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Administrative information

Name of the medicinal product:

Zynteglo

Applicant:

bluebird bio (Netherlands) B.V.
Stadsplateau 7

WTC Utrecht

3521AZ Utrecht

The Netherlands

Active substance:

Autologous CD34+ cell-enriched population
that contains haematopoietic stem cells
transduced with lentiviral vector encoding the
BAT87Q-globin gene

International Nonproprietary Name/Common
Name:

betibeglogene autotemcel

Pharmaco-therapeutic group
(ATC Code):

BO6AX02: Other haematological agents

Therapeutic indication(s):

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 (see sections 4.4 and
5.1).

Pharmaceutical form(s):

Dispersion for infusion

Strength(s):

1.2-20 x 108 cells/ml

Route(s) of administration:

Intravenous use

Packaging:

bag (Fluorinated Ethylene Propylene)

Package size(s):

1 bag (or more)
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1. Background information on the procedure

1.1. Submission of the dossier

The applicant bluebird bio (Netherlands) B.V. submitted on 21 August 2018 an application for marketing
authorisation to the European Medicines Agency (EMA) for Zynteglo, through the centralised procedure
falling within the Article 3(1) and point 1 of Annex of Regulation (EC) No. 726/2004.

Zynteglo was designated as an orphan medicinal product EU/3/12/1091 on 24 January 2013 in the
following condition: treatment of B-thalassaemia intermedia and major.

Following the CHMP positive opinion on this marketing authorisation, the Committee for Orphan icinal
Products (COMP) reviewed the designation of Zynteglo as an orphan medicinal product in t proved
indication. More information on the COMP’s review can be found in the Orphan mainten ssessment
report published under the ‘Assessment history’ tab on the A éi&s website:
ema.europa.eu/en/medicines/human/EPAR/zynteglo 6

Zynteglo was granted eligibility to PRIME on 15 September 2016 in the foI@dication: treatment

of transfusion-dependent B-thalassaemia. @
Eligibility to PRIME was granted at the time in view of the following: K
e The therapeutic armamentarium for the treatment of B- aemia can be considered
insufficient. The symptomatic approach of transfusio ined with iron chelation therapy
may result in a certain improvement of life expect he challenges with regard to side
effects, insufficiency of a non-curative approacr\x Il as non-adherence as a result of the
r

burden of treatment remain. The only curati eatment option, allogeneic haematopoietic
stem cell transplant (HSCT), is associate Qevere side-effects and reactions. The
treatment of transfusion-dependent @-Q‘:\ saemia (TDT), therefore, represents an unmet
medical need.
e Clinical data from 22 patients att me suggested persistency of lentiviral vector (LVV)
sequences in patients’ periph ood cells with all patients producing therapeutic
haemoglobin containing B =globin (HbAT87Q), associated with clinically relevant
improvements. The majgtity of patients producing varying amounts of endogenous HbF, HbE,
and/or HbA, no lopnge uired transfusion support by 6 months after drug product infusion in
Phase 1/2 studi Oxitie ts with at least 6 months follow-up who had B°/B° genotype and
therefore rlo nous production of B-globin, showed a reduction in volume and/or
frequency nsfusions requirements in the post-engraftment period compared to the 24

monthS$pkiod to enrolment.
o If co%g d by further clinical investigations, the proposed product, Zynteglo, has the
1al to exhibit an advantageous safety profile compared to patients treated with allogeneic
matopoietic stem cell transplantation (allogeneic HSCT) with a reduced risk of graft-versus-
ost disease (GVHD), opportunity not to administer immunosuppressive agents, and a lower
risk of immune-mediated graft rejection with an autologous transplantation is argued to be
lower. As compared to treatment using chronic pRBC transfusions, there is no risk of
sensitisation to alloantigens and reduced risk of increased iron burden.

e The potential to significantly address the unmet medical need was therefore supported by the
proof-of-concept (POC) both in non-clinical and clinical investigations as well as its correlation
to clinical outcome parameters linked to clinical improvement and potential long-term well-
being in patients.
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https://www.ema.europa.eu/en/medicines/human/EPAR/zynteglo

The applicant applied for the following indication: “Adolescents and adults with transfusion-dependent
B-thalassaemia (TDT) who do not have a B° mutation at both alleles of the B-globin (HBB) gene (i.e.,
patients with a non-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.”

