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Instructions for companies

This is the template you should use to summarise your evidence submission to the
National Institute for Health and Care Excellence (NICE) as part of the single
technology appraisal (STA) process. This document will provide the appraisal
committee with an overview of the important aspects of your submission for decision-

making.

This submission summary must not be longer than 25 pages, excluding the pages
covered by this template. If it is too long it will not be accepted. Please submit a draft
summary with your main evidence submission. The NICE technical team may

request changes later.

When cross referring to evidence in the main submission or appendices, please use

the following format: Document, heading, subheading (page X).

For all figures and tables in this summary that have been replicated, cross refer to
the evidence from the main submission or appendices in the caption in the following

format: Table/figure name — document, heading, subheading (page X).

Companies making evidence submissions to NICE should also refer to the NICE

quide to the methods of technology appraisal and the NICE guide to the processes

of technology appraisal.

Highlighting in the template (excluding the contents list)
Square brackets and grey highlighting are used in this template to indicate text that

should be replaced with your own text or deleted. These are set up as form fields, so
to replace the prompt text in [grey highlighting] with your own text, click anywhere

within the highlighted text and type. Your text will overwrite the highlighted section.
To delete grey highlighted text, click anywhere within the text and press DELETE.

Grey highlighted text in the footer does not work as an automatic form field, but
serves the same purpose — as prompt text to show where you need to fill in relevant
details. Replace the text highlighted in [grey] in the header and footer with
appropriate text. (To change the header and footer, double click over the header or

footer text. Double click back in the main body text when you have finished.)

Summary of company evidence submission template for Zynteglo for treating transfusion-dependent
beta-thalassaemia [ID968]
© bluebird bio (2019). All rights reserved 2 of 36



Contents

A1 Health CONAITION ... .uei e 5
A.2  Clinical pathway of Care...........cvviiiiiiiiiiiiiiee 5
A3 The teChNOIOGY .....eueiieeee e 7
A.4  Decision problem and NICE reference case..........cccccooevvviiiieiiiiiiieceeeiieeee, 10
A.5 Clinical effectiveness evidence............cccoouvvvviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee 16
A.6  Key results of the clinical effectiveness evidence...........ccccooeeviiiriiiiiiiiennnn. 18
A.6.1. Proportion of patients achieving Transfusion Independence (TI) ............... 18
A.6.2. Time from Zynteglo administration to last transfusion and to reach Tl
(secondary eNdPOINt) .......cccoeiiiiiiiiii e e e eeaana 19
A.6.3. Duration of Tl (secondary endpoint) ...............uuuuuumiiimiiiiiiiiiiiiiiiiiiiieeeeeeeeeeees 19
A.6.4. Durable production of Haemoglobin (Hb) (secondary endpoint) ................ 21
A.6.5. Transfusion reduction (secondary endpoint) ................eueeveeeeimiimiienneiieennnnns 22
A.6.6. Reduction in iron stores post-treatment..............cccooooiiiii 23
A.6.7. Health related quality Of life .............ouuummiiiiiiiii 23
A.6.8. Hospitalisation and health care resource utilisation....................cccco. 24
A.6.9. Growth and development ....... ..o 24
A.6.10. AdVEISE rEACHIONS. ... ..uuuiiiiiiiiiiiiiiiiiiibet e eeeeeeeneeennnnnnnnes 24
A.7  Evidence SYyNthesiS.........ccooiviiiiiiiiiiiiiiiii 25
A.8  Key ClINICAI ISSUES .....oiiiieiiiiiiii e 25
A.9  Overview of the economic @analysis ...........cooeevviiiiiiiiiiiiiiiiieeee 26
A.10 Incorporating clinical evidence into the model .............cccccciiiiiiiiiiiii, 27
A.11 Key model assumptions and iNPuUtS ............uueiiiiiiiiiiiiiii e 28
A.12 Base-case ICER (deterministic)..........coooviiiiiiiii 29
A.13 Probabilistic sensitivity @nalysis..............cooviviiiiiiiiiiiii 30
A.14 Key sensitivity and scenario analySes ............coooeeeiiiiiiiiiiiiiiin e 31
AS INNOVALION ... 33
A6 BUdget iMPact... ... 34
A.17 Interpretation and conclusions of the evidence..............ccccoceeiiiiiiiiiceiiieeee, 34
A 18 REFErENCES ..o 35

Summary of company evidence submission template for Zynteglo for treating transfusion-dependent
beta-thalassaemia [ID968]
© bluebird bio (2019). All rights reserved 3 of 36



Tables and figures

Table 1 Technology being appraised — Document B, B.1.2pg. 12 ... 7
Table 2 The decision problem — Document B, B.1.1pg. 15 ..o, 11
Table 3 Clinical effectiveness evidencCe. ... 16
Table 4 Iron levels in transfusion-dependant patients, based on a UK chart review of
162 patients — B.3.3.1 (Page 168) ......covviiiiiiiiiiiiiiii 27
Table 5 Key model assumptions and iNputS...........oouuviiiiiiii e 28
Table 6 Base-case results (deterministic) — B.3.7 (page 212)........cceeeeeeeeeeeivevnnnnn. 30
Table 7 Base-case results (probabilistic) — B.3.8 (page 213) ..o 30
Table 8 Key scenario analyses — B.3.8 (page 215) .....uuceeiieeiiiiiiiieiceeee e, 32
Table 9 Budget impact — Company budget impact analysis submission, Table 16

(0 F= T [T 2 F PSP PUPPPRPPUPIN 34
Figure 1 Current standard of care adapted from the UKTS guidelines....................... 6
Figure 2 Treatment pathway for TDT patients including Zynteglo...........ccccccvvveeeneen. 7
Figure 3 Zynteglo Lifespan Approach to Clinical Evidence Generation.................... 18
Figure 4 Time since last transfusion in patients in HGB-207 ............cccccciiii 19
Figure 5. Duration of transfusion and transfusion-free periods in LTF-303 (HGB-204
ANA HGB-205) ... nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 20
Figure 6. Duration of transfusion and transfusion-free periods in LTF-303 (HGB-207)
................................................................................................................................. 21
Figure 7 Total Haemoglobin over time in non-B0/B0 in Tl subjects .............oeuennnne..n. 22
Figure 8 Model diagram — B.3.2.5 (page 161) .....ccoviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee 27
Figure 9 Scatterplot of probabilistic results — B.3.8 (page 214) .......cccoevvvvvrvrnceeee.n. 31
Figure 10 Tornado diagram — B.3.8 (Page 215) ......ceevviiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeee 32

Summary of company evidence submission template for Zynteglo for treating transfusion-dependent
beta-thalassaemia [ID968]
© bluebird bio (2019). All rights reserved 4 of 36



Submission summary

A1 Health condition

B-thalassaemia is a genetic blood disease leading to absent or reduced production of the [3-
globin chains of haemoglobin A [1]. The most severe forms of B-thalassaemia, transfusion-
dependent B-thalassaemia (TDT), require packed red cell blood (pRBC) transfusions every 2-
4 weeks for survival [2]. The accumulation of excess iron from transfusions leads to iron
overload [3, 4] which is the major cause of morbidity and mortality in patients with TDT [3, 5].
Despite iron chelation therapy, iron accumulates in various tissues including the heart, liver,
and endocrine system, causing life-threatening organ dysfunction [3, 6]. This is evidenced by
a recent chart review study conducted by bluebird bio in nine UK centres, which demonstrates
substantial iron overload and reduced quality of life in TDT patients in the UK [7].

The most common cause of death in UK TDT patients is iron overload in the heart (54%) [8],
while in the liver, iron overload leads to fibrosis and increases the risk of chronic liver disease
and cirrhosis [2, 3]. Iron overload in the endocrine system leads to hypogonadotrophic
hypogonadism (70-80% of TDT patients) [9], diabetes (31.3% of TDT patients) [10] and growth
delay in children (30% of TDT patients have short stature) [11]. A recent analysis of the English
Hospital Episode Statistics database showed the 10 year in-hospital mortality rate for TDT
patients was ||l than the age/sex matched general population (Jl] versus 1.2%,
p<0.001), with a median age at death of ] years [12].

A.2 Clinical pathway of care

Zynteglo is a genetically modified autologous CD34* cell enriched population that contains
haematopoietic stem cells (HSC) transduced with lentiviral vector (LVV) encoding the
BAT87Q_globin gene. The relevant comparator to Zynteglo is regular blood transfusions and iron
chelation therapies. Allogeneic haematopoietic stem cell transplantation (allo-HSCT) is not a
comparator for Zynteglo as stated in the NICE scope, but elements of the allo-HSCT process
are comparable to the treatment process with Zynteglo, which means that existing services
within the NHS are accustomed to mobilisation, apheresis and conditioning of the patient.
While allo-HSCT is presented as a potentially transformative treatment, it is not recommended
for adults due to the risk of treatment-related mortality. Only 25-30% of paediatric TDT patients
have a suitable stem cell donor [13] (Document B, section B.1.3.1 pg. 18 and B.1.3.6 pg. 42).
Therefore, the majority of patients with TDT depend on a lifelong regimen of frequent blood
transfusions usually initiated in the first two years of life [3], coupled with chelation therapy and
iron monitoring to manage the resulting iron overload introduced by transfusions [3] (Figure
1). Transfusions temporarily relieve symptoms of anaemia but do not address the underlying
globin chain imbalance or restore normal erythropoiesis. The requirement for lifelong
transfusions, iron monitoring and chelation therapy inevitably place a significant burden on the
health system, patients and carers, such that new treatment options that can address the
underlying cause of the condition are needed (Document B, section B.1.3.5 pg. 36).
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Figure 1 Current standard of care adapted from the UKTS guidelines
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Through a one-time administration of gene-modified autologous haematopoietic stem cells,
Zynteglo offers a transformative approach that uniquely addresses the underlying genetic
cause of TDT in patients that cannot undergo allo-HSCT.

Following successful engraftment and achievement of transfusion-independence (TI), the
effects of Zynteglo are expected to be life-long, negating the need for chronic symptom
management over a patient’s lifetime as required by conventional therapies. To achieve
persistent durability of efficacy in the case of ex-vivo, lentiviral vector-based gene therapies
such as Zynteglo, treatment must result in the establishment of a population of
undifferentiated, long-term haematopoietic stem cells in the bone marrow which carry the gene
of interest, integrated into their genome. Based on the mechanism of action of Zynteglo, which
involves the insertion of functional copies of a modified B-globin gene (B-A"7879) into long-term
repopulating haematopoietic stem cells, it is expected that the effects of treatment will indeed
be life-long.

The introduction of Zynteglo in the pathway of care will therefore lead to significant resource
savings for the NHS over the patient’s lifetime through reductions in the need for donor blood
and transfusion services, fewer hospital visits and mitigation of complications related to iron
overload (Document B, section B.1.3.7 pg. 43). This is expected to result in long-term quality
of life benefits for patients and parents/carers, allowing them to lead as normal a life as
possible (Document B, section B.1.3.5 pg. 36). Treatment choices in the overall pathway of
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care will remain consistent, with the addition of the potentially transformative option of Zynteglo
(Figure 2).

Figure 2 Treatment pathway for TDT patients including Zynteglo
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A.3 The technology
Table 1 Technology being appraised — Document B, B.1.2 pg. 12

UK approved Pseudo international non-proprietary name (INN): A genetically modified
name and brand | autologous CD34" cell enriched population that contains haematopoietic stem
cells (HSC) transduced with lentiviral vector (LVV) encoding the B*T8"%-globin

name

gene.

Brand name: Zynteglo™ (also known as LentiGlobin in TDT)
Mechanism of B-thalassaemia is caused by the absence or reduced production of the (-
action globin chains of haemoglobin A (HbA), resulting in an excess of uncomplexed

a-globin chains that precipitate in erythroblasts leading to premature death of
the cells, ineffective erythropoiesis, and haemolysis [1].
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Zynteglo is an autologous CD34+ cell enriched population that contains
haematopoietic stem cells (HSCs) transduced with LVV encoding the BA-
T87Q-globin gene. The autologous CD34+ cells collected via mobilisation and
apheresis are transduced with the BB305 LVV and are intended for infusion
into the same patient following myeloablative conditioning. BB305 LVV is a
replication-defective, self-inactivating LVV, based on HIV-1, that carries a
modified functional copy of the B-globin (HBB) gene.

Zynteglo adds functional copies of a modified p-globin gene into the patients’
HSCs through transduction of autologous CD34+ cells with BB305 LVV,
thereby addressing the underlying genetic cause of the disease. After Zynteglo
infusion, transduced CD34+ HSCs engraft in the bone marrow and
differentiate to produce red blood cells (RBCs) containing biologically active
BA-T87Q-globin (a modified B-globin gene) that will combine with a-globin to
produce functional haemoglobin containing BA-T87Q-globin (HbAT87Q). BA-
T87Q-globin can be quantified relative to other globin species in peripheral
blood using high performance liquid chromatography. BA-T87Q-globin
expression is designed to correct the p/a-globin imbalance in erythroid cells of
patients with TDT and has the potential to increase total Hb to normal levels
and eliminate dependence on chronic RBC transfusions. Following successful
engraftment and achievement of transfusion independence, the effects of the
product are expected to be life-long.

Marketing
authorisation/CE
mark status

Zynteglo received a conditional marketing authorisation from the European
Medicines Agency (EMA) on the 29" May 2019. bluebird bio will provide the
EMA with results of ongoing studies to further assess the effectiveness and
safety of the medicine at each annual renewal (starting 29"" May 2020).

Indications and
any

restriction(s) as
described in the

The full licensed indication is for the treatment of patients 12 years and older
with TDT who do not have a B%B° genotype, for whom HSC transplantation is
appropriate but a human leukocyte antigen (HLA)-matched related HSC donor
is not available.

summary of

product

characteristics

Method of Zynteglo is to be administered intravenously in a qualified treatment centre
administration (qualified treatment centres will be designated by NHS England) via a
and dosage nominated and trained healthcare professional. Zynteglo must be

administered in a qualified treatment centre by a physician(s) with experience
in HSC transplantation and in the treatment of patients with TDT.

Zynteglo should only be administered after consultation with the patient and
family/carer as applicable, and their haematologist/ haemoglobinopathy
specialist, with appropriate consent documented [14]. Zynteglo-treated
patients are expected to enrol in a bluebird bio registry (more details below in
‘Additional tests or investigations’ section) and will be followed long term in
order to better understand the long-term outcomes associated with Zynteglo.

The minimum recommended dose of Zynteglo is 5.0 x 10 CD34+ cells/kg.
Zynteglo is intended for autologous use and should only be administered once.

