differences in treatment practices. Candidate variables are those that are common to
both the databases and are thought to be important for characterising the blinatumomab-treated
population. We acknowledge the limitation that, unlike with randomised studies, propensity score
analysis does not tend to create a balance with respect to all covariates (including unmeasured
and unknown covariates). However, we feel that we have adequately populated the covariate set
with all available relevant prognostic factors to provide a valid statistical comparison between
blinatumomab and control populations.

e Please clarify how the assumption of overlap between the two studies was assessed.
Is this considered to be justified for average treatment effect (ATE) and average
treatment effect on the treated (ATT) weights?

The assumption of overlap is equivalent to the condition that the probability of receiving
treatment is non-zero for all subjects. This assumption is required to obtain accurate estimates
for the unobserved counterfactual means in ATE and ATT.

We assessed the overlap and balance between the two populations using a variety of methods.
Upon deriving propensity scores (PS) for each patient, balance between the two treatment
groups with respect to their PS were assessed via box plots. The overall balance was considered
to be sufficient given that at least 25% of the historical data overlapped with the inner 95"
percentile of the blinatumomab data, as pre-specified.

With respect to individual covariates considered for the propensity score model, two methods
were employed to ascertain the balance between the data sources before and after propensity
score adjustments. The first method involved univariate regression models with the baseline
factor as the dependent variable and the treatment group as the independent variable. For
categorical factors, a logistic regression model with robust variance estimation was used. For
continuous variables, a general linear model with robust variance estimation was used. The p-
value associated with the treatment group effect from each model was used to compare the
before- and after-effects of the PS adjustment.
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The second method involved calculation of standardised differences. Standardised differences

can be used to ascertain the balance in a way that is not dependent on the sample size. Criteria
for deciding whether the balance was adequate included: univariate p-values greater after
adjustment and not considered significant and a standardised difference less than at least 0.20
(best balance achieved when less than 0.10).

If important covariates or baseline factors were not adequately balanced upon doing the
evaluations described above, and the covariate was considered prognostic with respect to the
endpoint, then those factors may be added as additional covariates to the endpoint analysis
model for sensitivity analyses.

e Asubgroup of BLAST (n=73), was used to estimate comparative effectiveness. Please
clarify why each of the listed criteria was required (as opposed to using the whole
BLAST trial population).

Since the historical comparator study included only a very limited number of patients beyond
their first remission (>CR1), and since remission duration decreases significantly with an
increasing number of prior relapses, the primary analysis set for the propensity score analysis
was defined such that only those in CR1 were included. This is the primary criterion that reduced
the size of the blinatumomab group from the full BLAST population (N=116) to that for the
primary analysis set for the propensity score analysis (N=73). The full set of criteria for the
Primary Analysis Set are shown below:

Study MT103-203 criteria:

e Received any infusion of the investigational drug.

e Philadelphia negative B—precursor ALL in complete haematological remission defined as less
than 5% blasts in bone marrow after at least three intensive chemotherapy blocks.

e MRD-positive at a level of >1 x 10-3 (PCR only in Study MT103-203) but otherwise in complete
haematological remission

o Atleast 18 years old at the MRD baseline date

e In their first remission (CR1 only)

20120148 criteria:

e Philadelphia-negative B-precursor ALL in complete haematological remission
e MRD-positive at a level of >1 x 10- regardless detection method

o Atleast 18 years old at the MRD baseline date

o Time to relapse greater than 14 days from date of MRD detection

e Please clarify whether the assumption of ignorability of treatment is considered to be
justified for ATE and ATT weights.