The legal basis for this application refers to:
Article 8.3 of Directive 2001/83/EC as amended - complete and independent application

The application submitted is composed of administrative information, complete quality data, non-clinical
and clinical data based on applicants’ own tests and studies and/or bibliographic literature
substituting/supporting certain test(s) or studies.

Information on Paediatric requirements . 6@

Pursuant to Article 7 of Regulation (EC) No. 1901/2006, the application included ané;Decision(s)
P/0067/2018 on the agreement of a paediatric investigation plan (PIP). Q

At the time of submission of the application, the PIP P/0067/2018 was not @mpleted as some
measures were deferred. @

Information relating to orphan market exclusivité

Similarity QQ

Pursuant to Article 8 of Regulation (EC) No. 141/2000 icle 3 of Commission Regulation (EC) No.
847/2000, the applicant did not submit a critical rep ddressing the possible similarity with authorised
orphan medicinal products because there is no ised orphan medicinal product for a condition
related to the proposed indication. \

Applicant’s request(s) for c r@ation

Conditional marketing au sation and Accelerated assessment

The applicant requested cotion of its application for a conditional marketing authorisation in
accordance with Article 1\3f ne above-mentioned Regulation.

The applicant reqLLes elerated assessment in accordance to Article 14(9) of Regulation (EC) No.
726/2004. ‘\C)\

New acti ubstance status

The nt requested the active substance "autologous CD34+ cell-enriched population that contains

haematopoietic stem cells transduced with lentiviral vector encoding the BA™7Q-globin gene" contained
in the above medicinal product to be considered as a new active substance, as the applicant claims that
it is not a constituent of a medicinal product previously authorised within the European Union.

Scientific recommendation on Classification

The applicant bluebird bio (Netherlands) B.V. submitted on 21 August 2018 an application for Scientific
recommendation on Classification to the EMA for Zynteglo, which was designated as an Advanced
Therapy Medicinal Product EMA/989166/2011 on 19 December 2011.

Assessment report
EMA/56140/2020



PRIME support

Upon granting of eligibility to PRIME, the Rapporteur was appointed by the CHMP. A kick-off meeting
was subsequently organised with the EMA, Rapporteur, assessors’ team and experts from relevant
scientific committees. The objective of the meeting was to discuss the development programme and
regulatory strategy for the product. The applicant was recommended to address the following key issues
through relevant regulatory procedures: change in the manufacturing process and increase in potency
attributes, environmental risk assessment, characterisation of transfusion requirements change over
time for paediatric patients and pharmacodynamic model, post-authorisation registry, proposals for post-
authorisation specific obligations, and maintenance of the orphan designation.

Protocol Assistance é

The applicant received Protocol Assistance from the CHMP on the development for tI‘Q@%atlon from
the CHMP on:

e 25 April 2015 (EMEA/H/SAH/038/1/2015/PA/SME/ADT/II), \\'Q
e 23 July 2015 (EMEA/H/SA/3150/1/2015/PA/SME/ADT/II), 0

e 16 September 2016 (EMEA/H/SA/3150/1/FU/1/2016/PA/SME/A

e 21 April 2017 (EMEA/H/SA/038/2/2017/PA/SME/ADT/PR/III) &nd
e 9 November 2017 (EMEA/H/SA/3150/1/FU6/2017/PA/SME@PR/I).