The Zynteglo treatment process begins with the harvesting of the patient’s own
HSCs through a standard peripheral stem cell collection procedure, known as
apheresis, following the administration of mobilising agents. The collected
stem cells are then purified and functional copies of the gene are inserted
using a viral vector delivery system outside the body (ex vivo). The patient
then undergoes myeloablative conditioning using chemotherapy to make
space in the bone marrow, and the modified stem cells are given back to the
patient through peripheral infusion. This procedure is also known as an
autologous haematopoietic stem cell transplant (auto-HSCT).

In summary, the complete treatment process, from mobilisation to the end of
inpatient stay, lasts 13-19 weeks (further details in Document B, Table 2, pg.
12):

Summary of company evidence submission template for Zynteglo for treating transfusion-dependent
beta-thalassaemia [ID968]

© bluebird bio (2019). All rights reserved

8 of 36



e Pre-treatment (hypertransfusion regimen) (from 30 to 90 days to maintain
Hb =11 g/dL, prior to myeloablative conditioning)

e Step 1: Mobilisation and apheresis (depending on the requirement of a
2nd cycle, there is a two-week gap before the 2nd cycle commences
(approx. 7 to 28 days if 2nd cycle is required)

e Step 2: Stem cell processing (56 days)
e Step 3: Patient conditioning: (approximately 7 days)
e Step 4: Zynteglo infusion via auto-HSCT (maximum of four hours)

e Step 5: Inpatient stay until the patient is deemed medically stable for
discharge (from 21 to 42 days, including a median of 19.5 days [13, 38
days] for neutrophil engraftment [15])

Additional tests
or investigations

There will be no substantial increase in the usage of tests, interventions,
facilities or technologies needed (Document B, B.1.3.7, page 43).

Apart from the required training provided by bluebird bio to healthcare
professionals for the administration of Zynteglo, all aspects can be adopted
within current skills, and the service can be delivered without significant
changes in the system [16]. These skills and services will include:

e Cell collection (from highly specialised professionals as stated above),
already in place via NHS Blood and Transplant Service (NHSBT) or other
relevant local services

¢ Non-malignant HSC transplantation in the licensed age range, already
conducted and set up in a number of hospitals within the UK for other
indications

e Medical management of haemoglobinopathies to ensure readiness for
transplantation such as maintaining haemoglobin levels at pre-specified
levels and iron detoxification (not necessarily required at site)

e Ability to access patients through their referral networks and potential link
to the national haemoglobinopathy panel which is in planning; as well as
to implement necessary bluebird bio’s operating processes and systems.

For monitoring purposes of safety and efficacy, specific tests will be performed
such as simple blood tests [collection of samples for HbAT8? and vector copy
number) and also insertion site analysis (ISA) testing. These will be shipped
to a bluebird bio contracted lab and will be undertaken at the company’s
expense.

Treatment with Zynteglo involves structured and regular collaboration
between qualified treatment centres and the manufacturing site to meet
regulatory obligations and ensure patient safety.

List price and
average cost of

Zynteglo 1.2-20x10°8 dispersion for a one-time infusion:
£1,450,000 per treatment excluding VAT

a course of

treatment

Patient access Two patient access schemes have been submitted to the Patient Access

scheme (if Scheme Liaison Unit (PASLU), both of which are subject to approval. The first

applicable) is a simple patient access scheme (PAS) including a discounted price per
patient of _ Additionally, a complex PAS, consisting of an

outcomes-based payment over time scheme, complements the simple PAS
and helps address any NHS concerns about affordability, or the efficacy and
health economic uncertainties of Zynteglo._The complex PAS consists of
periodic payments that are conditional on the patient remaining free of

requiring transfusions for thalassaemia._Specifically, the NHS would pay an
inita of the cost of Zynteglo H
upon receipt of the product, and subsequent payments of

, contingent on the patient’s freedom from transfusions.
Full details of the operation of the complex PAS are provided in the PASLU
submission. Both the simple and complex PAS will be in place concurrently,
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In anticipation of the schemes being agreed upon for consideration by the
NICE committee, all budget impact analyses have been presented with both

patient access schemes included i.e. the discounted price along with
outcomes-based payment over time

A4 Decision problem and NICE reference case
The submission covers the technology’s full marketing authorisation for this indication. The
company submission is consistent with the final NICE scope and the NICE reference case.
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Table 2 The decision problem — Document B, B.1.1 pg. 15

Final scope issued
by NICE/reference
case

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

Population

People aged 12 years
and over with
transfusion-dependent
beta-thalassaemia with a
non-B0/B0 genotype,
who are eligible for
haematopoietic stem cell
transplantation but do
not have access to a
matched related donor

As per scope

Not applicable

Intervention

Zynteglo gene therapy
(autologous CD34+ cells
encoding BA-T87Q-
globin gene)

As per scope

Not applicable

Comparator(s)

Established clinical
management of
transfusion-dependent
beta-thalassaemia,
including blood
transfusions and
chelating agents

As per scope

Not applicable

Outcomes

The outcome measures
to be considered include:

e overall survival
e symptoms of
anaemia

e need for
transfusion

e iron overload
complications
(e.g. cardiac,

As per scope

Not applicable
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liver and
endocrine
complications)

e growth and
development (for
non-adults)

e adverse effects
of treatment

e health-related
quality of life.

Economic
analysis

The reference case
stipulates that the cost
effectiveness of
treatments should be
expressed in terms of
incremental cost per
quality-adjusted life year

As per scope

Not applicable

Subgroups to
be considered

People aged 12 years
and over with
transfusion-dependent
beta-thalassaemia with a
non-B0/B0 genotype,
who are eligible for
haematopoietic stem cell
transplantation but do
not have access to a
matched related donor

As per scope

Not applicable

Perspective for
outcomes

All direct health effects,
whether for patients or,
when relevant, carers.

The model captures outcomes for just
patients, and not their caregivers.

The impact on caregivers has been quantified in the bluebird bio UK
chart review. The mean EQ-5D of caregivers in the chart review was
0.89, compared to 0.9345 in the general population. Since the sample of
caregivers included in the UK chart review was limited and there are
likely to be strong associations between patient age and the care
burden, caregiver disutilities have not been included in the ICER,
resulting in the ICER potentially being overestimated.

Perspective for
costs

NHS and personal social
services (PSS)

The perspective on costs is that of the
NHS in England and Wales; PSS and

It was not possible to quantify costs from the perspective of PSS which
are required for the reference case. More than two-thirds of families with
children with TDT received disability living allowance and nearly half
received care allowance [17]. Furthermore, family members acting as
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non-health costs are not accounted
for.

carers may reduce their working hours or change their job; and patients
of working age may have reduced working hours or be unable to work
due to their regular transfusions or complications. The base case results
are therefore likely to be overestimating the ICER.

Time horizon

Long enough to reflect
all important differences
in costs or outcomes
between the
technologies being
compared

As per the NICE reference case, a life-
long time horizon has been utilised.

Not applicable

Synthesis of
evidence on
health effects

Based on systematic
review

Evidence for the intervention health
effects were obtained from
international single arm clinical trials.
Adequate evidence of the comparator
health effects used to populate the
model were not found in the published
literature, so were obtained from a UK
chart review.

There have been no additional relevant studies of Zynteglo conducted
outside of bluebird bio, and therefore a systematic review of clinical
efficacy studies for Zynteglo is not required.

As per section 2.1. of the NICE ‘User guide for company evidence
submission template’, a SLR of comparator technologies is only required
‘when an indirect or mixed treatment comparison is carried out’. Since
Zynteglo has only been evaluated in single-arm studies, an indirect or
mixed treatment comparison is not possible. In addition, transfusions
and chelation therapy would not be an appropriate comparator for the
primary and key secondary study endpoints of transfusion-
independence and transfusion-reduction because patients with TDT
receiving supportive care do not spontaneously achieve transfusion
independence or have significant reductions in their transfusion
requirements (Document B, Section B.2.9). However, bluebird bio has
historically conducted a SLR including treatment patterns and outcomes
available for reference [18].

Measuring and
valuing health
effects

Health effects should be
expressed in QALYSs.
The EQ-5D is the
preferred measure of
health-related quality of
life in adults.

As per the reference case, health
effects are expressed in QALYs.

Age-related utilities in the general
population, which are used as the
baseline quality of life, were based on
the EQ-5D-3L.

As per the reference case, the EQ-5D-
3L was used to measure quality of life
in patients receiving transfusions and
iron chelation therapy in the UK chart
review.

Due to the limitations of collecting Zynteglo quality of life data from the
clinical studies, a vignette study was conducted in the UK general
population to inform assumptions around the quality of life impact of
TDT and Zynteglo. Vignette-based methodology can be used to
estimate the utility impact associated with a treatment process, which in
the case of TDT, includes the ongoing cycle of transfusion and
chelation, as well as differences between conventional and
investigational stem cell transplant procedures. Generic preference-
based instruments such as the EQ-5D are not designed to be sensitive
to treatment process variables. In contrast, vignette-based methods are
useful for this purpose because health states can be designed to focus
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The utility for transfusion-
independence and the utility during the
transplant-year were obtained from a
vignette study. Utilities for the vignette
health states were then elicited in a
time trade-off (TTO) task with a 10-
year time horizon for the five chronic
health states and a 1-year time
horizon for the three path states
(which described a series of typical
health-related events during the year
in which the patient would undergo
either an autologous HSCT (i.e.
Zynteglo) or an allo-HSCT).

on treatment process attributes. Therefore, almost all studies estimating
treatment process utilities use the vignette-based approach.

Source of data
for
measurement
of health-
related quality
of life

Reported directly by
patients and/or carers

The EQ-5D-3L data collected from the
UK chart review was measured
directly in patients.

The vignette study was a hypothetical
study conducted with the general
population in the UK.

See row above.

considerations

the same weight
regardless of the other
characteristics of the
individuals receiving the
health benefit, except in
end-of-life or highly
specialised technologies,

population are paediatric patients that
stand to benefit most from Zynteglo,
and thus require specific
consideration.

bluebird bio believe that QALY
modifiers should apply on the basis of
severity, unmet need, the
transformative nature of the treatment

Source of Representative sample In line with the reference case. The EQ-5D-3L data collected from the UK chart review and the age-
preference of the UK population related EQ-5D-3L data was valued using the UK value set, which is
data for based on general population preferences.

valuation of The vignette study was conducted with the general population in the UK.
changes in

health-related

quality of life

Equity An additional QALY has | One-third of the expected patient The All-Party Parliamentary Group on Access to Medicines recently

recommended that NICE methods include QALY modifiers for severity
and unmet need. This is consistent with the process already in place
within the highly-specialised technology process, where a linear QALY
weighting between 1 and 3 is applied, dependent on the magnitude of
undiscounted incremental QALY gains. Products which offer 10 or fewer
incremental undiscounted QALY's have a QALY weighting of 1; 30
QALYs or more equates to QALY weighting of 3.

Summary of company evidence submission template for Zynteglo for treating transfusion-dependent beta-thalassaemia [ID968]
© bluebird bio (2019). All rights reserved

14 of 36




where QALY weightings
are applied

and the magnitude of benefit that it is
expected to provide. The model
indicates that patients treated with
Zynteglo are expected to gain 16
additional years of life, and 23.6
undiscounted QALYs.

Evidence on
resource use
and costs

Costs should relate to
NHS and PSS resources
and should be valued
using the prices relevant
to the NHS and PSS

As per the reference case, except one
cost which could not be obtained for
the UK. A French study was used for
hospitalisation for harvest and harvest
procedure, which was only £1,505 of
the pre-infusion costs.

bluebird bio have been working with
NHS England to seek confirmation of
the costs associated with the
preparation, administration and
monitoring of Zynteglo treatment.

All costs obtained through micro-costing using the NHS tariff, NHS
Blood and Transplant Price Lists, and published studies (inflated to
2018, where appropriate). The distribution of iron chelation use in UK
patients is obtained from the UK chart review, including the proportion of
patients that are receiving combination therapies.

Discounting

The same annual rate for
both costs and health
effects (currently 3.5%)

The same annual rate for both costs
and health effects has been used,
however a 1.5% rate has been used.

The use of lower discount rates (1.5% rather than 3.5%) is aligned with
the most recent UK HM Treasury Green Book [19]. The All-Party
Parliamentary Group on Access to Medicines recently recommended
that NICE adopts the HM Treasury Green Book rate of 1.5%.

Zynteglo meets the 2013 NICE Guide to the Methods of Technology
Appraisal criteria for non-reference case discounting:

e TDT patients in the UK face a quality of life equal to that of
progressed non-small-cell lung cancer

¢ By the nature of the gene therapy, there is no scientific rationale to
suggest that the benefits of Zynteglo will not be sustained over a
very long period

e The consistent evidence base for Zynteglo demonstrates that it is
highly likely that these outcomes will be achieved

e The introduction of Zynteglo will not commit the NHS to significant
irrecoverable costs, as the outcomes-based commercial
arrangement will ensure that the majority of payment () is
conditional on the patient remaining free of requiring transfusions
for thalassaemia
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A5

Table 3 Clinical effectiveness evidence

Clinical effectiveness evidence

Study title

HGB-205
Completed February 2019

HGB-204 (Northstar)
Completed February 2018

HGB-207 (Northstar-2)
Ongoing

LTF-303
Ongoing

Study design

Phase 1/2 open-label, non-
randomised, single site, single
dose, uncontrolled

Phase 1/2 open-label, non-
randomised, multi site, single
dose, uncontrolled

Phase 3 open-label, non-
randomised, multi site, single
dose, uncontrolled

Long-term follow-up Study for
patients enrolled in Studies
HGB-205, HGB-204, HGB 207,
and HGB-212

Population

Subjects with TDT who had
received at least 100
mL/kg/year of pRBCs or 28
transfusions of pRBCs per year
in each of the 2 years
preceding enrolment.

n=7 (4 non-B%B° genotype
TDT patients and 3 severe
SCD)

Subjects with severe SCD, or
TDT who received at least 100
mL/kg/year of pRBCs in each of
the 2 years preceding
enrolment.

n=18 (10 non-B%B° genotype
and 8 B%/B° genotype)

Subjects with TDT who do not
have a B° mutation at both
alleles of the HBB gene (i.e.,
non-B%pP): Cohort 1 subjects
212 and <50 years of age, and
Cohort 2 subjects <12 years of
age.

n=15 (all belong to non-B%/B°
genotype)

Patients with TDT or severe
SCD treated in bluebird-
sponsored clinical trials of
Zynteglo.