The ignorability assumption states that the assignment of the treatment is independent of the
outcome conditional on the covariates. This assumption is also referred to as the selection on
observables (see part a).° ATE and ATT are only identifiable if sources of selection bias, such as
violating the assumption of ignorability, are eliminated. If all relevant covariates are considered
for the propensity score model, and the resulting model provides adequate balance between the
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populations, then ATE and ATT counterfactuals are estimable and the assumption of ignorability
holds. For this analysis, we accounted for all relevant prognostic factors and achieved adequate
balance, therefore we conclude that the ignorability assumption holds, and ATE and ATT are
estimable.
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A8 Additional Query. CS Table 29 page 73. The baseline characteristics of the SOC and Blinatumomab groups are presented before and after propensity
score adjustment with ATT weights. Could you please confirm that the figures presented in the table, and specifically the sample size (N=174.3 control,

N=78.5 blinatumomab) are correct? The formulae presented in Appendix L page 219 indicate that the under the ATT assumption the treatment arm should

not be weighted (weight=1). The curves presented in the cost effectiveness section, Figure 22, page 97, indicate N=155.1 control, N=73 blinatumomab. This

relates to question A8 in the original clarification letter.

There are two issues that we would like to address/correct in this response: 1) Reporting of sample size for stabalised IPTW analysis; 2) Application of

weights in cost-effectiveness analysis.

Reporting of sample size in stabilised IPTW analysis

The sample size presented in Table 29 of the submission were unfortunately reported incorrectly — please find updated Table below with the correct sample

size reported. It is important to note that these values reflect the baseline characteristics after the propensity score adjustment using the stablised IPTW

(sIPTW) and as a result the weighting for the blinatumomab arm is not equal to one.

Characteristic

Unweighted

Stabilised IPTW

Mean (SD)/n (%)

Blinatumomab

Standard

Difference

P-value

Control

Blinatumomab | Standard

Difference

P-value

Age at primary
diagnosis (years)

Gender (Female)

Country (Not
Germany)

MRD at Baseline
(recoded)

Time from
diagnosis to
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baseline
(months)

WBC at
diagnosis
(>30,000/mm?3)

WBC at
diagnosis
(continuous,
log10)

T411mll4
mutation (Yes)

Prior
chemotherapy
(GMALL)

Stabilised IPTW can be conducted to reduce the potential instability caused by very large weights' and was applied for this propensity score analysis. In

order to calculate stabilised weights, the IPTW is multiplied by the marginal probability of receiving the actual treatment received (Cole and Hernan,

2004).

Where sw;j represents the sIPTW for the jth subject from treatment k and ni represents the sample size for treatment k. This results in non-integer values

for both blinatumomab and SoC in this analysis.



ep Proprietany,- F%r.+nt?rn Use Only
N ICE’ Nafiondtinstitute for Level 1A
Health and Care Excellence City Tower
Manchester
M1 4BT

United Kingdom

+44 (0)845 003 7780
Application of weights in Cost-effectiveness analysis

In the cost-effectiveness analysis, the ATT propensity score analysis was applied using non-stabilised
ATT weights. Unfortunately, this was done in error and lacks consistency with the presentation of
clinical results.

However, we are confident that the application of stabilized ATT weights would have no impact on
the analyses conducted for cost-effectiveness since the relevant size of the two groups are the same
(73:151=0.47; 20.9:44.4=0.47). We would be happy to provide an updated version of the calculations
to confirm consistency of the results but have been unable to complete this in the timeframe —
however, this can be provided if required.

A9 PRIORITY. Company submission, section B.2.9.4, page 71. Candidate variables for the
propensity score model are provided. Please also provide the final used model.

The final model has been summarised in the table below.
Table 3. Summary of Propensity Score Model Covariates (Primary Analysis Set)

Primary Analysis Set
(N=255)

Wald Chi-
Square
Estimate (SE) (Statistic |p-value?®

Age at primary diagnosis (years)

Time from diagnosis to baseline (months)

MRD level at baseline

Type of prior chemotherapy
Not GMALL

Time from diagnosis to baseline (months) x Type of
prior chemotherapy

Not GMALL

Footnotes: 2p-value represents the statistical significance of including the covariate (or interaction term) into the
model.
Abbreviations: N = Number of subjects in the analysis set

alulses

B
B
LB
B
B

A10. Company submission, figures 17 and 18, pages 74 and 75. The included figures indicate
time from randomisation to event. Please clarify whether the figures and related statistics
relate to time from first blinatumomab treatment for BLAST patients and 14 days after the MRD
baseline date for patients from the historical comparator study 20120148.