The Protocol Assistance pertained to the following quality as§
inical trial material, particularly

e Advice on manufacturing aspects and their impac
following changes to manufacturing site and impréyement of the manufacturing process:
robustness of characterisation and analytica thods, release and stability, specifications for
clinical trials material, technology transféf, number of lots for Marketing Authorisation
Application (MAA) submission, timint’gﬁgata submission, qualification of the apheresis

collection centres and traceability
The Protocol Assistance pertained to @owing clinical aspects in the context of parallel EMA/health
technology assessment (HTA) adﬁ‘

e  The suitability of data@A red with clinical trial material from the refined manufacturing
process to suppo including number of treated patients and their genotype.

o Adequacy of the osed endpoints.

e The earliest, oint for efficacy and safety data to support submission of a conditional MAA.

o StaUstwa@yss plans
o Extra N models for prediction of both long-term efficacy and for inclusion of children in
th .
o igh of confirmatory trials and open label real-world monitoring to investigate long-term
icacy and safety.
roposed pharmacovigilance and risk minimisation plans.

1.2. Steps taken for the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP were:
CAT Rapporteur: Johannes Hendrikus Ovelgonne CAT Co-Rapporteur: Violaine Closson Carella
CHMP Coordinator (Rapporteur): Paula Boudewina van Hennik

CHMP Coordinator (Co-Rapporteur): Alexandre Moreau
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Accelerated Assessment procedure was agreed-upon by CAT and
CHMP on

26 July 2018

The procedure started on

4 October 2018

The Rapporteur's first Assessment Report was circulated to all CAT
and CHMP members on

21 December 2018

The Co-Rapporteur's first Assessment Report was circulated to all CAT
and CHMP members on

21 December 2018

In accordance with Article 6(3) of Regulation (EC) No. 726/2004, the
Rapporteur and Co-Rapporteur declared that they had completed their
assessment report in less than 80 days

21 December 2018

The PRAC Rapporteur's first Assessment Report was circulated to all
PRAC members on

7 January 2019

The PRAC agreed on the PRAC Assessment Overview and Advice to
CHMP during the meeting on

17 January 2019

The following GCP inspection(s) were requested by the CHMP and
their outcome taken into consideration as part of the
Quality/Safety/Efficacy assessment of the product:

— A GCP inspection of the Clinical Trial HGB-207 at 3 sites, an
investigator site in the USA, an investigator site in Thailand and
the sponsor in the USA, between 4 December 2018 and 4 January
2019. The outcome of the inspections carried out was issued on

23 January 2019

The CAT agreed on the consolidated List of Questions to be sent to
the applicant during the meeting on

25 January 2019

The applicant submitted the responses to the CAT consolidated List of
Questions on

20 February 2019

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Questions to all CAT and CHMP members on

8 March 2019

The Rapporteurs circulated the updated Joint Assessment Report on
the responses to the List of Questions to all CAT and CHMP members
on

15 March 2019

The CAT,Q})Iight of the overall data submitted and the scientific
discus ithin the Committee, issued a positive opinion for

22 March 2019

gra a marketing authorisation to Zynteglo on

EC requested clarifications on the SmPC to the CAT/CHMP 3 April 2019
The CAT, in the light of the overall data submitted and the scientific 17 April 2019
discussion within the Committee, readopted a positive opinion for

granting a marketing authorisation to Zynteglo on

The CHMP, in the light of the overall data submitted and the scientific | 26 April 2019

discussion within the Committee, readopted a positive opinion for
granting a marketing authorisation to Zynteglo on
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2. Scientific discussion
2.1. Problem statement

2.1.1. Disease or condition

Zynteglo is indicated for the treatment of patients 12 years and older with transfusion-dependent -
thalassaemia (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.

Per the 2014 Thalassaemia International Federation (TIF) Guidelines (Cappellini et al. 2014), the&erity
of disease for symptomatic patients is evaluated based on transfusion requirements. As su ients
with B-thalassaemia are classified either as transfusion-dependent or as non- transfu5| aendent.
Another classification of disease severity, which was used exclusively until recently, d|V|¢ st patients
with symptomatic disease into two groups: B-thalassaemia major and B—thalassae rmedia, with
the former group being considered more severe, including patients who rted on regular
transfusions soon after birth, and the latter being considered less severe, in ifg patients started on
regular transfusions later in childhood or those only requiring intermitten fusions throughout life.
Transfusion-dependent patients include those who have been historically @nosed with B-thalassaemia
major and some patients who are considered to have B—thalassaem@ﬁtermedia.