Intervention(s) | Zynteglo Zynteglo Zynteglo No investigational treatment
Dose: 23.0 x 108 CD34+ Dose: = 3.0 x 106 CD34+ Dose: 25.0 x 108 CD34+ was administered in this Study
cells/kg cells/kg cells/kg

Comparator(s) | N/A N/A N/A N/A
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Outcomes e Overall survival
specified in e Symptoms of anaemia

the decision e Need for transfusion
problem
e lron overload

complications: cardiac and
liver

e Adverse effects of
treatment

e Health-related quality of life

e Overall survival
e Symptoms of anaemia
e Need for transfusion

e lron overload
complications: cardiac and
liver

e Adverse effects of
treatment

e Health-related quality of life

e  Overall survival
e Symptoms of anaemia
e Need for transfusion

e |ron overload
complications: cardiac, liver
and endocrine

e Growth and development
(for children and
adolescents)

e Adverse effects of
treatment

e Health-related quality of life

e Overall survival
e Symptoms of anaemia
e Need for transfusion

e lron overload
complications: cardiac and,
liver and endocrine

e Growth and development
(for children and
adolescents)

e Adverse effects of
treatment

e Health-related quality of life

Reference to B.2.2. (pg. 53)
section in
submission

B.2.2. (pg. 53)

B.2.2. (pg. 54)

B.2.2. (pg. 55)

Transfusion independence (Tl) defined as weighted average Hb =9 g/dL without any RBC transfusions for 212 months at any time during the Study, after Zynteglo transfusion
Tl evaluable defined as subjects who have completed their parent study, or achieved TI, or won't achieve Tl in their parent study due to insufficient follow-up time remaining in parent study
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The safety and efficacy of Zynteglo in TDT patients with a non-B%B° genotype has been
assessed in two phase 1/2 Studies (HGB-205 and HGB-204) in patients with any TDT
genotype and an ongoing phase 3 Study (HGB-207) in patients specifically with non-3%@°
genotypes (Figure 3). An additional phase 3 Study (HGB-212) containing non-f%p° patients
will also be used to support the safety and efficacy data of Zynteglo in the process of the NICE
appraisal, however as yet relevant patients from this study are not yet Tl evaluable. Patients
from these 24-month Studies enter a long-term follow-up Study (LTF-303) for ongoing data
collection up to fifteen years in total. Patients who receive Zynteglo in the commercial setting
will be encouraged to enrol in a registry, which has been determined by the EMA to be part of
a post-marketing commitment, with a 15-year follow-up period (REG-501).

Figure 3 Zynteglo Lifespan Approach to Clinical Evidence Generation

NIl HGB-205 (N=4; ages 2 5 to < 35 years) Approv
~ 2
2=l All genotypes '
(7] :,: Sub nission
<t HGB-204 (N=18; ages > 12 to < 35 years) ﬂ
I 5 All genoty,
a = £ Improvement of transduction
in drug product manufacturing
HGB-207 Cohort 1 (N=15; ages 2 12 to < 50 years)
= Non-B%/° genotypes only
m 2
- 3 HGB-212 (N=15; ages < 50 years)
< g All genotypes
= ©
o s
Q

LTF-303 (15 year post-transplant long-term follow-up)
After completion of 2 years in parent study

and RWE

REG-501 (Drug Product Registry)
Post-approval follow-up

LONG-TERM
FOLLOW-UP

Note: The numbers of subjects given reflects the number planned for each group specified

A.6 Key results of the clinical effectiveness evidence

A.6.1. Proportion of patients achieving Transfusion Independence (TI)

Tl is defined as a weighted average Hb =9 g/dL without any pRBC transfusions for a
continuous period of 212 months at any time during the study after Zynteglo infusion. From a
total of 24 Tl evaluable patients, 20 patients (83.3%) have achieved TI. For patients treated
with Zynteglo in Studies HGB-204 and HGB-205, 11 out of 14 non-B%B° subjects (78.6%) met
the definition of Tl at any time. The subjects who did not achieve Tl in Phase 1/2 Studies were
either producing relatively low amounts of HbA™? and/or low amounts of endogenous HbA.
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In Study HGB-207, all but one of the 15 patients with at least three months’ follow-up have
become transfusion-free [20] (Figure 4), with 9/10 patients achieving TI. The patient that did

not achieve Tl had [
]
I (Document B, section B.2.6.1.1, pg. 88).

Figure 4 Time since last transfusion in patients in HGB-207
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110-1002
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I T T T T T T T T

0 3 6 9 12 15 18 21 24

Months Post Drug Product Infusion

B Period before last pRBC transfusion ® Period after last pPRBC transfusionl

Note: The figure includes patients >12 years who discontinued transfusions with > 3 months follow-up

A.6.2. Time from Zynteglo administration to last transfusion and to reach TlI
(secondary endpoint)

To date, all non-B°%p° treated patients (100%) with sufficient follow-up time (minimum 6 months
after Zynteglo infusion) have responded to Zynteglo, either discontinuing transfusions or
achieving notable reductions in transfusion requirements [20, 21].

Following the administration of Zynteglo, patients are expected to continue receiving
transfusions for a relatively short period of time. For non-B%B° subjects across studies who
achieved Tl at any time (N=20), the median (min, max) duration of time from drug product
infusion to last pRBC transfusion was relatively short, at | Il months. Median (min,
max) time to reach Tl was || | | |} QBJNNEEEE ronths (Document B, section B.2.6.1.2, pg. 90).

The long-term follow-up Study confirms that the majority of non-B%p° patients treated with
Zynteglo become TI (according to the protocol definition in the phase 3 Studies), and those
becoming Tl maintained this status for the duration of follow-up to date.

A.6.3. Duration of Tl (secondary endpoint)

The most recent Tl data indicate that once Tl is achieved, subjects maintain a state free from
chronic pRBC transfusions through latest follow-up. Duration of Tl was calculated for patients
in Studies HGB-204 and HGB-205 who achieved Tl at any time.
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All non-B%B° subjects who achieved Tl at any time (N=20) have maintained their Tl status
through all Hb assessments. The duration of Tl was censored at the last Hb assessment and
no events for loss of Tl have yet been recorded. For these 20 non-B%/B° subjects, median (min,
max) observed duration of Tl to date was 31.20 (12.1, 57.6) months, as all patients that have
achieved Tl remain free from transfusions at last follow up (Document B, section B.2.6.1.3,
pg. 92).

Figure 5. Duration of transfusion and transfusion-free periods in LTF-303
(HGB-204 and HGB-205)
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HGB-205-101-1202
HGB-205-101-1203
HGB-205-101-1206
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Source: June 2019 datacut, ISE Figures, pg. 1-2
Includes data through last available visit in Study LTF-303 as applicable [20]
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Figure 6. Duration of transfusion and transfusion-free periods in LTF-303
(HGB-207)
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Source: June 2019 datacut, ISE Figures, pg. 1-2
Includes data through last available visit in Study LTF-303 as applicable [20]

A.6.4. Durable production of Haemoglobin (Hb) (secondary endpoint)

In Studies HGB-204, -205 and -207, for the subjects who achieved Tl at any time (N=20),
median (min, max) weighted average Hb during Tl was 11.67 (9.3, 13.3) g/dL. For these
subjects, their weighted average Hb during Tl was generally equal or greater than their
baseline pre-treatment weighted average nadir Hb, when they were dependent on
transfusions, ranging from |l o/dL (Document B, section B.2.6.2.1 pg. 93).

Regarding the total Hb over time, for the nine subjects from Study HGB-207 who achieved Tl,
median (min, max) total Hb in the absence of transfusions at Month 6 was 11.90 (11.5,
13.3) g/dL. The total Hb remains stable over time for patients that have achieved Tl up to
Month 60 (Figure 7). From the subjects in Study HGB-207 who are not yet evaluable for TI, if
they maintain high levels of total Hb in the absence of transfusions, the majority are predicted
to achieve TI.
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Figure 7 Total Haemoglobin over time in non-B0/B0 in Tl subjects
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Data as of 31 July 2019.

Source: June 2019 data cut, ISE Figures, pg.110

Note: Subjects achieved Tl are presented with solid lines, subjects who are Tl evaluable but did not achieve Tl are presented
with dotted lines, subjects who are not Tl evaluable yet due to short follow-up are presented with dash lines.

To achieve persistent durability of efficacy in the case of ex vivo, LVV-based gene therapies
such as Zynteglo, treatment must result in the establishment of a population of
undifferentiated, long-term HSCs in the bone marrow which carry the gene of interest,
integrated into their genome.

Based on the mechanism of action of Zynteglo, which involves the insertion of functional
copies of B-A-T87Q into long-term repopulating HSCs, durable clinical efficacy has been
demonstrated out to 61.3_months, underscoring stable integration of the vector in the HSCs,
and consequently, stable expression of the transgene in erythroid cells. Therefore, it is
expected that the effects of the treatment will be life-long, and clinical data for patients that
have successfully engrafted and achieved transfusion-independence across clinical studies
support this view.

A.6.5. Transfusion reduction (secondary endpoint)

All patients from Studies HGB-204, HGB-205 and HGB-207 who did not achieve Tl (N=4),
maintained similar levels of transfusion reduction to last follow-up in Study LTF-303, with an
overall percent change of annualised number of transfusions from baseline at a median of
5 (from | o< year) (Document B, section B.2.6.3.1 pg. 100). For the three
non-B%BP subjects from Studies HGB-204 and HGB-205 who did not achieve Tl at any time,
their change in annualised transfusion frequency was || | | | | I c\er transfusions
per year for the two subjects from Study HGB-204, and |l fewer transfusions per year
for the subject from Study HGB-205. In patients from HGB-207 who did not achieve Tl or are

not yet evaluable for TI, there was a [l % reduction from | EEEEEEEIEGgGEGEGEGEGEGEGEGEGE
T, ransfusions to I
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up to the last follow-up visit [20]. The single patient who was evaluable and did not achieve TI,
achieved an annualised reduction of | % in transfusion frequency [20].

The changes in pRBC transfusion volume as compared to baseline pre-treatment transfusion
requirements for non-TI subjects showed an overall percent change from baseline annualised
volume at [J§% (Document B, section B.2.6.3.2 pg. 101).

A.6.6. Reduction in iron stores post-treatment

Patients who become Tl no longer experience additional iron loading. From the long-term-
follow up Study LTF-303, some patients who have completed their parent Studies (those
treated in Studies HGB-204 and HGB-205) and have achieved TI, have a decrease in burden
according to liver iron content (LIC), cardiac T2* and serum ferritin.

In the 11 non-BYR° patients in the HGB -204 and -205 Studies who achieved Tl to date, [l
had an LIC value at 48 months post-treatment [20, 22] lower than their pre-treatment baseline
measurement (Document B, section B.2.6.4.1 pg. 103). Cardiac T2* data, showed that all
patients continue to have normal cardiac T2* values through their last follow-up, with B
subjects demonstrating a cardiac T2* value that was higher than their pre-treatment baseline
demonstrating a reduction in cardiac iron (Document B, section B.2.6.4.2 pg. 104). Finally,
serum ferritin data showed || |GGG 2 < a scrum ferritin value at their last
follow-up lower than baseline (Document B, section B.2.6.4.3 pg. 106). According to latest
follow-up, the iron burden data for the nine subjects in Study HGB-207 who have achieved Tl
is not yet mature enough to show a definitive trend, with only approximately 12 months of
follow-up (two patients up to 24 months).

Following Zynteglo treatment, of the 33 subjects (from HGB-204, HGB-205 and HGB-207)
who have completed at least their Month 6 Visit, there were eight subjects who underwent
phlebotomy post-Zynteglo infusion, while twelve subjects stopped iron chelation therapy post-
Zynteglo infusion and did not undergo phlebotomy (Document B, section B.2.6.4.4 pg. 108).

A.6.7. Health related quality of life

HRQoL assessments were initiated in Studies HGB-204 and HGB-205 at different times (as
these studies weren't initially intended to be registrational) and therefore several subjects did
not have baseline QOL assessments, making it challenging to draw conclusions regarding the
HRQoL data reported (Document B, section B.2.6.5 pg. 109).

Considering results from EQ-5D-3L and EQ-5D-Y, measured values reported an improvement
in the HRQoL of non-p%/B° TDT patients, with | | I having improved or similar scores

for TTO and VAS, while [N <howed significant

HRQoL improvement in the ‘health state today’ measurements ([ | | | QBQEEEI in EQ-5D-3L
and from |l in EQ-5D-Y)..

PedsQL questionnaires also showed that || |GGG 20 improved results.
I (i ot have consistent results with EQ-5D-Y. PedsQL
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questionnaires were also completed by the parents of the TDT patients, with results showing
that their HRQoL from baseline up to month ||, [ parents, had an improvement in
their total scale score.

For the SF-36v2, |l showed a decrease in either category or both of the physical and
mental component summary.

The FACT-BMT showed similar or improving values from baseline to last follow-up for ||l
I o' the FACT-BMT Trial Outcome Index, the FACT-G Total Score and the
FACT-BMT Total Score.

A.6.8. Hospitalisation and health care resource utilisation

During Study HGB-204, hospitalisations were associated with mobilisation/apheresis,
conditioning, and recovery after Zynteglo BB305 Drug Product infusion. There was no
meaningful change in hospitalisation visits when comparing frequency of visits before
treatment and post-discharge following engraftment for all subjects. During the extension
Study LTF-303, there have been | that had overnight hospitalisation; | Gz
]
|

From Study HGB-205, hospitalisations post-discharge following Zynteglo took place on three
occasions, one for a wisdom tooth extraction which required hospitalisation for 9 days, one for
pneumonia which required hospitalisation for 7 days and a hospitalisation for major depressive
disorder for 2 days.

Finally, in the 2 years prior to enrolment in the HGB-207 Study there was _
I he Il subjects
who have at least 365 day post-Zynteglo infusion follow-up were not hospitalised in the 2 years
prior to enrolment and were also not hospitalised during the period from 12 months post-
Zynteglo infusion to last follow-up (Document B, section B.2.6.6 pg. 113).

A.6.9. Growth and development

For patients <18 years old, growth and puberty parameters such as hormonal testing, physical
examination and tanner staging were evaluated. This included Tanner staging at Screening
and every 6 months during puberty, as well as bone density, diabetes, endocrine, and
neurocognitive development evaluations. In Study HGB-207, Tanner staging was performed
for adolescent subjects with sufficient follow-up up to month 24. All were || GGG

I (Document B, section B.2.6.7 pg. 113).

A.6.10. Adverse reactions

No safety issues have been attributed to the BB305 lentiviral vector (LVV) in the phase 1/2
Studies [21] or the phase 3 HGB-207 Study [20] (Document B, section B.2.10.1 pg. 115).
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There has been no detection of replication-competent lentivirus, clonal dominance, or
haematological malignancy in these trials, including within LTF-303. In up to 61.3_months
follow-up there have been no instances of transplant-related mortality, graft rejection or GvHD
reported [22, 23]. Furthermore, || I /hich is a potential concern with gene

therapies, | ENNEEE (22, 23].