We apologise for the mislabelling of the x-axis — to clarify, the baseline date (i.e. start time) for
relapse-free and overall survival presented in the submission was defined as 14 days after the
MRD baseline date for the historical comparator study (20120148) and the date of the first
blinatumomab treatment for BLAST patients.
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A11 PRIORITY. Company submission, appendix L, pages 216. The start date for time to event
outcomes was defined as “14 days after the MRD baseline date for 20120148 patients and
the date of the first blinatumomab treatment for BLAST patients”
o Please justify why the median time from MRD detection to first blinatumomab dose is
the most appropriate cut-point to use

To correctly compare RFS and OS, a baseline date must be well aligned between the two
populations. Aligning both populations using their MRD detection date would lead to an
immortality bias for MT103-203 patients due to the fact that patients relapsing or dying after MRD
detection would not have been included in the MT103-203 study or treated with blinatumomab.
To remove this bias, initially two different baseline dates were used: the date of first
blinatumomab treatment for MT103-203 patients, and the date of MRD detection for 20120148
patients. However, additional bias is introduced in that 20120148 patients with rapid relapse
following MRD detection would not have counterparts in the MT103-203 study. To better align
the populations and reduce bias due to the definition of MRD baseline date, study 20120148
patients were excluded if their time to relapse was less than 14 days, which is the median time
between MRD detection and first blinatumomab dose for MT103-203 patients, and the baseline
date for the 20120148 control population was set at MRD detection date plus 14 days.

The start time for relapse-free and overall survival was defined as 14 days after the MRD
baseline date for 20120148 patients and the date of the first blinatumomab treatment for MT103-
203 patients. For study 20120148, MRD baseline date was defined as 14 days after the MRD
detection date following complete remission after at least three blocks of chemotherapy: the time
point of eligibility had these historical patients been screened for study MT103-203. Because
study 20120148 captures an extended disease history, some patients might have multiple MRD
detection dates following multiple complete remissions from multiple lines of chemotherapy; at
each of these dates the patient would have been eligible for study MT103-203 (provided they had
at least three total blocks of chemotherapy). For these patients, the MRD baseline date was
defined as 14 days after the date of first MRD detection following the first complete remission.

e Please provide further statistics for this variable e.g. what was the range of values
observed for the time between MRD detection and first blinatumomab dose? How
many RFS/OS events occurred during the first 14 days, leading to exclusion from the
historical control data set?

A summary of the descriptive statistics for time from first documented MRD-positive test to the
1st dose of blinatumomab is provided below.

Table 4. Descriptive Statistics for Time from 1st Documented MRD-positive Test to the 1st
Dose of Blincyto (Full Analysis Set): Study MT 103-203

Time from 1st documented MRD-positive to 1st dose of
blinatumomab (Full Analysis Set)*
(N=116)

n

Mean (days)

Median (days)
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Time from 1st documented MRD-positive to 1st dose of
blinatumomab (Full Analysis Set)*
(N=116)

Q1 (days)

Q3 (days)

(Min, Max) (days)
*Time from 1% MRD to first blinatumomab dose is calculated as First MRD date - First blinatumomab dose

date +1.

Abbreviations: N=Number of subjects in the analysis set.
Footnotes: n is the number of subjects with MRD positive results (= 0.001) at the central lab at the baseline.

A total of |l patients were excluded from the historical control data set due to relapse during
the 14 days after MRD baseline.

A12. Please provide details of prior ALL treatments received by patients in the BLAST study.