2.1.2. Epidemiology Q

The incidence and prevalence of B-thalassaemia are g @hlcally variable, with endemic populations
primarily found in South Asia, the Middle East, North_Afrfea, and Southern Europe (Colah et al. 2010;

Galanello and Origa 2010; Cappellini et al. 2014). @mutahon is very common in people of Southeast
Asian descent (Williams and Weatherall 2012). ile*migration is changing the global distribution of the
disease, B-thalassaemia is still a rare di in most of Europe. The total annual incidence of
symptomatic individuals is estimated at 14 0,000 throughout the world (Galanello and Origa 2010).
Reliable sources of multinational epid gy data in the EU for TDT are not widely available, which is
compounded by differing terminologi ed to describe transfusion dependence. The prevalence of TDT
is higher in endemic Southern i an countries such as Italy, where it is estimated that there are
approximately 6000 cases on (Angelucci et al. 2016). Northern European, non-endemic countries
typically have a prevale 00 (Angelucci et al. 2016). Based on England National Health Service
(NHS) Hospital Epis %SUCS (HES) database data, 1,007 B-thalassaemia patients in England were
identified with at 4 éo years of medical records (April 2005-March 2016). Of these, 524 were
diagnosed W|thT ese numbers suggest a conservative estimate of prevalence in the EU of at least
10,000 patie

Althou @ival with B-thalassaemia has dramatically improved over the past 20 years due to
imp ts in transfusion and iron chelation management and monitoring, iron overload and
associated morbidities remain a major challenge in the management of TDT and treatment-related
complications are the primary source of mortality (Cappellini et al. 2014). Mortality for patients with TDT
remains significantly increased compared to that of the general population, as exemplified by a historical
prospective study in Greece of patients with TDT in which overall survival until the age of 50 was 65%
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and the standardised mortality rate (standardised for sex and ages 20 to 40 years) compared to the
general population was 13.5 from 2002 to 2008 (Ladis et al. 2011).

2.1.3. Biologic features

Hundreds of B-thalassaemia mutations have been described that affect transcription, RNA processing, or
translation of the B-globin gene and could result in clinical presentation of B-thalassaemia (Cao and
Galanello 2010). Null mutations that eliminate the production of functional B-globin are referred to as B°
mutations. Mutations that reduce expression of functional B-globin are referred to as B* and produce
varying quantities of functional B-globin. Genotypes of patients with B-thalassaemia are usually denoted

according to these classes of mutation (i.e., B%/B°, B°%/B*, B*/B*). Certain common mutations ave
their own designation, such as BF, that results in reduced production of B-globin because o ative
splicing, as well as a single amino acid change (glutamic acid to lysine at codon 26 alters its

electrophoretic mobility. All mutations that are not null mutations are classified as n@ mutations,
including BE. B-thalassaemia is an autosomal recessive disorder.

2.1.4. Clinical presentation, diagnosis and stage/progn@srQ

Absence or reduction in B-globin production results in an accumulatio o@ess uncomplexed a-globin
chains in erythroblasts. The clinical implications of the a-globin/B=g¥gbin imbalance are two-fold: 1)
patients lack sufficient red blood cells (RBCs) and haemoglobi to effectively transport oxygen
throughout the body, resulting in severe anaemia; and ective erythropoiesis can lead to
morbidities via splenomegaly, marrow expansion, concomj bone deformities, and iron overload.

Individuals homozygous or compound heterozygous fo%utant alleles are clinically heterogeneous and
present with disease that ranges in severity from mptomatic to transfusion-dependent and life-

shortening. The severity of B-thalassaemia is als ction of the degree of imbalance in the production
of a- and non-a-globins. In its most severe TDT causes patients to have life-threatening anaemia
requiring frequent and lifelong pRBC tra ns for survival, resulting in unavoidable iron overload

which in turn, in the absence of appﬁ and maintained iron chelation, can cause serious cardiac,
liver, and endocrine comorbidities, ortened lifespan compared to the general population. Patients
who have been inadequately trar@d and/or chelated can present with serious complications including
cardiomyopathy, pulmonaryQ ension, osteoporosis, skeletal deformities, arthropathy, hepato-
splenomegaly, delayed puberty and gonadal failure (Rund and Rachmilewitz 2005). Even with the correct

application of blood tra ions and chelation treatments, patients with B-thalassaemia have many
complications (Boni@ al. 2017).