As of the latest data provided available, |l of non-B%/B° patients aged 212 years (ITT
population) experienced at least 1 AE, - experienced AEs related to drug product, and I
B <xpcrienced an AE > Grade 3 related to drug product. | subjects R
experienced at least 1 SAE with |l reported as a drug product-related SAEs. No deaths
were reported in the studies (Document B, section B.2.10.3 pg. 116).

A7 Evidence synthesis

As detailed in Table 2, since Zynteglo has only been evaluated in single-arm studies, an
indirect or mixed treatment comparison is not possible. In addition, transfusions and chelation
therapy would not be an appropriate comparator for the primary and key secondary study
endpoints of transfusion-independence and transfusion-reduction because patients with TDT
receiving supportive care do not spontaneously achieve transfusion independence or have
significant reductions in their transfusion requirements (Document B, Section B.2.9. pg. 114).

A.8 Key clinical issues

e The clinical studies conducted for Zynteglo are uncontrolled, with a limited patient
sample size which was inevitable due to the rarity of the TDT condition and the nature
of the intervention.

e Risks associated with Zynteglo treatment include the risks of myeloablative
conditioning with busulfan required prior to drug product infusion, as well as any
identified or theoretical risks of Zynteglo. To date, no safety issues have been
attributed to the BB305 lentiviral vector, with a risk management plan in place to
monitor and address safety issues. Ongoing data collection through clinical studies
and the Zynteglo registry (REG-501) will inform long-term safety of the therapy
(Document B, section B.2.13 pg. 146).

e Study LTF-303 and the bluebird bio sponsored Zynteglo registry (REG-501) are
designed to provide long term data for Zynteglo treatment with durable clinical efficacy
being already demonstrated out to 61.3 months. Long term data gathering is still
underway for gene therapies and Zynteglo, to show clinical efficacy over time. Zynteglo
was accepted into the Adaptive Pathways programme of the EMA in June 2014, in
order to engage early with stakeholders and discuss the development and registration
strategy of the product. bluebird bio’s approach to clinical evidence generation for
Zynteglo was based on the Adaptive Pathways principle that “the evaluation of all
drugs is not binary but a continuum” and so data will continue to be generated on the
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product through various modalities, including active surveillance and additional Studies
after initial and “full” licensing (Document B, section B.2.1.1 pg. 146).

e There is currently a limited data set available to provide clear evidence of the HRQoL
impact of Zynteglo therapy. Whilst most patients showed an improvement in their
HRQoL with time, there are limitations in the data due to an || GcNGEEEE
I or Studies HGB-204 and HGB-205 and ceiling effects in Study HGB-207,
where several patients rated their EQ-5D as 1 at baseline, equating to perfect health
(Document B, section B.2.6.5 pg. 109 and section B.3.4.5 pg. 182).

¢ Although the probability of patients achieving Tl is high, a small number (4 out of 24)
have not attained Tl but have had a meaningful reduction in transfusion frequency and
volume.

A9 Overview of the economic analysis

The model compares transplantation with Zynteglo gene therapy to blood transfusions and
iron chelation therapy, from the perspective of the NHS in England and Wales, over a lifelong
time horizon.

Iron overload and related complications account for the majority of TDT morbidity and
mortality. Historical data on overall rates of complications and mortality may not be predictive
of future outcomes due to changes in the management of iron overload that have occurred in
recent years. The modelling approach therefore maintains the focus on iron levels in the future
as driver of cardiac, liver and endocrine outcomes. An individual patient modelling approach
has been used to capture the effects of organ-specific iron overload, as it allows timing and
order to vary between the various events that occur in TDT. An Excel-based discretely
integrated condition event (DICE) simulation framework has been used to generate a discrete
event simulation model, which uses a series of conditions (e.g. the development of iron
overload) and events (e.g. blood transfusion).

As patients age, those who become transfusion-independent are assumed to have survival
and utility closer to the UK general population than transfusion-dependent patients. Patients
who are not transfusion-independent receive lifelong blood transfusions and iron chelation
therapy (at baseline levels or reduced frequency). Patients then experience iron-related
complications at rates consistent with the iron level in the appropriate tissue i.e. cardiac
complications are based on cardiac iron levels, liver complications based on liver iron
concentration (LIC), and endocrine complications based on serum ferritin. Mortality is
assumed to be dependent on age, gender, whether or not the patient is transfusion-
independent, and the presence of cardiac complications. A sequence of major events dictates
how this progression will occur during transplant and acute recovery, post-acute recovery, and
ongoing ageing (Figure 8). As myeloablative conditioning regimens given prior to Zynteglo
may cause permanent sterility, modelled patients are also at risk of subfertility or infertility
however this is commonly encountered with standard management due to iron overload
affecting the endocrine and reproductive systems therefore only the expected incremental
infertility is modelled.
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Figure 8 Model diagram — B.3.2.5 (page 161)
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A.10 Incorporating clinical evidence into the model

The baseline characteristics of the modelled population in terms of age and gender are based
on the Tl-evaluable patients from the clinical studies (HGB-204, 205 and 207) (n=24) to reflect
a cohort of patients that wish to receive gene therapy. One third of these patients are paediatric
patients, the oldest patient was - years and -% were female.

At baseline, transfusion-dependent patients have a specified level of iron as a function of
serum ferritin, LIC and myocardial T2*. bluebird bio conducted a chart review of medical
records in 9 UK centres (including 162 patients) to understand the current real-world routine
management for patients with TDT in the UK and iron levels. Since patients with high cardiac
iron loading would not be eligible for Zynteglo therapy, the distribution of Myocardial T2* was
adjusted such that no patients had high iron. The model assumes that the TDT cohort
receiving ongoing transfusions and iron chelation therapy will maintain a static distribution of
iron levels in the population over time.

Table 4 Iron levels in transfusion-dependant patients, based on a UK chart
review of 162 patients — B.3.3.1 (page 168)

Iron level Serum Ferritin LIC Myocardial T2*
Low Iron [ 61% 88%
Moderate Iron [ 23% 12%
High Iron [ 16% 0%
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The key clinical parameters for Zynteglo are the rates of transfusion-independence and
transfusion-reduction. The proportion of patients becoming transfusion-independent (20/24,
83.3%) is based on all Tl-evaluable patients from the HGB-204, 205 and 207 clinical studies.
In the 4 patients that did not achieve transfusion-independence, there was a mean reduction
in transfusion frequency of % so these patients are assumed to have % fewer
transfusions and a reduction in iron chelation therapy dosing.

As detailed in A.7.4, based on the mechanism of action of Zynteglo, which involves the
insertion of functional copies of a modified B-globin gene into long-term repopulating
haematopoietic stem cells, it is expected that the effects of treatment will be life-long.
Consequently, the rates of transfusion-independence and transfusion-reduction have been
extrapolated to the life-long time horizon of the model.

The long-term change in iron levels following Zynteglo are not well established from the
duration of follow-up data currently available. Therefore, data on iron levels in patients that
have received allogeneic-HSCT are used as a proxy for the expected time to normalisation
with Zynteglo. Transfusion-independent patients are assumed to have normalised iron levels
4 years after Zynteglo administration, whereas transfusion-reduced patients are assumed to
have mostly low iron levels, or moderate iron levels.

To predict the complications of iron overload, the model uses literature-based rates and risk
equations to estimate the rate of developing complications based on distribution of iron levels
in the heart, liver, and endocrine system. The rate of developing cardiac complications is
highest in patients with high iron (annual rate 0.065) but still occurs in patients with low iron
(annual rate 0.011). Liver complications only develop in patients with high iron (0.083). In
terms of endocrine complications, the rates of developing diabetes and hypogonadism are
dependent on age, serum ferritin and myocardial T2* (Table 53, page 180).

A.11
Table 5 Key model assumptions and inputs

Key model assumptions and inputs

Model input and Source/assumption | Justification
cross reference
Baseline Age and gender of the | The age and gender reflect a cohort of patients
characteristics of patient population is that wish to receive gene therapy. This is
patients based on patients consistent with the efficacy data which are also
Document B. section | enrolled in the clinical | obtained from the same population. Since
B.3.3.1 pg. 168 trials (HGB-204, 205 resource use and the distribution of iron-loading
and 207) that were for chelation agents is obtained from the UK
evaluable for TI. chart review, the same source is used for patient
Weight is based on the | weight, rather than the clinical trials. The mean
bluebird bio UK chart weight of patients in the UK chart review may in
review. fact be an underestimate due to missing data
being predominantly in adults rather than
adolescents, so using the mean weight from the
chart review may be considered conservative.
Mortality Transfusion- An assumed moderate impairment of survival is
Document B, section | independent: SMR included for transfusion-independent patients to
B.3.3.5 pg. 176 1.25 (assumed) capture the potential mortality impact of
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Transfusion-
dependant 3.9
(published literature)

Transfusion-reduced
2.6 (assumed)

Cardiac-related death
probability 13%
(published literature)

myeloablative conditioning. This is likely to be a
conservative assumption as it applies for the
patients’ entire lifetime. The likelihood of this
assumption being conservative is further
highlighted when considering that the assumed
value is consistent with SMR values reported for
patients with Type 2 diabetes [24].

Utility decrements
versus the general
population

Documents B, section
B.3.4.5 pg 182

Transplant 0.31
(vignette study)
Transfusion-
independent: 0.02
(vignette study)
Transfusion-
dependant 0.27 (UK
chart review EQ-5D)

Transfusion-reduced
0.12 (assumed)

Utilities of 1.0 were observed before transplant
which reflects ceiling effects and adaptation
bias. Due to these limitations, quality of life data
measured using the EQ-5D was prospectively
collected directly from patients receiving
transfusions and iron chelation during the UK
chart review. A vignette study was conducted in
the UK general population to inform
assumptions around the quality of life impact of
TDT and Zynteglo. A vignette method was
appropriate for Zynteglo patients as it is not
routine practice and therefore the utilities are
hypothetical.

Costs associated
Zynteglo
administration and
monitoring

Document B, section
B.3.5.1 pg. 187

Pre-infusion costs
£27,057 and £27,130
for those below and
above 18,
respectively.

Administration costs
£34,539 and £18,529,
respectively.

Monitoring costs
£1,138 for Year 1 and
2 and £937 for year 3
and 4.

All costs obtained through micro-costing the
Zynteglo study protocols, using the NHS tariff,
NHS Blood and Transplant Price Lists, NHS
reference costs, the PSSRU Unit Costs of
Health and Social Care and published studies
(inflated to 2018, where appropriate). The only
non-UK cost was for hospitalisation for harvest
and harvest procedure, which was only £1,505
of the pre-infusion costs.

Annual acquisition and
administration costs of
blood transfusions and
iron chelation
therapies in
transfusion-dependant
patients

Document B, section

Transfusions: £2,326
and £4,527 for those
below and above 18,
respectively.
Desferrioxamine
acquisition costs
£5,836 and £8,753 for
those below and

All costs obtained through micro-costing using
the NHS tariff, NHS Blood and Transplant Price
Lists, and published studies (inflated to 2018,
where appropriate).

As a subcutaneous treatment, desferrioxamine

is associated with administration costs whereas
the other two iron chelation therapies and oral,

with no administration costs.

B.3.5.1 pg. 187 above 18, The distribution of iron chelation use in UK
respectively; patients is obtained from the UK chart review,
administration costs including the proportion of patients that are
£9,220 receiving combination therapies.

Deferosirox acquisition
£23,011
Deferiprone
acquisition £5,829
A.12 Base-case ICER (deterministic)

The base-case results for Zynteglo versus transfusions and iron chelation therapy are shown
in Table 6, which includes the simple discount and the outcomes-based scheme. Note that
the life years results presented are not discounted by costs and QALY's are discounted.
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Table 6 Base-case results (deterministic) — B.3.7 (page 212)

Technologies | Total Total Total Inc. costs | Inc. LYG | Inc. ICER
costs (£) | LYG QALYs | (£) QALYs (£/QALY)

Transfusions

and iron

ehelation e 38.10 17.79

therapy

Zynteglo e 54.27 3142 | 1N 16.17 13.62 e

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

A.13  Probabilistic sensitivity analysis

The distributions used to measure uncertainty in each variable is detailed in Document B,
Table 70 (pg. 202). The results of the PSA suggest that the total costs of transfusions and iron
chelation therapy have decreased and the total QALYs have decreased in both the Zynteglo
and the transfusions and iron chelation therapy arms. This results in greater incremental costs
and lower incremental QALYs versus the base case analysis, resulting in a higher ICER. One
potential reason for the discrepancy in deterministic and probabilities analysis is that the age
distribution sampled in the PSA allowed ages of up to 50 years, whereas only patients up to
the age of [ are included in the efficacy population (patients evaluable for T1). This population
was chosen for the base case to reflect a population wishing to receive a gene therapy.

Table 7 Base-case results (probabilistic) — B.3.8 (page 213)

Technologies | Total Total Incremental. | Incremental | ICER versus baseline
costs (£) | QALYs | costs (£) QALYs (E/QALY)

Transfusions

and iron

chelation L 17.04

therapy

Zynteglo Bl | 2708 ] 13.25 ]

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYSs, quality-adjusted life years
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Figure 9 Scatterplot of probabilistic results — B.3.8 (page 214)

A.14  Key sensitivity and scenario analyses

The results of the deterministic sensitivity analysis indicate that the ICER is most sensitive to
the cost of chelation therapies, the use of deferasirox versus deferiprone, the age distribution
of the patient population, the disutility associated with transfusion-dependence, body weight
and the cost of infertility. The results are insensitive to the distributions of iron loading,
complication rates, Zynteglo administration and monitoring costs, other infertility variables,
and standardised mortality ratios.
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Figure 10 Tornado diagram — B.3.8 (page 215)

The results of the scenario analysis indicate that the results are sensitive to the age distribution
and relatively insensitive to the mortality assumptions around transfusion-independence,
which is consistent with the deterministic sensitivity analysis results.

Table 8 Key scenario analyses — B.3.8 (page 215)

(Document B,

populations (e.g. %

scenario is unlikely to accurately

Scenario and Impact on

Scenario detail Brief rationale base-case
cross reference

ICER

Base case -
Use of HES for Broader age distribution To consider the impact of
age distribution with older patients included | introducing Zynteglo on the
rather than e.g. -% aged 12-17 and | prevalent UK population rather I
clinical trial i% aged 40-45 years), than using international clinical [+24%]
populations compared to trial trial populations. Note that this
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B.3.3.1, page aged 12-17 years and reflect a population that wish to
168) oldest patient aged [l receive a gene therapy.
Mortality: no The assumed moderate

impairment of
survival due to

SMR for transfusion-

impairment of survival is included
to capture the potential mortality

myeloablative independent patients of impact of myeloablative -
conditioning 1.00, rather than 1.25 in conditioning. This is likely to be a [-5%]
(Document B, the base case conservative assumption as it
section B.3.3.5 applies for the patients’ entire
pg. 176) lifetime.