Available details on the prior ALL treatments received by patients in BLAST is summarised
below.
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Table 5. Previous Anti-Tumour Drug Treatment
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Characteristic
Category

Full Analysis Set
(N=116)

Maximum line of therapy

Front line treatment

First relapse treatment

Second relapse treatment

Front line treatment

Pre-phase

GMALL

combination of regimen /other

GMALL elderly

GRAALL

UKALL

GIMEMA

PETHEMA

FLAG-Ida

NILG

TKI

FRAALLE

Hyper-CVAD

iBFM

AIEOP

HOVON

ALL-2009

ALL-2009 elderly

EWALL elderly

GRAAPH

LALA94

Romanian Group for ALL

T T

Abbreviations: N=Number of subjects in the analysis set.

Footnotes: Subjects who received a regimen in combination with other study group specific treatments are

counted in each category.
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Table 6. Previous Anti-Tumour Drug Treatment
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Characteristic
Category

Full Analysis Set
(N=116)

First relapse treatment

Other relapse regimen

FLAG-Ida

Hyper-CVAD

TKI

Second relapse treatment

Other relapse regimen

TKI

Number of intensive treatment blocks per patient

2 blocks

3 blocks

4 blocks

5 blocks

6 blocks

7 blocks

8 blocks

9 blocks

10 blocks

11 blocks

12 blocks

13 blocks

14 blocks

16 blocks

22 blocks

29 blocks

AT T

Abbreviations: N=Number of subjects in the analysis set.

Footnotes: Subjects who received a regimen in combination with other study group specific treatments are

counted in each category.
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Table 7. Previous Anti-Tumour Drug Treatment

Characteristic Full Analysis Set

Category (N=116)

Front line treatment
1 block

2 blocks
3 blocks
4 blocks
5 blocks
6 blocks
7 blocks
8 blocks
9 blocks
10 blocks
11 blocks
12 blocks
14 blocks
15 blocks
23 blocks

First relapse treatment
1 block

2 blocks
3 blocks
4 blocks
6 blocks
7 blocks

Second relapse treatment
1 block

Abbreviations: N=Number of subjects in the analysis set.
Footnotes: Subjects who received a regimen in combination with other study group specific treatments are
counted in each category.

il

A13. Company submission, page 67. Please clarify whether the historical control study
included patients treated in years 2000-2017 (as suggested in the CS), or 2000-2014 (as
suggested in the Observational Study Report).

Apologies for this error; the correct patient recruitment period for the historical comparator study
is 2000-2014, as recorded in the Observational Study Report.

A14. Company submission, section B.2.9.3, page 68. Please clarify why Ph+ patients and
CR2+ patients were not included in the historical control study.

The historical control study utilised retrospective data from 8 study groups, and included CR1 or
CR2 patients who had received 3 prior intensive blocks of chemotherapy in the full analysis set
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(FAS). While CR1 or CR2 patients both met inclusion criteria, all but 2 patients were CR1 at the

time of baseline MRD. Therefore, when filtering the historical control study patients for patient
characteristics to match the BLAST patient characteristics (direct comparison analysis set), only
CR1 patients met these criteria.

Ph+ ALL patients were not included in the historical control inclusion criteria given the evolving
paradigms in prior treatment algorithms (i.e. introduction of newer generation tyrosine kinase
inhibitors [TKI]) when compared to Ph- ALL patients which were relatively similar over the study
period.

A15. Company submission, section B.2.9.3, page 68. Please provide details of any peer
reviewed published data from the historical control study. If none are available, please provide
further details regarding the study design and enrolment procedures.

No peer reviewed published data from the historical control study are currently available
(manuscript in development). However, the historical comparator data has been submitted to
FDA and EMA and will be published as part of their assessment.

The historical control study was a retrospective non-interventional cohort study of historical
treatment and outcome data from MRD-positive patients with Ph- Bcell- precursor ALL who had
received standard of care treatment according to national study protocols. The primary research
objectives were to estimate RFS and OS for patients with MRDpositive- B-cell precursor ALL.
Assessment of MRD response was not included in the study because of the variability in
treatment regimens after documentation of MRDpositive- status (e.g., continued chemotherapy,
investigational agent, or no intervention) and variable availability of MRD assessments after the
qualifying baseline MRD-positive value.