*
2.1.5. Ma ent

Abou product

Zynteglo is an Advanced Therapeutic Medicinal Product (ATMP) and was classified by the EMA
Committee for Advanced Therapies (CAT) as a gene therapy medicinal product (EMA/505476/2012).
The active substance of Zynteglo is an autologous CD34+ cell-enriched population that contains
hematopoietic stem cells transduced with lentiviral vector encoding the BA™87Q-globin gene.

Zynteglo is a gene therapy medicinal product designed to provide functional B-globin to patients with
TDT, thus circumventing their need for chronic pRBC transfusions.

The applicant applied for the following indication: “Adolescents and adults with transfusion-dependent
B-thalassaemia (TDT) who do not have a B° mutation at both alleles of the B-globin (HBB) gene (i.e.,
patients with a non-B°%B° genotype), for whom haematopoietic stem cell (HSC) transplantation is
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appropriate but a human leukocyte antigen (HLA)-matched related HSC donor is not available.”

The CAT and CHMP agreed to the following 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.”

It is intended for autologous use and should only be administered once. It is for intravenous infusion.
The minimum recommended dose of Zynteglo is 5 x 108 CD34+ cells/kg. In clinical studies, doses up to
20 x 10°® CD34+ cells/kg have been administered. The minimum recommended dose is the same for
adults and adolescents 12 years of age and older (see Summary of Product Characteristics [Srr&]).

It must be administered in a qualified treatment centre by a physician(s) with experie@ HSC

transplantation and in the treatment of patients with TDT (see section 4.2 of the SmPQC). 6

@transduction

ene. Successful

Manufacture of Zynteglo involves the isolation of CD34+ HSCs from the patient, follo
of these cells ex vivo with BB305 lentiviral vector to introduce the BA-T87Q-gl
transduction results in the integration of the BAT87Q-globin gene into the gen NA of the patient’s
HSCs. After the patient has undergone myeloablation, the patient rec% ynteglo via a single
intravenous infusion, with the aim of reconstituting their HSC repert@ ith cells stably carrying
integrated copies of the transgene. After engraftment and differentiagl of the transduced HSCs in the
patient, expression of BAT87Q-globin is driven by the globin locus region, which determines that
genes under its control are expressed specifically in cells of erythroid lineage. This treatment
therefore has the potential to correct the a-globin/B-globin i e in erythrocytes and allow for the
production of sufficient endogenous Hb to correct anaeK@ enable transfusion independence.

Type of Application and aspects on de@)pment

The CHMP and CAT agreed to the applicant’s@re t for an accelerated assessment as the product was
considered to be of major public health in e@. his was based on the preliminary results, the novel
mode of action and the unmet medic e

The applicant requested considera@ its application for a Conditional Marketing Authorisation in
accordance with Article 14-a of ove-mentioned Regulation, based on the following criteria:

e The benefit-risk balaﬁi ositive.

e Itislikely thatt %icant will be able to provide comprehensive data. The applicant will be able

to provide compkeftensive data relevant to the initial indication including long-term safety and
efficacy da @ dult and adolescent patients with TDT who have a non-B%/B° genotype, post initial
apprc@& the following sources: Phase 3 Study HGB-207, Phase 3 Study HGB-212 and long-

term -up Study LTF-303.

o met medical need has been addressed. The therapeutic armamentarium for the treatment of
B-thalassaemia can be considered insufficient. The symptomatic approach of transfusions combined
with iron chelation therapy may result in a certain improvement of life expectancy. The challenges
with regard to side effects, insufficiency of a non-curative approach as well as non-adherence as a
result of the burden of treatment remain. The only curative treatment option, allogeneic HSCT, is
associated with severe side-effects and reactions. The treatment of TDT, therefore, represents an
unmet medical need.