First year of transplant: no

change from base case

Transfusion-independence:

no change from base case )

. To explore the impact of an
o Transfusion-dependant . s

Utility values from . ; alternative source of utilities,
vignette study g);aej Sggigoonztgei;agg; .e whereby the same source is used |
(Document B, cése ’ for all utilities, rather than the base [+8%]
B.3.4.5, page ) case where both vignette 0
182) Transfusion-dependant decrements and the UK chart

(subcutaneous chelation

review are utilised.

therapy): 0.33 versus 0.27
in base case

Transfusion-reduction: 0.20
versus 0.12 in base case

Results with || | | I h2v< been provided in Document B (section B.3.8 pg. 217).

A.15 Innovation

Ex-vivo gene therapy seeks to treat the underlying cause of a disease by transferring a target
gene of interest into a patient's own cells, therefore this technology has the potential to offer
patients a transformative treatment option without the safety risks associated with allogeneic
HSCT. The UK government recognised the potential of gene and cell therapies early and
invested significantly into the gene and cell therapy catapult, the new manufacturing
opportunities in Stevenage and through innovate UK, directly into hospital providers to explore
how these ground-breaking innovations could be incorporated into the NHS (Document B,
section B.2.12 pg. 143).

Zynteglo is the first and only one-time gene therapy for TDT that gives patients the potential
to reach transfusion independence. BB305 Lentiviral Vector (LVV) is a replication-defective,
self-inactivating (SIN), third-generation, human immunodeficiency virus type 1 (HIV-1)-based
LVV, which was specifically designed by bluebird bio to achieve sufficiently high levels of
transgene-derived Hb that would eliminate or significantly reduce the need for transfusions.

Zynteglo offers eligible patients a one-time, ex-vivo, gene therapy treatment that addresses
the underlying genetic cause of the condition. Since only 25-30% of paediatric patients will
have access to a suitably matched donor and allo-HSCT in not performed in adults, Zynteglo
therapy offers those patients unable to undergo allo-HSCT a new option that corrects the
underlying genetic aberration in TDT patients. In light of this, treatment with Zynteglo is
considered a disruptive innovation that can eliminate the need for life-long supportive care
with regular transfusions and iron chelation therapy, for the majority of patients.
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A.16  Budget impact

Table 9 Budget impact — Company budget impact analysis submission, Table
16 (page 32)

Company estimate Cross reference

Number of people in
England who would
have treatment

The base case analysis estimates | Document C, Section 3.2 and
. prevalent patients would be Section 5

treated over several years, in

addition tofj incident patients per

year. NHS England estimated

uptake assumptions suggest this

could be as high as ] prevalent

patients and . incident patients,

which could be treated over al

year timeframe.

Average treatment I Document C, Section 1.1

cost per person patients becomes and remains
transfusion-independent for [l
[l Based on the clinical trials,
83.3% of patients became
transfusion-independent so the

full cost of £l would be

incurred for 83.3% of patients,
whilst a cost of only I
would be incurred for the
remaining 16.7% of patients. This
equates to an average cost per
patient of £l for Zynteglo
(exclusive of pre-transplant costs
and administration costs).

Estimated annual
budget impact on the
NHS in England

With the submitted patient access | Document C, Section 7.1
schemes for Zynteglo (see Table
1), the budget impact is estimated

to be L] in the first year
rising to L]l in year five.

A.17 Interpretation and conclusions of the evidence

As detailed in section A.15, the UK government has recognised the potential of gene and cell
therapies. Zynteglo has demonstrated consistent clinical efficacy in the population defined in
the scope with pooled results across clinical studies showing a timely onset of effect and
transfusion-independence achieved in the majority. Transfusion-independence represents a
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clear and meaningful benefit to patients and prevents the significant life-shortening
complications of TDT.

Compared to transfusions and iron chelation therapy, Zynteglo is expected to increase survival
by 16.17 years and is associated with 23.55 undiscounted incremental QALYs and 13.62
discounted incremental QALYs. The ICER (including commercial arrangements) is £jj | |l
per additional QALY gained. This ICER is driven by the utility gain and cost offsets from
avoidance or reduction in lifelong transfusions and iron chelation therapies, as well as the
avoidance of heart, liver and endocrine complications.

A key strength of the analysis was the collection of UK specific data to ensure generalisability
of the results to England and Wales. The large chart review conducted by bluebird bio provides
UK-specific, current treatment patterns and patient outcomes which are pivotal to the model
structure. The vignette study, conducted to measure utilities which cannot be obtained
accurately from the clinical trials (i.e. transplant year and transfusion-independence), was also
conducted in the UK with respondents from the general population.

As stated in Table 2, it has not been possible to quantify the impact of the treatment on
caregivers of children and adult patients with TDT. Furthermore, the modelled complications
are limited to cardiac disease, liver disease, hypogonadism and diabetes so it is likely that not
all health-related costs associated with chronic transfusions and the subsequent iron overload
have been considered in the analysis. In addition to the underestimated health-state costs, it
has not been possible to estimate the personal social service costs, such as disability living
allowance, which a UK study indicated that two-thirds of families of children have received.
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields,
so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

Zynteglo trial data

A1. Priority question: The CONSORT flow charts in Appendix D1.2 are unclear in
terms of missing reasons for exclusion and which patient subgroups are included.
Consequently, the numbers do not add up correctly. Please provide revised
CONSORT flow charts specifically for the patients who fit the NICE scope — please
ensure an intention-to-treat (ITT) approach is adopted. Please provide: number
screened for eligibility, number ineligible/excluded, number who declined
participation, number recruited into study, number of patients mobilised, and the
number who received a Zynteglo infusion. Please provide clear reasons for

withdrawals at each stage and ensure that the numbers add up.
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Figure 1. Study disposition for HGB-204
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Figure 2. Study disposition for HGB-205
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Figure 3. Study disposition for HGB-207
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« Cardiac T2* <10ms measured

* Withdrawal of consent (N=3)

by MRI (N=1)

* Presence of a mutation
characterized as B0 on both
HBB alleles . (N=1)

Cohort 1
Subjects 212
years of age

Non-B9/B° subjects
Mobilised (N=16)

[—

Zynteglo infusion (N=15)

Discontinued after mobilisation

and prior to conditioning (N=1)
* Pregnancy (N=1)
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Mobilised (N=7)
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l—‘ mobilization/apheresis, but is

Zynteglo infusion (N=6)
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A2. Priority question: Please provide the most up-to-date CONSORT flow-chart for
study HGB-212 for the subgroup of patients who fit the NICE scope.

Figure 4. Study disposition for HGB-212

Screened (N=14)

l Ineligible (N=0)

Non-B9/B0 subjects
Mobilised (N=14)

3 subjects have not yet
l undergone conditioning nor
received Zynteglo infusion

Zynteglo infusion (N=11)

A3. Priority question: Please provide further details for studies HGB-212 and
LGO001, specifically using the fields presented in Table 10 (in the Company
Submission), and by adding rows for HGB-212 and LG001 to Table 8 (in the
Company Submission). Please provide a clinical study report (CSR) and CONSORT
diagrams for studies HGB-212 and LG001.

Study LG001 was a phase | study utilising a different vector for HSC transduction known as
HPV569 and as a result, a different drug product to Zynteglo. The study was terminated as a
new vector was developed however two patients were treated. In discussions with the EMA,
LG001 was considered ‘proof-of-concept’ for Zynteglo, but ultimately utilised a different
product. Therefore, as LG001 was a phase | study using a different vector and resultant drug
product, evidence from the study is not being used in this submission and so a CSR and
CONSORT diagram has not been provided.

The CONSORT diagram for study HGB-212 is provided in A2, while further details have been
provided below.

Table 1. Overview of Clinical Studies Evaluating Zynteglo for non-B%B° genotype patients with
TDT (Table 8 in main submission)

Study type,
Zynteglo dose

Study population, planned
n (actual n for completed

Study, status, Primary endpoint(s)

manufacturing

study

Dose: = 5.0 x 10 CD34+
cells/kg

n=14 (5 non-B%pB° and 9
B%/B° genotype TDT
patients)

process* studies)
HGB-212 Phase 3 open-label, single- | TDT (any genotype) Efficacy: Proportion of patients
(ongoing) arm, multisite, single-dose Age <50 years achieving transfusion reduction (TR),

defined as demonstration of a 260%
reduction in the annualised volume of
packed red blood cells (pRBCs)
transfusion requirements (in mL/kg)
in the post-treatment time period
from 12 months post-drug product
infusion through Month 24
(approximately a 12-month period),
compared to the annualized mL/kg
pRBC transfusion requirement during
the 2 years prior to study enroliment.

Clarification questions
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Table 2. Clinical effectiveness evidence for Study HGB-212 (same as table 10 in main

submission)

Study HGB-212
Study design Open-label, single-arm, multisite, single-dose, Phase 3 study
Population Subjects with TDT who had received at least 100 mL/kg/year of

pRBCs (all subjects) or be managed under standard thalassaemia
guidelines with =8 transfusions of pRBCs per year in the 2 years
preceding enrolment (subjects 212 years).

application for marketing
authorisation

Intervention(s) Zynteglo gene therapy
Comparator(s) None; single-arm study
Indicate if trial supports Yes X Indicate if trial used in the | Yes

economic model

No No X

Rationale for use/non-use
in the model

Data from this study have not yet been included in the submission
as patients were not yet evaluable for transfusion-independence
and so data was not yet mature to provide meaningful results.

Reported outcomes
specified in the decision
problem

e Overall survival

e Symptoms of anaemia

¢ Need for transfusion

e Iron overload complications: cardiac and liver
e Adverse effects of treatment

e Health-related quality of life

All other reported
outcomes

e Use of iron chelation

e Phlebotomy

e Dyserythropoiesis

o Hospitalisations

e Pharmacodynamic endpoints

e Success and kinetics of HSC engraftment

e Detection of vector-derived RCL in any subject
e Presence of clonal dominance

AA4. Please clarify whether efficacy or safety data (or both) from studies HGB-212

and LGO001 are being used in the submission.

As mentioned in the main submission (pg. 46), emerging data from the non-%p° cohort of the
HGB-212 study will be used to support this appraisal of Zynteglo, as patients become
evaluable for transfusion-independence. Results from 3 Tl evaluable patients from study HGB-
212 will become available early December and will be presented during the appraisal. For the
main submission in October, data was not yet mature to provide meaningful results.

Study LG001 was a phase | study utilising a different vector for HSC transduction known as
HPV569, and therefore a different drug product from Zynteglo. As a result, evidence from the
study is not being used in this submission.
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AS5. Priority question: Please provide genotype characteristics of all eligible ITT

patients included in the Company Submission using the categories: 3+/B+, B+/30,
BE/BO, BS/BS, BS/BO, BS/B+ e.g. how many patients were 3+/B+ etc.

Please see below the genotype characteristics of all eligible non-B%B° subjects from the ITT
population. Although study HGB-205 included Sickle Cell Disease (SCD) patients, this
submission does not contain data from these patients (as these patients are not indicated per
the Zynteglo SmPC). Therefore, genotypes such as BS/BS, BS/B0, BS/B+ are not included in
this submission. The subject genotypes included in this submission are: 6 3+/p+ subjects (of
which [l 1vS-1-110), 15 BE/BO subjects and 10 B0/B+ subjects.

Table 3. Genotype characteristics of non-%B° subjects of the ITT population included in the
Zynteglo submission (Studies HGB-204, HGB-205, HGB-207)

Subject

Non-B%B° Genotype

p+/B+

BE/BO

B+/B+

BE/BO

BO/B+

BO/BX*

BE/BO

BE/BO

BE/BO

BE/BO

BE/BO

BE/BO

BE/BO

B+/B+

BE/BO

BE/BO

BE/BO

BO/B+

B+/B+

BO/B+

BE/BO

BO/B+

BO/B+

BO/B+

B+/B+

BO/B+

.
B+/B+

BE/BO

BE/BO

BO/B+

* B0/BX: The unknown allele is a B+ mutation since this subject can produce some endogenous HbA

AG6. Please state how many patients had an IVS-I-110 or IVS-I-5 mutation and

provide results for these patients on transfusion independence and transfusion

reduction. Please comment on whether the proportion of patients with IVS-I-110 or

Clarification questions
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IVS-I-5 mutations in the Zynteglo studies adequately reflects the proportion likely to

be eligible in the NHS (under Zynteglo’s current license).

In Study HGB-207, [l patients (subject NG ) i th

the IVS-1-110 mutation were screened, however subject || |Gz did not receive
Zynteglo as the study inclusion/exclusion criteria were not met. Study HGB-204 included |||}

patient with the IVS-I-5 mutation (Subject | EGczczN).
Subjects |GG < - transfusion-free at last study visit although

not yet Tl evaluable (as determined by patients that have completed their parent study, or
achieved TI, or won't achieve Tl in their parent study due to insufficient follow-up time
remaining in parent study).

From study HGB-204, subject [ Il has achieved the definition of TI with duration of
Tl at last visit being JJf months.

Table 4. Transfusion requirements for non-B%B° subjects (IVS-1-110 or IVS-I-5)

Parameter

Baseline

Annualised number of transfusions |

6 months through last study visit

Annualised number of transfusions

Change from Baseline annualised number of
transfusions

Percent Change from Baseline annualised
number of transfusions

With regard to the representativeness of the proportion of patients with IVS-1-110 and IVS-I-5
mutations included in the Zynteglo clinical studies and patients with these genotypes in the
UK, specific genotype data from a bluebird bio sponsored study of genotyping adult patients
with B-thalassaemia from the Manchester centre for Genomic Medicine demonstrate 4 of 14
patients with non B%B° genotypes with an underlying IVS-I-110 or IVS-I-5 mutation.

A7. Priority question: Please state the genotypes of all 4 patients who did not

achieve transfusion independence.

Subject Non-B%B° Genotype
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A8. Priority question: Do any of the effectiveness results submitted in Document B
include data from patients under 12 years old or with B% B° genotypes — if so, please
resubmit the results excluding these patients.

The results in our submission do not include patients under 12 years old or with B%B°
genotypes.

A9. Priority question: Please explain why | Gzl from HGB-205 R
I - t-ansfusion despite having low levels of haemoglobin. Please explain why

B /25 2ssumed to be transfusion-reduced, despite not receiving a

transfusion (Company Submission, page 101).