The study population was assembled from patient databases of ALL study groups in Europe that
included MRD testing in their protocols. All subjects who were treated at participating study group
facilities, diagnosed with ALL in the year 2000 to 2014, and who met the eligibility criteria were
included in the study. Subjects ages 15 years or older with Ph- B-cell precursor ALL in
haematologic CR (defined < 5% blasts in bone marrow after at least 3 intensive chemotherapy
blocks) were included if MRD was detected at a level of > 1 x 10 by PCR or > 1 x 103 by flow
cytometry at a reference lab; a history of ALL treatment (including response to first therapy,
number of prior relapses) was available; and relapse status and disease follow-up after time
point of MRD detection was available. Subjects were excluded from the analysis if they had
extramedullary disease at the time point of MRD detection, were exposed to blinatumomab within
18 months of MRD detection, or underwent allogeneic HSCT before MRD detection. Subject data
were entered into a study-specific electronic case report form to ensure a standardised data
collection process across study groups.

A16. Company submission, Appendix D, Figure 47, page 195. Please modify the figure to
include the reasons for not enrolling 95 patients out of the total of 211 patients who were
screened.
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Of the 95 patient screen failures, the majority were due to either having a MRD level < 1 x 103

(which is below the inclusion criteria for this study) or having an overt leukemia relapse (no
longer having MRD). Please see the table for the full listing of screen failure reasons.

Table 8. Consolidated Screening Failure: Study MT103-203
Screening Failure
Summary Reason

Active Infection

Alternative Therapy
CD19 Negative

CNS Relapse
Consent Withdrawn
Hepatic

MRD < 10E-3
Neurologic Disorder
Overt Relapse
Technical

Grand Total

-
< )
o g

Section B: Clarification on cost-effectiveness data

Literature searching

B1. Company submission, appendix D, page 183. Published cost effectiveness studies. Given
that no cost-effectiveness studies were identified for ALL with minimal residual disease from
the searches contained in Appendix C, please explain why separate cost-effectiveness
searches were not carried out for ALL only i.e. ALL terms combined with an economic
evaluations study design filter.

Search terms and study protocol were designed to best characterise the decision problem for this
submission. As such it was felt that indirect evidence from a general ALL population was not
informative for this particular decision making, i.e., adult ALL patients in complete haematological
CR with MRD. We are confident that all appropriate evidence was captured as part of the
systematic literature review.

B2. Company submission, appendix D, Table 71, page 185: York Centre for Reviews and
Dissemination search algorithm — page 183 of appendix D states that “these databases were
searched via the EMBASE®, PubMed, Cochrane Library and York Centre for Reviews and
Dissemination”. Table 71 shows ALL terms combined with costs/economic terms, but this is
not consistent across the other relevant databases i.e. EMBASE®, PubMed, Cochrane Library
where it is ALL+MRD and not ALL+ costs/economic terms. Please comment on the likelihood
that no economic evaluations have been missed as a consequence of this approach.

The review of the York databases was intended to specifically identify HTAs and cost-
effectiveness analyses, which is why terms for cost and economic were included with the string.
In order to make the strategy as broad as possible these searches were not limited by MRD
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specific terms however we did not identify any relevant evidence. Despite this we are confident

that our broad approach captured all relevant evidence.

B3. Company submission, appendix E, page 198. HRQoL studies. Given that no HRQoL
studies were identified for ALL with minimal residual disease from the searches contained in
Appendix C, please explain why a separate HRQoL search was not carried out for ALL only
i.e. ALL terms combined with HRQoL terms?

Search terms and study protocol were designed to best characterise the decision problem for this
submission. As such it was felt that indirect evidence from a general ALL population was not
informative for decision making. We are confident that all appropriate evidence was captured as
part of the systematic literature review.