The decision to transfuse a patient is at the investigator’s discretion, in consultation with the
patient, unless the haemoglobin level is <7g/dL or the patient has symptomatic anaemia, in
which case RBC transfusion is recommended per protocol. Although the annualised number
of transfusions for subject | | | I have been reduced by [l the subject cannot be
considered Tl as they have not achieved the pre-specified definition of Tl stated in the clinical
trials for Zynteglo i.e. a weighted average Hb =9 g/dL without any RBC transfusions for
=12 months at any time during the study, after Zynteglo transfusion. This subject’s weighted
average Hb in the absence of pRBC transfusions was not sufficient to achieve Tl status as the
weighted average Hb was i} g/dL.

A10. Table 29 has the annualised number of transfusions for four patients (6 months
through last study visit). Please provide the time points at which the transfusions

occur for each patient.

Table 5. pPRBC (Packed Red Blood Cells) Transfusions

r

Clarification questions

Subject TI Date of Rel Amount Average Patient Volume
Transfusion Day Transfused Volume per Weight (kg) per Weight
(unit) Unit (mL) (mL/kg)
N ||
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A11. Please provide actual results (rather than just a narrative summary) on growth
and development outcomes, detailed as endpoints on page 72 of the Company

Submission.

Study HGB-207 includes the assessment of growth and puberty parameters (age appropriate),
bone density, diabetes, endocrine evaluations, and neurocognitive development (paediatric
subjects < 18 years of age).

Physical examination and Tanner staging results were summarised for subjects < 18 years of
age at Screening and every 6 months post-drug product infusion during puberty (with
individual patient data provided in a separate document under the file name: ‘Individual patient
growth data for HGB-207’). Results show that ] subjects underwent Tanner staging at
screening: l males ranging from 8 to 15 years of age, and - females ranging from 5 to 17
years of age. [JJ] subjects were considered pre-pubertal at the time of Zynteglo Infusion: [}

males (NG -« [ s
year-old female. [l subjects (I
B < < undergoing puberty, and the | s post-pubertal at

the time of drug product infusion. The other ] subjects who underwent Tanner staging did not
have data for the screening visit.

For the [ subjects with data after screening, ] showed a progression of staging over time,
with the exception of | B ho was already post-pubertal at the time of
screening. Of note, Subject || (12-year-old male), was assessed as Stage 11/l pubic
hair/genitalia at screening, then assessed as Stage |/l pubic hair/genitalia at Month 6 but had

I (o Stage !11/11l pubic hair/genitalia by Month 18.

A12. Please provide an updated CSR for study HGB-204 with all tables and figures.
The submitted CSR is referenced in the submission as a ‘draft’ and Figure 14 (page
126) does not show the relevant figures but states “Graphs being generated”. In
addition, Section 14 does not contain any of the tables or figures mentioned in the
text.

This has been provided as separate documents ‘hgb-204-body’ and the supplementary errata
‘HGB-204 - Clinical Study Report Errata - 24Sep2019’.

A13. Please provide a breakdown of which studies contributed patients to the safety
analyses, including the number of patients from each study and their diagnoses. The

footnotes for Table 36 (Company Submission, Page 116) refer to study HGB-206.
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Has this study also been included in the safety analyses? If so, please provide the

data (requested above) for this study.

The patients that contributed to the efficacy data of the submission also contributed to the
safety results. The baseline characteristics of these patients are provided in Table 18 of the
main submission (also copied below). All subjects are TDT patients with a non-g%p°genotype.

The footnote for Table 36 of the main submission is incorrect; the details mentioned for Study
HGB-206 (SCD patients), including the details on SCD related AEs from LTF-303 should be
excluded. Table 36 only contains non-B%R° patient data from studies HGB-204, HGB-205 and

HGB-207. HGB-206 is not part of the submission.

Table 6. Baseline Characteristics of HGB-204, HGB-205 and HGB-207 (non-8%°) (Table 18 of

main submission)

Parameter HGB-204" HGB-205 HGB-207
(N=10) (N=4) (N=21)

Sex

Male 3 (30.0) 2 (50.0) [

Female 7 (70.0) 2 (50.0) [ ]
Race

Asian 8 (80.0) 2 (50.0) [ ]

White 2 (20.0) 2 (50.0) [ ]

Other - - [ ]
Age at Informed Consent or Assent (category)

>18 years 8 (80.0) 2 (50.0) 9 (42.9)

212 to <18 years 2 (20.0) 2 (50.0) 6 (28.6)

<12 years 0(0.0) 0(0.0) 6 (28.6)
Splenectomy

Yes 3 (30.0) 3 (75.0) [ ]

No 7 (70.0) 1 (25.0) [ ]
Medical History in 2 Years Prior to Study Enrolment

pRBC (mL/kglyear) 164.06 174.95 201.53

(140.0, 234.5) (138.8, 197.3) (142.1, 274 .4)
pRBC (number transfusions/year) 13.45 12.13 17.79
(10.0, 16.5) (10.5, 13.0) (11.5, 37.0)
Weighted mean Hb nadir (g/dL) 8.73 9.46 9.44
(7.0, 9.8) (8.1,10.8) (7.5, 11.0)

Age at:

Consent/assent (years) 22.2 17.5 16.1

(16, 34) (16, 19) (8, 34)

Clarification questions
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Diagnosis (months) 88.9 9.3 [
(0, 315) (1,30) I
1st pRBC transfusion (months) 38.5 31.8 [ ]
(0, 132) (1, 84) [ ]
Established regular pRBC transfusion 99.2 52.8 [ ]
regimen (months) (8, 312) (1, 168) [ ]
Start iron chelation (years) 9.7 5 [ ]
(2, 26) (1,12) [ ]

Ref: June 2019 datacut ISE Tables pg. 16, 22, 34
*Study HGB-204 also contained patients with the B%B° genotype which are not included in this NICE submission as not related
to the population proposed.

Zynteglo treatment

A14. Priority question: Please provide details about how treatment with Zynteglo
will be implemented and delivered to NHS patients e.g. where does bluebird bio

propose Zynteglo will be manufactured and delivered?

bluebird bio has been in contact with NHS England to provide a detailed answer to NICE
regarding the implementation and delivery of Zynteglo to NHS patients.

As mentioned in the main submission (pg. 189), following the apheresis step in the Zynteglo
treatment process, collected cells will be shipped to the bluebird bio contract manufacturing
facility in Munich, Germany, for individual medicinal product manufacture. Following drug
product manufacturing, which takes approximately six to eight weeks, the product is
cryopreserved and sent to the qualified treatment centre, prior to the patient undergoing
myeloablative conditioning and subsequently, infusion of the drug product.

The delivery of the service will be performed at qualified treatment centres that have been
identified and commissioned by NHS England and have then been trained and onboarded by
bluebird bio. We are working with NHS England to assist in their planning for service provision.
We understand the intention is to match capacity with demand. The pathway for Zynteglo is
similar to an allo-HSCT and therefore providers must have JACIE accreditation for HST, as
well as for Immune Effector Cell Therapy. The link with haemoglobinopathy services is also
key and we understand NHS England is in the process of implementing the outcomes of the
Haemoglobinopathy Service Review. Further specifics are not currently available, but
discussion is ongoing between the company and NHS England’'s commissioning team with
the intent that the service would be ready to treat patients at the point reimbursement is
confirmed.

A15. Should Zynteglo be administered only once? Did any trial patients receive a

repeat infusion?

Zynteglo is a one-time therapy to be administered as a single-dose, according to the summary
of product characteristics (see section 4.2 Posology and method of administration of SmPC:
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‘Zynteglo is intended for autologous use and should only be administered once’). None of the
patients in the studies underwent a subsequent infusion and this is not licensed.

A16. Does the price of Zynteglo include mobilisation and apheresis, stem cell
processing and patient conditioning and inpatient stay (steps 1, 2, 3 and 5 as stated
on page 16 of the Company Submission)? If a patient does not make it as far as step
4 (Zynteglo infusion), who pays for steps 1 to 3?

The economic model does not specifically include a price for stem cell processing. This is not
a resource use item that is considered specifically in the model or expected to be paid for by
the NHS. Separate from the price input for Zynteglo in the model, there is a separate model
input for the cost of the inpatient stay for myeloablative conditioning of the patient and to deliver

the therapy as part of an autologous haematopoietic stem cell transplant. There are also
separate inputs for mobilisation and apheresis.

A17. The Company Submission mentions that back-up cells will be collected for
subject rescue in the event of an engraftment failure. Please describe what you
consider to be the likely clinical short- and long-term consequences for patients who
end up needing the back-up cells (presumably they will be worse off than before?).
Have back-up cells been needed in any trial of Zynteglo (regardless of diagnosis)?
No cases of engraftment failure have been observed in any of the Zynteglo clinical
programmes across TDT and sickle cell disease, such that back-up cells have not been
required to date. Since Zynteglo utilises the patient’s own cells i.e. is autologous, the risk of
engraftment failure is very low. Should this occur, the patient will be at short term risk of
infections, anaemia and bleeding whilst their haematopoietic system undergoes reconstitution
following infusion of the back-up cells, necessitating careful supportive management during
this period. Side effects from myeloablative conditioning both short and long-term, including

infertility, may occur and the patient's phenotypic expression of transfusion-dependent
thalassaemia would return.

Population

A18. Priority question: The NICE scope says that “HSCT is only considered in the
under 18s” (which our clinical adviser agrees with), and Zynteglo’s license says it is
for “treatment of patients 12 years and older with transfusion-dependent -
thalassaemia who do not have a B%B° genotype, for whom HSCT is
appropriate....... ”. Doesn’t this imply that the eligible population in the NHS are
patients aged 212 and <18 years?

The language in the Zynteglo indication regarding HSCT has been selected to ensure the
patient is eligible i.e. fit enough to undergo HSCT, irrespective of age, owing to the need for
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myeloablative conditioning. Therefore, the indicated population reflects those patients that can
safely undergo HSCT and are aged 12 or above. An upper age limit is not described in the
indication, or elsewhere in the summary of product characteristics.

A19. Priority question: Patients with cardiac, liver, and endocrine comorbidities
such as diabetes and hypogonadotrophic hypogonadism were excluded from the
modelled population. Would these patients be eligible to receive Zynteglo for

treatment on the NHS?

Individuals with TDT would not specifically be excluded from eligibility for Zynteglo due to
either diabetes or hypogonadotrophic hypogonadism. Zynteglo would not be considered
appropriate for TDT patients if they had a cardiac T2* value of < 10msec based on MRI. In
patients with high liver iron content, myeloablative conditioning may not be appropriate and in
Zynteglo clinical studies, patients with MRI findings suggestive of active hepatitis, significant
fibrosis, inconclusive evidence of cirrhosis, or liver iron concentration =215 mg/g required
follow-up liver biopsy in subjects = 18 years of age. In subjects <18 years of age, these MRI
findings were exclusionary, unless in the opinion of the investigator, a liver biopsy could
provide additional data to confirm eligibility and would be safe to perform. If a liver biopsy is
performed based on MRI findings, any evidence of cirrhosis, bridging fibrosis, or significant
active hepatitis was considered exclusionary.

A20. Priority question: Please estimate the size of the transfusion-dependent beta-
thalassaemia (TDT) population expected to be eligible for Zynteglo over the next five

years, and detail the assumptions underlying this estimate.

The eligible population included in the budget impact analysis is in line with the expected
indication. Zynteglo is indicated for the treatment of patients 12 years and older with
transfusion-dependent B-thalassaemia (TDT) who do not have a B%B° genotype, for whom
haematopoietic stem cell (HSC) transplantation is appropriate but a human leukocyte antigen
(HLA)-matched related HSC donor is not available.

Data from the Hospital Episode Statistics (HES) database (December 2018), indicated that of
the [l patients with TDT, ] patients were aged below 12 years (not licensed for Zynteglo).

As allo-HSCT is available and funded for paediatric patients with TDT in England, it is
expected that up to | of the adolescent patients may have access to a matched related
donor, which would disqualify them per the licensed indication, equating to - of the patients
identified in the HES database. Allo-HSCT is not recommended for adults regardless of donor
availability due to the risks outweighing potential therapeutic benefit.

Taking this into account leaves - TDT patients aged 12 and above who do not have access
to a matched related donor.

Turning to the genotype restriction per the licensed indication, data from the Oxford Molecular
Haematology Reference Laboratory and the Royal London Hospital, suggests approximately
2 of patients are expected to harbour a non-B%B° genotype. Applying this to the [JJl§ TDT
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patients aged 12 and above who do not have access to a matched related donor results in
Hl patients remaining.

The actual patient pool eligible for Zynteglo in clinical practice is likely to be further reduced
based on a small proportion of patients not fit to undergo transplantation. Approximately 10%
of patients are expected to be unfit to undergo myeloablative conditioning given the risk for
short and long-term toxicity, increasing with the age of the patient. Therefore, it is expected
that there will be approximately ] patients eligible for Zynteglo.

It is assumed that there are ] incident TDT patients per year based on national screening
report data (NHS, 2018). Applying the percentages for non-B%/g° genotype patients (JJjjj) and
patients without access to a matched related donor (Jilf) it is estimated that there would be
Il incident patients per year. These incident figures do not account for immigration cases
and European patients traveling to England for treatment, as data sources to estimate these
do not exist.

The estimated patient pool eligible for Zynteglo of - patients is likely to be further reduced
in clinical practice based on a proportion of patients choosing not to receive treatment due to
the need for myeloablative conditioning and/or the risks of gene therapy. These patients may
decline treatment with Zynteglo, particularly in the context of widely available standard
management in the form of blood transfusions and iron chelation therapy. Recent market
research conducted with TDT patients in England, suggests -% of patients would accept a
referral to a transplant physician and wish to move forward with Zynteglo (Figure 5). This leads
to a potential patient pool per the licensed indication that would be fit enough and willing to
undergo treatment with Zynteglo at approximately -

Using this same rate of patient preference (JJ|%) for incident patients suggests there would
be approximately []incident patients per year that may receive Zynteglo. It is assumed that all
| patients would be treated in each year, except the first year where uptake is expected to be
only | patient due to timing of guidance. Hence, the number of incident patients treated reflects
only preference.

Figure 5. Patient preference for Zynteglo treatment

Clarification questions Page 18 of 80



NHS England has also provided an estimate on the patient population likely to receive
Zynteglo with the number of total patients being | (based on higher assumed preference
rate).

A21. Priority question: How does the company anticipate the availability of
Zynteglo to change the eligible population over time? If all eligible patients are
treated and 100% of patients are diagnosed early, over time the age of eligible

patients will tend towards 12 years, given the current licence.

The patient preference study (Figure 5) shows a [J|% anticipated acceptance of Zynteglo by
patients. Only % of respondents would immediately accept a referral to a transplant
specialist to discuss Zynteglo, limiting the population from which transplant specialists can
choose eligible patients. This is due to a number of reasons such as the patient not being
interested in any procedure similar to a bone marrow transplant or because the patient is
satisfied with current treatment for beta thalassaemia. bluebird bio anticipates that as patients
and clinicians become more familiar with Zynteglo administration and the potential patient
benefits that the proportion of patients seeking treatment will be higher than the -% indicated
in the patient preference study.