Survival modelling

B4. PRIORITY. Company submission, section B.3.3. pages 93-116. Five model types have
been applied within the CS (Unrestricted, Restricted, Restricted Cubic Spline, Mixture cure,
and Non-Mixture cure). For the general case, and the best fitting model in each category (e.g.
Gompertz for unrestricted)

e Please provide mathematical equations for the model. For example, for the Gompertz
unrestricted model, please provide the regression equation “including treatment -group
interaction terms for every distributional parameter”. Please provide the code and
output showing how these models have been fitted in the relevant software package
(i.e. flexsurv in R for the parametric models, STATA for the cure models)

The code used to generate the survival distributions has been provided along with a separate
workbook with the formulas used for all the distributions generated by the code. Regarding the
labelling of the distributions, please see the detailed description provided separately in the excel
workbook.

B5. PRIORITY. Company submission, section B.3.3, pages 93-116. Please clarify why the
lognormal mixture cure model (and presumably every other mixture cure model fitted) does
not include the expected mortality for the cured fraction (see Lambert, The Stata Journal,
2007, 7(3) i.e. the source of the STATA procedures cited in the CS). Please also comment on
the potential bias associated with estimating survival probabilities for cured patients based on
a fixed model start age rather than the observed distribution of patient age within the clinical
studies.

We did not include expected mortality in the curve fitting process as such mortality is likely to be
immaterial in these patient over the follow-up period over which the distributions were estimated.
We therefore do not believe that the omission of this mortality from the estimation procedure will
bias the analysis in favour of blinatumomab. We also recognise that there is some potential for
bias by estimating outcomes for the mean age rather than the distribution of age, although we
had no reason to believe that this bias would favour one treatment or the other. To assess this
potential bias, we generated results setting the model start age from 18 to 76 years which were
pooled using the distribution of CR1 patients in BLAST. The ICER based on the weighted
average incremental costs and QALYs was similar to the base case (£29,174 per QALY).
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B6. PRIORITY. Company submission, section B.3.3. pages 93-116. Please explain the
conceptual implications of selecting a cure model for OS but not for RFS. How can patients
who are cured in terms of OS still experience relapse according to RFS?

For the base case, we used a restricted Gompertz model for RFS. While this model does not
include an parameter representing the cure fraction, it does yield distributions of RFS with a non-
zero asymptote and therefore is effectively a "cure" model. For scenario analysis 3, an RCS log-
logistic model was used for RFS. While this is not a cure model, the RCS log-logistic distribution
was selected to represent RFS in the less favourable scenario, as it had the third best statistical
fit; some supportive evidence in favour of proportional odds based on the treatment effect
counterfactual plots, and appeared to represent a plausible lower bound on the benefit of
treatment with blinatumomab. Note: for OS a non-cure model was also adopted (RCS Weibull).

Conceptually, we would argue that it is probably more appropriate to use cure models for both
RFS and OS as in our base case. It should be noted, however, that it is possible that some
patients might not be cured for RFS following initial treatment but would be cured subsequently
(e.g., by post relapse transplant).

B7. PRIORITY. CS, Section B.3.3. pages 93-116. Please explain whether and how clinical
judgement was used to inform the selection of the parametric functions for RFS and OS in the
model.

Clinical input pertaining to the RFS and OS survival of patients with MRD+ ALL was a key aspect
informing selection of the parametric functions used, in particular relating to the validation of
modelled survival projections. Specifically, UK clinicians were asked to comment on expected
survival of patients currently observed in clinical practice (at landmark timepoints), the
appropriateness of assuming a cure at a specific timepoint, and the proportion of patients that
may realise a cure given current SoC. Clinicians were also asked to comment on the magnitude
of benefit likely to be derived from obtaining an MRD-negative status.

Feedback consistently suggested that patients alive after 5 years would be considered cured
although an earlier timepoint was also realistic — patients who remain relapse-free after 2—3
years from initial treatment were thought to be at a low risk of relapse and could be considered
cured. The cure fractions estimated by the base case modelled projections were considered
appropriate (and aligned with expectations in clinical practice). It was also noted that the
historical comparator used to inform survival estimates for the standard of care arm was highly
likely to be generalisable to the current UK treatment protocols given that no significant changes
to clinical practice has occurred in the last decade.