If all eligible patients are diagnosed early and treated, there will be . patients eligible per year
(answer to question A20) with the addition of immigration cases and European patients
travelling to England for treatment under cross-border arrangements.

A22. On page 140 of the Company Submission, reference is made to B patients
having serious hepatic adverse events. Please provide the baseline characteristics
of the ] patients.

Table 7. Baseline Characteristics of the patients from HGB-204 and HGB-207 (non-B%R°)
experiencing serious hepatic adverse events

Study HGB-204 HGB-207

Event Grade

| Age (years) and Gender

VOD prophylaxis

Screening | Imaging LIC (mg
Felg dw)

AST (U/L)

ALT (UIL)

Total bilirubin
(umol/L)

Busulfan dosing schedule

Average busulfan AUC
(uUM*min)
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Systematic reviews

A23. Priority question: Please provide a systematic review which transparently

demonstrates that all the Zynteglo studies have been identified.

The systematic review will be provided as a separate document and should be viewed as AIC.

A24. Search strategies are referred to in several places within the submission report,
but they have not been included within the report or the appendices. Two systematic

reviews by Evidera (marked as confidential) appear within the reference pack:

Systematic review of the burden of disease and treatment for transfusion
dependent B-Thalassemia. EVA-20726, April 20, 2018, Version 3.0

Systematic literature review to support LentiGlobin® in transfusion-dependent
B-Thalassemia for NICE submission. Study Report. EVA-20726-04, 2 July
2019, version 1.0

Please confirm if the search strategies included in these two reports were used to

identify evidence for the SLRs included within the submission report.

We can confirm the search strategies included in these two reports were used to identify
evidence for the SLRs included within the submission report.

Section B: Clarification on cost-effectiveness data

Updated base case model

Please note that the model has been updated, taking into account ERG comments and
streamlined in order to reduce run-time for any sensitivity analyses, by ensuring that
instructions populating static conditions are not repeatedly executed. These changes have
been documented in Appendix H and the individual response with reference to structural
modifications to the model marked with * throughout. The original company submission and
updated model schematics can be seen in Figure 6 and Figure 7 below.
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Figure 6 Original company submission cost-effectiveness model schematic
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Green text indicates pathways that apply to standard of care only; blue apply only to Zynteglo,
purple apply to both. Direct arrows between events indicate mandatory sequences. The clock
icon indicates that the next event depends on the time of possible events, with the shortest
one taken. Solid arrows and borders indicate real-world events while dashed one indicate
events included to facilitate the modelling. Further details have previously been outlined within
the original submission.
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Figure 7 Updated model schematic
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The main changes relate to making the initial assignment of chelation consistent within both
arms, in line with the ERG queries regarding utilities and costs of transfusions and chelation
applied in the period after transplantation.
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The updated base case results for Zynteglo versus transfusions and iron chelation therapy are shown in Table 8, [ EGTGTcNGEG
B 7\ tcglo is associated with 15.84 years increased survival, 13.14 discounted incremental QALYs. Zynteglo is associated with
incremental costs of |l per patient compared to chronic transfusions and iron chelation and the ICER is |l per additional QALY
gained.

Table 8 Base case results using simple PAS

Technoloaies Total costs Total LYG Total QALYs Incremental Incremental LYG Incremental inc::ﬁeRntal
9 (discounted, £) | (undiscounted) (discounted) costs (£) (undiscounted) QALYs (E/QALY)

Transfusions

and iron [ ] 37.79 17.2

chelation therapy

Zynteglo [ 53.63 30.34 [ 15.84 13.14 [

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

Following the same methodology as in the original company submission, deterministic and probabilistic sensitivity analyses were conducted for
the base case. The results of the PSA are presented in Table 9, Figure 8 and Figure 9. The results are consistent with the deterministic base
case, with QALY results remaining stable and cost results showing - for both Zynteglo and the comparator. This can be seen when looking
at the spread of the individual iterations, with all paired comparisons showing large QALY gains and _ in incremental cost.

Table 9 Probabilistic sensitivity analysis results using simple PAS

Technologies Total costs (£) Total QALYs Incremental costs (£) | Incremental QALYs ICEI?;TCZ:;??;entaI
Transfusions and iron

chelation therapy I 17.33

Zymiedlo __ 3044 __| 13.11 B
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Figure 8 Cost-effectiveness plane: updated model
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Figure 9 Cost-effectiveness acceptability curve: updated model
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The results of the DSA can be seen in Figure 10, the results are consistent with the original company submission DSA.

Figure 10 Tornado diagram illustrating deterministic sensitivity results
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Three sets of scenario analyses were presented in the original company submission.

1) Hospital Episode Statistics (HES) data was used as a scenario analysis to approximate age distribution and gender, informed by data
from England. The clinical studies were used to inform age distribution in the base case as they could be assumed to be a population
wishing to undergo gene therapy, which HES doesn't offer.

2) For mortality following transfusion-independence, remove the assumed impairment of survival due to myeloablative conditioning (i.e. set
the SMR from 1.25 to 1.00).

3) Utility values based on the vignette study only, which is a hypothetical study in which utilities are not obtained directly from patients. The
following utilities are used:

o0 First year of transplant: no change from base case

0 Transfusion-independence: no change from base case

0 Transfusion-dependent (oral chelation therapy): 0.23 versus 0.27 in base case

0 Transfusion-dependent (subcutaneous chelation therapy): 0.33 versus 0.27 in base case

o Transfusion-reduction: 0.20 versus 0.13 in base case

The results using the updated model for these scenarios can be seen in Table 10 to Table 12. In line with the original company submission, these
scenarios indicate that the results are sensitive to age distribution and relatively insensitive to the mortality assumptions around transfusion-
independence, which continue to be consistent with the DSA results.
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Table 10 Scenario 1: Demographic characteristics: HES data

T . Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER
echnologies . . . LYG incremental
(discounted, £) | (undiscounted) (discounted) costs (£) (undiscounted) QALYs (E/QALY)
Transfusions -
and iron 32.69 15.22
chelation therapy
Zynteglo | 46.67 27.23 I 13.98 .
Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
Table 11 Scenario 2: Mortality: no impairment of survival due to myeloablative conditioning
. Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER
Technologies . . . LYG incremental
(discounted, £) | (undiscounted) (discounted) costs (£) (undiscounted) QALYs (E/QALY)
Transfusions -
and iron 37.79 17.2
chelation therapy
Zynteglo ] 55.67 31.05 | 17.88 13.85 ]
Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
Table 12 Scenario 3: Utility values from vignette study
T . Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER
echnologies . . . LYG incremental
(discounted, £) | (undiscounted) (discounted) costs (£) (undiscounted) QALYs (E/QALY)
Transfusions -
and iron 37.79 18.37
chelation therapy
Zynteglo N 53.63 30.47 I 15.84 12.1 .

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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Model

B1. PRIORITY QUESTION: Please provide full technical details of the DICE model,

including a full list and justification of “conditions” and “events”.

Per the request, bluebird bio has provided the following documentation regarding the technical
details for the DICE model for Zynteglo:

e Updated technical report with expanded model section (Appendix A)
o Detailed flow diagrams (above)

o Model Blueprint (Appendix B)

o User Guide (Appendix C)

¢ Updated Excel-based model with all components documented

B2. PRIORITY QUESTION: Please provide an explanation of how the model uses
and generates results using profiles and replications, making reference to the

following points:

a) How are profiles selected and cycled through? Is this sequential according to
profile ID?

b) How are results based on the same profile averaged and weighted (by age
group) within the same model iteration?

c) How does each model replication select the starting profile? 100 replications
using 1 profile produces very different results to 1 replication of 100 profiles.

d) Are the results of each profile run visible (as in a probabilistic sensitivity
analysis)? The results within the ‘Profile output’ tab do not seem to correspond to the
previous model run.

e) Why does increasing the number of profiles run change the results so
significantly?

a) The method of selection of profiles is specified in cell ProfSelChoice of the cost-
effectiveness model. The model only includes sampling from filtered profiles using
shares. To do this, a cumulative distribution of the shares is created, a random number
is chosen, and the corresponding profile is selected. This process is repeated until the
specified number of profiles (in cell NumProfiles) is reached. The Profile ID is only used
to identify the selected profile and is not used in the sampling.

b) The results are averaged in an iteration across all profiles, rather than by matched
profiles. The average is an unweighted mean.
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c) The starting profile is selected randomly from the profiles with a non-zero share. If a
single profile is selected in each of 100 iterations, there is no assurance that the 100
selections will correspond to the 100 selected in a single iteration because the random
number sequences will differ.

d) The model includes the functionality to produce profile level output by using the option
PrintPrfLevelOutput. However, this functionality has only been used for debugging
purposes. Note that the Profile Output won’t be updated or cleared out if the option to
print profile output is set to 0 when the model is rerun. Also note that this option
significantly increases model run time.

e) This indicates that the number of profiles needs to be greater to achieve stability of the
results. However, since our base case reduces the profiles for better concordance
between weight and age, the results remain stable. The PSA results remain consistent
with the deterministic base case, suggesting a robust base case.

B3. In the submission, it is claimed that the key benefit of using a model using the
DICE framework is that it avoids the need to model an unfeasibly large number of
health states corresponding to range of possible iron levels in three organ systems,
which may exist in a number of combinations and different timings (page 162 of the

Company Submission).

a) Please explain how events interact with the baseline characteristics of age,

gender and iron levels, and how they are modelled over time.

b) Please provide additional information on how the risk of complications of iron
overload are implemented in the model. For example, is the annual rate of the risk of
complications of iron overload applied to the patient’s current health state, or does it
take into account the time spent in that health state and in any previous health
states? For example, if a patient was previously in the high iron health state but has
successful chelation and reduced iron levels after a certain time point, is the risk
based on their new health state or does it reflect the time spent in the higher iron
level health state?

a) Age is used to select a time of death from baseline; determine the time of retirement,
and childbearing years. All utility decrements related to the disease, treatment, and
associated complications are applied to health utilities for a general UK population,
which are age-dependent and change over time. Age is also used to determine if the
patient is paediatric, impacting some cost inputs. Gender affects the parameters used

in the survival functions, and infertility. Iron load is not dependent on age or gender.
Mean weight is used to calculate the costs of chelators.
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The age category is updated when a child becomes an adult. Iron load category is
updated as described in response to Q B5d.

b) The risks of complications of iron overload are implemented in the Complications
calculator event for those not suffering these complications at the Start. This event is
called at the Start, in case of Relapse, at the time of Iron Assessment. The time to
each complication event (‘Cardiac’, ‘Liver, ‘Other) are selected from exponential
distributions, with the corresponding hazards adjusted to the new iron load if it has
changed. For ‘Other’, the shortest time of either diabetes or hypogonadism is selected.

The hazards depend only on the iron load category, not on the history or duration of
iron overload. A conditional failure-time approach is applied to adjust time-to-event
calculations for each complication to reflect previous risks and the predicted probability
of  experiencing the complication at the current model time.

No studies were identified in the SLR or search of real-world data sources which would
provide evidence of the relationship between iron levels at Time X and subsequent
clinical events (i.e. complications) at Time Y. It was determined that a long, prospective
study with a large sample size would be needed to generate this evidence, which would
not report in time to support the Zynteglo appraisal. Therefore, the model approach
and design outlined above was considered the most appropriate.
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B4. PRIORITY QUESTION. The submission states that “individual-patient characteristics are accounted for in the model”
(Company Submission, page 163). From inspection of the model, it appears that age and gender are modelled for individual patient

profiles, but baseline iron load and patient weight are modelled using the population average.
a) Please clarify how age and gender are linked to these other patient characteristics in the model.

b) Please include a scenario in the model which uses age- and gender-appropriate distributions of baseline iron load and
patient weight, if it is not already incorporated in the model, i.e. for each age and gender profile, please produce an analysis of the
chart review data that provides the mean patient weight and baseline iron levels, and incorporate that in the model.

a) Neither iron load nor patient weight were dependent on age and gender in the model included in the original submission. This has now

been updated so that weight is specific to each profile. Mean weight for each profile is used to calculate the costs of chelators.
There are insufficient data to make the baseline iron load distribution profile-specific (see response to B4 (b) below).

b) To make it possible to link the weight with age and gender, the profiles have been reduced to six: paediatric males and females, young
adult males and females, older adult males and females. The model has been modified to handle these profiles.*
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Profile Table (name: tbIProfileFile)

Time To Adult Mortality Lambda Mortality Gamma

a AW N =

6
Age category, Time to adulthood and the mortality parameters have been added to optimise execution time
and Gender has been converted to the index used in the model (1=male, 2= female).

As requested, an analysis of body weight by age group and by gender has been conducted. Sample sizes were limited — the results are provided
in Tables 1-3 in Appendix D.

As requested, an analysis of iron levels (liver, cardiac, serum ferritin) by age group and by gender has been conducted. Sample sizes were
limited — the results are provided in Tables 4-14 in Appendix D. Based on the results, there are no clear trends for iron overload status by age.
Therefore, it is still appropriate to handle iron overload distribution percentages at the population level, as currently modelled.

The results of a scenario utilising age category-specific body weight values for paediatrics and adults is presented in Table 13 below.

Table 13 Utilising age category-specific body weight values (pediatric and adult)

. Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER

Technologies (discounted, £) | (undiscounted) (discounted) costs (£) LYG QALYs incremental
’ (undiscounted) (E/QALY)

Transfusions

and iron e 37.79 17.2

chelation therapy

Zynteglo e 53.63 30.34 e 15.84 13.14 [

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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B5. Please clarify the following points regarding the timings of events in the model:

a) Please confirm the time point at which the costs and disutility for each type of
iron complication are applied in the model, and the time point at which the elevated

mortality risk for those with cardiac complications is applied.

b) Please allow for the time points in part (a) to be amendable inputs in the
model.

c) Please clarify whether the standardised mortality ratio (SMR) for transfusion-
independent patients is applied from baseline or from achieving independence (i.e.

at one year).

d) For time to iron normalisation, there are data tables relating to two time points.
Please provide further clarity on how these influence the model and describe how
iron levels are distributed between the high/medium/low iron health states between
these two time points. Is the four years to iron normalisation from Zynteglo treatment

or from achieving independence from transfusions?

a) Ultility is updated in the UtilityUpdate event. This event is called immediately after the
following events: TransfusionDependentOral, TransfusionDependentSC,
TransfusionDependentCombo, PreTransplant, Transplant, PostTransplantTF,
PostTransplantNotTF, Childbearing Start, Childbearing End, Cardiac Complications,
Liver Complications, Other Iron Complications, Death, Relapse, Iron Assessment,
and when the age category for utility changes. The disutility due to transfusion status
is updated whenever a change in transfusion status occurs. The disutility values
associated with complications are constant (initialised in the Conditions table), but
are only applied when the flag for the relevant complication is set to 1. A complication
flag is set to 1 if and when the complication event occurs.

After any change in parameters which relate to QALY accumulation (either the
disutility values or flags), the UtilityUpdate event is called, the age-based utility is
updated, and the current utility value is recalculated using either an additive or
multiplicative equation (iron complications are highlighted in green):

Additive: (AgeUltility(AgeUtilityIndex))*(1) +

(uDecrementPre Transplant)*(Pre TransplantFlag) +

(uDecrementTransplant +

uDecrementAcuteAE)*(TransplantFlag) +

(uDecrementSecondTransplant)*(Re TransplantFlag) +
(uDecrementPostTransplant)*(PostTransplantFlag) +

(uDecrementinfertility) *(Infertility*ChildbearingAge) +
(uDecrementCardiacComplications)*(CardiacCompFlag) +
(uDecrementLiverComplications)*(LiverCompFlag) +
(uDecrementOtherlronComplications)*(OtherlronCompFlag) +
(uDecrementTransfFree)*(TransfusionFreeFlag) +
(uDecrementTransfDep)*((1-TransfusionFreeFlag)*(1-TrFailureReducedTransf)) +

Clarification questions Page 34 of 80



(uDecrementTransfRed)*((1-TransfusionFreeFlag)*(TrFailureReducedTransf))

Multiplicative: AgeUltility(AgeUltilityIndex) *

((1+uDecrementPre Transplant)(Pre TransplantFlag)) *
((1+uDecrementTransplant+uDecrementAcuteAE)(TransplantFlag)) *
((1+uDecrementSecondTransplant)*(ReTransplantFlag)) *
((1+uDecrementPostTransplant)*(PostTransplantFlag)) *
((1+uDecrementinfertility)(Infertility * ChildbearingAge)) *
((1+uDecrementCardiacComplications)*(CardiacCompFlag)) *
((1+uDecrementLiverComplications)(LiverCompFlag)) *
((1+uDecrementOtherlronComplications)*(OtherlronCompFlag)) *
((1+uDecrementTransfFree)”(TransfusionFreeFlag)) *
((1+uDecrementTransfDep)((1-TransfusionFreeFlag)*(1-TrFailureReducedTransf)))*
((1+uDecrementTransfRed)((1-TransfusionFreeFlag) * (TrFailureReducedTransf)))

Therefore, if an iron complication is present at the time of the utility update, its
corresponding decrement is applied.

If cardiac complications are present at the start, then the corresponding mortality is
applied there. If they are not present, then the cardiac mortality is applied when the
cardiac complications event occurs. That event is called if cardiac complications are
found to occur in the Complications Calculator event, which is called at the Start, at
the Iron Assessment event and at the Relapse event (i.e., whenever iron load may
change).

b) As noted in our Response to Question B3 (b) there are no available data to link iron
levels at Time X with timing of future iron overload complications at Time Y. We believe
the model appropriately links the risk of complication based on likelihood of the patient
being at a given iron level (from the population distribution). Therefore, it is not
appropriate to make time points amenable inputs in the model.

a) The baseline SMR (value = 3.9 --which is the value associated with transfusion
dependence) is adjusted only at the time of the iron load assessments (the appropriate
value to apply after baseline is stored earlier to avoid complex nested IF statements in
the iron load assessment event). In the base case this event occurs only four years
after transplantation in those who achieve transfusion independence or reduction.

b) All patients are assigned iron load categories by organ (1:normal, 2:Low, 3:Moderate,
4:High) at the Start event. They remain in these categories until the iron assessment
event is called at its specified time point (4 years from Start and only called once in the
base case). At the iron assessment event, the iron load categories are assigned using
cumulative distributions that are specific to the current transfusion status (transfusion
independence, transfusion reduction, or transfusion dependence). If a second iron
assessment is scheduled, there will be an additional reassignment at that point. All
assignments use the stored random numbers assigned at initiation.

Iron load category is also reassigned at the Relapse event. This event is called at a
time selected from a distribution specified by the user. In the base case, those who
achieve transfusion independence or transfusion reduction never relapse. The period
of four years is the assumption of time taken to normalise iron levels post-Zynteglo,
based on the timing in published literature regarding iron normalisation post allo-
HSCT).
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Population

B6. Given that 14% of patients in the chart review had osteoporosis at baseline, and
approximately 40% of TDT patients have this condition (page 28 of Company
Submission), please provide further justification for the exclusion of osteoporosis
from the model. Please include a scenario in the economic model that includes
osteoporosis as a complication of TDT.

Osteoporosis is an important condition that impacts the lives of individuals with TDT. The SLR
did not identify any studies that reported on the incremental impact of osteoporosis on TDT
morbidity, QoL and mortality. Therefore, the base case assumes an SMR of 3.9 for TDT which
incorporates the impact of osteoporosis (and other non-cardiac conditions) on survival. In
terms of morbidity and QoL impact, the disutility for TDT in the model captures the QoL impact

of osteoporosis. Adding osteoporosis specifically into the model would therefore risk double-
counting morbidity and mortality impacts.

B7. The baseline levels of liver iron concentration (LIC) that are applied in the model
are reportedly taken from the Chart Review. However, the numbers in the model do
not appear to match the numbers reported in the source document (Table 36 and 37
in Chart Review draft manuscript). Please clarify which should be the correct
numbers.

There was an error in the reported percentages in Table 36 of the draft report (although the
patient counts by category were accurate). Taken directly from our abstract accepted at the
2019 ASH meeting, the correct percentages were used in the model, and are as follows:

‘median R2 LIC closest to data collection (n=120) was 5.4 (IQR 2.9-11.5) mg/g (<7 mg/g
[61%, n=73]; 7<15 mg/g [23%, n=28]; 215 mg/g [16%, n=19]).”

B8. Were baseline iron levels recorded in the HGB-204, HGB-205 and HGB-207
trials? If so, please described why they were not considered for use in the economic

analysis, and compare the values to the matched population in the chart review.

Table 14 below compares iron distributions from the key clinical trials (HGB-204, -205 and -
207; n=29 with non-B0/B0O genotype) with the UK chart review population (the full dataset as
reported in the ASH abstract; as well as a column for the requested subpopulation aged 12+
years without comorbidities that would preclude treatment with Zynteglo). The use of UK
specific, contemporary iron data is more appropriate as it is more reflective of UK patient
profiles, as opposed to utilising data from international studies with limited UK patients
enrolled.
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Table 14 Comparison of iron distributions from clinical trials with UK chart review

Iron Bluebird bio trial UK Chart Review Full UK Chart Review (Aged 12+
Level* population Population and excluding patients with
(n=29) (per ASH abstract) comorbidities that would
(n=165) preclude treatment with
Zynteglo)

Serum | Liver | Cardiac | Serum | Liver | Cardiac | Serum Liver Cardiac
Ferritin Iron T2* Ferritin Iron T2* Ferritin Iron T2*

il | ol | -l

tow |HENEN I BN N (610%|s00% N [N N
Moderate | [IIEEN | 1N | BN | D | 230% | 100% | 1IN | N | N |
High | THENEN | N | N | N | '60% | 100% | N | N | I |
*Notes:

Serum Ferritin: low iron, 1,000 ng/mL; moderate iron, 1,000-2,500 ng/mL; high iron, >2,500 ng/mL
Liver Iron Concentration: low iron, <7 mg/g; moderate iron, 7-15 mg/g; high iron, 215 mg/g
Myocardial T2*: low iron, >20 ms; moderate iron, 10-20 ms; high iron, <10 ms

Including conditions identifiable in chart review: cardiac T2* < 10ms, pregnancy, cirrhosis
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B9. PRIORITY QUESTION. Please provide the following additional scenarios within the economic model:

a) Analysis 1: Include a reanalysis of the baseline iron load distribution in terms of serum ferritin, liver iron concentration, and
myocardial T2* for the chart review population, excluding any patients with comorbidities that would preclude treatment with
Zynteglo (e.g. 20% of patients with hypogonadism). Please also exclude all patients with a high myocardial T2* and ensure this is

reflected in the recalculated baseline distribution of SF and LIC.

b) Analysis 2: Please recalculate baseline iron load distribution in the chart review population excluding the patients outlined in

Analysis 1, but also limiting the population to those aged 12-35 years.

c) Analysis 3: Please recalculate baseline iron load distribution in the chart review population excluding the patients outlined in

Analysis 1, but limiting the population to all patients aged <18 years (including the 42 patients aged <12).

d) Please also undertake Analysis 1 to 3 where iron load distribution is also linked to age and gender profiles, as requested in

question B4b.

Response:

a) The existence of hypogonadism would not preclude an individual with TDT from receiving Zynteglo treatment and therefore the requested
scenario is not plausible. The iron distribution data from the subset of patients with comorbidities that would preclude treatment with
Zynteglo are presented in Table 15 below.
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Table 15 Iron distribution of patients with comorbidities that would preclude treatment with Zynteglo

Iron Level UK Chart Review (excluding patients with comorbidities that would preclude treatment with Zynteglo)
Serum Ferritin Liver Iron Cardiac T2*
=l =D n=l
Low | | I
Moderate | | |
High | | |

b) The iron distribution data from the subset of patients aged 12-35 without comorbidities that would preclude treatment with Zynteglo are
presented in Table 16 below.

Table 16 Iron distribution of patients aged 12-35 without comorbidities that would preclude treatment with Zynteglo

Iron Level UK Chart Review (Aged 12-35 and excluding patients with comorbidities that would preclude treatment with Zynteglo)
Serum Ferritin Liver Iron Cardiac T2*
=D =l n=D
Low | | I
Moderate - - -—
High I I A

See Table 17 for the results of the model related to this scenario.
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Table 17 Iron overload distribution for TDT SoC per UK chart review reanalysis (excluding patients with comorbidities that preclude Zynteglo
treatment, or high cardiac T2%)

. Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER

Technologies (discounted, £) | (undiscounted) (discounted) costs (£) LYG QALYs incremental
’ (undiscounted) (E/QALY)

Transfusions -

and iron 37.79 17.27

chelation therapy

Zynteglo N 53.63 30.43 T 15.84 13.16 I

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

c) The iron distribution data from the subset of patients aged < 18 without comorbidities that would preclude treatment with Zynteglo are
presented in Table 18 below. Please note that patients aged < 12 would NOT be eligible for Zynteglo treatment per our current indication.

Table 18 Iron distribution of patients aged < 18 without comorbidities that would preclude treatment with Zynteglo

Iron Level UK Chart Review (Aged < 18 and excluding patients with comorbidities that would preclude treatment with
Zynteglo)
Serum Ferritin Liver Iron Cardiac T2*
=l n=l Qs )
Low | | |
Moderate | | |
High | | |

Clarification questions

See Table 19 for the results of the model related to this scenario.
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Table 19 Iron overload distribution for TDT SoC per UK chart review reanalysis (excluding patients with comorbidities that preclude Zynteglo
treatment, or high cardiac T2*; and ages < 18)

. Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER
Technologies (discounted, £) | (undiscounted) (discounted) costs (£) LYG QALYs incremental
’ (undiscounted) (E/QALY)
Transfusions -
and iron 37.73 17.06
chelation therapy
Zynteglo N 53.36 30.24 I 15.63 13.18 I

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

d) Per our prior responses, the available data are insufficient to provide profile-specific iron distributions
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Interventions and comparators

B10. Please provide an additional scenario in the model, whereby the proportion of patients receiving each type of chelation

therapy and mean number of transfusions for the transfusion-dependent population (both of which are sourced from the chart

review) are re-analysed and:

a) Scenario 1: Limited to those aged 12-35 years,

b) Scenario 2: Limited to all patients aged <18 years,

c) Please undertake both scenarios above where these inputs are linked to age and gender profiles, as requested in question
B4b.
Response:

a) Tables 15 and 16 in Appendix D provides the chelator use percentages and transfusion counts for those aged 12-35.
See Table 20 for the results of the model related to this scenario.

Table 20 Proportion of chelators and mean transfusions tied to reanalysis of UK chart review limited to ages 12 to 35

. Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER
Technologies (discounted, £) | (undiscounted) (discounted) costs (£) LYG QALYs incremental
’ (undiscounted) (£/QALY)
Transfusions -
and iron 37.79 17.2
chelation therapy
Zynteglo | 53.63 30.34 I 15.84 13.14 ]

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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b) Tables 17 and 18 in Appendix D provides the chelator use percentages and transfusion counts for those aged < 18 years.

See Table 21 for the results of the model related to this scenario.

Table 21 Proportion of chelators and mean transfusions tied to reanalysis of UK chart review limited to ages < 18

. Total costs Total LYG Total QALYs Incremental Incremental Incremental . ICER
Technologies (discounted, £) | (undiscounted) (discounted) costs (£) LYG QALYs incremental
’ (undiscounted) (E/QALY)
Transfusions -
and iron 37.79 17.2
chelation therapy
Zynteglo ] 53.63 30.34 I 15.84 13.14 |

Abbreviations: BSC, Best Standard of Care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

c) Each of the six profiles have now been assigned an age and a chelation cost, but the data are insufficient to provide for profile-specific
iron distributions.
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B11. The SmPC for each chelation therapy describes how the dose is linked to the
underlying serum ferritin levels in the patient. However, in the model it is linked to
transfusion status. Please explain how the dose of chelation therapy for each group
of patients (transfusion-independent, transfusion-reduced and transfusion-

dependent) was selected, taking into account their expected iron levels.

The model uses population-level iron distribution, as outlined in response to B3 (b), and is
therefore not able to track ongoing changes in serum ferritin levels and adjust chelator dosage
in a time- and iron-level dependent manner. Therefore, an average dose per chelator was
estimated based on the corresponding SmPC.

For transfusion-reduced patients, assumptions were required as there are no real-world
situations where TDT patients have had a ‘transfusion-reduced’ status. Once the ‘threshold’
transfusion reduction level of at least 60% is assumed, as outlined in response to B20, the
model assumes a shift downward in the percentage of individuals with high and moderate iron
levels (across each of serum ferritin, liver iron and cardiac iron). This assumed shift in
population iron distribution results in an assumed corresponding reduction in the chelator dose
(per review of each SmPC).

For the percentage of patients who achieve transfusion independence and utilise chelators for
iron normalisation, the model assumes the same level of chelation dosing as TDT SoC until
the point of iron normalisation and can be seen as a conservative assumption.

B12. Please confirm the dose of chelation therapy received by transfusion-
independent patients that has been applied in the iron normalisation period in the

model, and the duration for 