As a result of this feedback, it was considered that the parametric functions used in the base
case analysis appropriately capture long-term survival and provide clinically valid estimates to
inform the economic evaluation.
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B8. PRIORITY. Company submission, section B.3.3. pages 93-116. Please provide complete
sensitivity analyses which include all combinations of functional forms for RFS and OS
(assuming same curve type for each treatment group). Please ensure that this analysis does
not exclude combinations of OS and RFS where the RFS and OS curves cross (in such
instances, please constrain RFS to the minimum of RFS and OS). Please report the results of
these analyses in the form of a table including incremental QALYs, incremental costs and
ICERSs for each comparison.

The requested sensitivity analyses have been provided and are included in a separate workbook.
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B9. Company submission, section B.3.3.1, Figure 23 (page 98), figure 30(page 104), appendix
P, figure 58 and 64. Please provide model fit statistics (BIC) in a table rather than a line graph.

Table 9. Model Fit Statistics (OS)

Rank Distribution BIC

1 RCS Log-Logistic (R) 1169.49718
2 RCS Weibull (R) 1169.98653
3 RCS Lognormal (R) 1171.03738
4 Lognormal Non-Mixture (Cure) 1171.67567
5 Lognormal Mixture (Cure) 1173.18727
6 Gen. Gamma (R) 1173.34913
7 Lognormal (R) 1173.67129
8 Gen. F (R) 1176.19578
9 Lognormal Non-Mixture (Cure + R) 1176.96428
10 Gamma Non-Mixture (Cure) 1177.0575
1 Lognormal Mixture (Cure + R) 1177.8342
12 Lognormal (U) 1179.17301
13 Log-Logistic (R) 1179.88257
14 RCS Log-Logistic (U) 1180.35114
15 RCS Weibull (U) 1180.6083
16 Gompertz (R) 1181.62989
17 RCS Lognormal (U) 1181.93832
18 Lognormal Non-Mixture (Cure + U) 1182.05656
19 Gamma Non-Mixture (Cure + R) 1182.23081
20 Lognormal Mixture (Cure + U) 1182.96908
21 Weibull Non-Mixture (Cure) 1183.0339
22 Gen. Gamma (U) 1183.7722
23 Log-Logistic (U) 1185.32641
24 Gompertz (U) 1187.0162
25 Weibull Mixture (Cure) 1188.20234
26 Weibull Non-Mixture (Cure + R) 1188.55182
27 Gen. F (U) 1190.68764
28 Weibull Non-Mixture (Cure + U) 1192.72218
29 Weibull Mixture (Cure + R) 1193.66084
30 Gamma Mixture (Cure + U) 1194.83721
31 Pw. Exp. 1196.28864
32 Weibull Mixture (Cure + U) 1197.17415
33 Exponential 1197.45691
34 Weibull (R) 1197.72265
35 Weibull (U) 1201.82174
36 Gamma Mixture (Cure) Failed to Converge
37 Gamma Mixture (Cure + R) Failed to Converge
38 Gamma Non-Mixture (Cure + U) Failed to Converge
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Table 10. Model Fit Statistics (RFS)
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Rank Distribution BIC

1 Gompertz (R) 1222.060922
2 Gompertz (U) 1225.586802
3 RCS Log-Logistic (R) 1225.662197
4 Lognormal (R) 1227.202426
5 Weibull Non-Mixture (Cure) 1227.298547
6 Lognormal Non-Mixture (Cure) 1227.459555
7 Lognormal Mixture (Cure + R) 1228.875339
8 Log-Logistic (R) 1228.876169
9 RCS Lognormal (R) 1229.011902
10 Lognormal Non-Mixture (Cure + R) 1229.114534
1 Gen. Gamma (R) 1229.285887
12 RCS Weibull (R) 1230.052249
13 Gen. F (R) 1230.616178
14 Weibull Non-Mixture (Cure + R) 1230.720394
15 Gamma Non-Mixture (Cure) 1231.213658
16 Lognormal (U) 1232.716224
17 Gamma Mixture (Cure + R) 1233.307
18 Lognormal 