e The benefits to public health of the immediate availability outweigh the risks inherent in the fact
that additional data are still required. The majority of patients with TDT who have a non-B9/°
genotype treated with Zynteglo in Studies HGB-204 and HGB-205 have achieved TI (11 out of 14;
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78.6%). For Study HGB-207, 4 out of 5 TI-evaluable patients achieved TI (data cut: 13 December
2018), and 6 additional patients from the ongoing Study HGB-207 with available data at Month 6
produced close to 8 g/dL or more HbAT87Q at Month 6 and are predicted to achieve TI with >98%
probability. Achievement of TI is clinically meaningful, eliminating the need for regular blood
transfusions and associated comorbidities due to iron overload.

2.2. Quality aspects
2.2.1. Introduction

The finished product (FP) Zynteglo (formerly referred to as LentiGlobin for TDT) is presenéas a
dispersion for infusion containing 1.2 to 20 x 108 cells/mL of an autologous CD34+ c iched
population that contains hematopoietic stem cells (HSCs) transduced with lentivisal or (LVV)
encoding the BAT87Q-globin gene as active substance (AS). The only other ingredientx ryoStor CS5.
The product is available in a 20 mL cryopreservation bag (or multiple bags), made of nated ethylene

propylene (FEP). ®
2.2.2. Active Substance @0

The active substance (AS) consists of an autologous CD34+ ce@iched population that contains
hematopoietic stem cells (HSCs) transduced with lentiviral vecto encoding the BAT87Q-globin gene
and is produced from two starting materials, the BB305 lentiywi ctor and autologous hematopoietic
progenitor cells obtained by apheresis (HPC-A).

The section on the active substance is separated into Mparts; part 1 for the LVV and part 2 for the
transduced autologous cells. The active substance @ sduced autologous cells) is formulated into the
FP by formulation in the cryopreservation solutioffand filling into cryopreservation bags.

General information (lentiviral @tor)

BB305 LVV is a replication-defective inactivating (SIN), third-generation human immunodeficiency
virus type-1 (HIV-1)-based LVV @:typed with envelope protein of the vesicular stomatitis virus (i.e.,

vesicular stomatitis virus gly tem G; VSV-G), carrying the human B-globin gene with a single
modification at codon 87Aun the transcriptional control of the erythroid specific human B-globin
promoter and erythr0|d ific enhancer elements (DNase I hypersensitive sites HS2, HS3, and HS4)
of the B-globin locys region (see Figure 1). The BAT8Q-globin variant can be distinguished from
the wild-type BA Q by HPLC.
Figure 1: BB V Provirus Sequence Map

cPPT ppt

kP+

[T o e e (R (e

Figure definitions: dU3, promoter deleted unique 3’; R, repeat; U5 unique 5’ W+, packaging signal; cPPT, central

polypurine tract; RRE, rev responsive element; UTR, untranslated region; E3, Exon3; 12, Intron2; E2*, Exon2 with
threonine87glutamine codon; 11, intronl; E1, Exonl1; Prom, promoter; HS2-HS3-HS4, hypersensitive site 2,3,4; ppt,
polypurine tract.

BB305 LVV contains proteins responsible for forming the LVV particle that are encoded by the helper
plasmids that are used to transfect human embryonic kidney (HEK293T) cells during LVV production.
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Manufacture, characterisation and process controls (lentiviral vector)

LVV Manufacturing process

BB305 LVV is produced by transient transfection. BB305 LVV buds from the production cells, is harvested,
purified via chromatography, and formulated prior to frozen storage.

The LVV manufacturing process begins with thawing HEK293T cells from the working cell bank (WCB).
These cells are transfected with plasmid BB305 and packaging plasmids and incubated at a specified
temperature and duration.

Subsequently, the supernatants containing the LVV are collected. This crude harvest is clafified by
filtration, purified by chromatography, concentrated and formulated. The sterile filtered BB V is
filled in vials.

L 2
For each process step, critical process parameters (CPPs), non-CPPs, and in-process c@o:’l's (IPCs) are
provided. The parameters are controlled within specified ranges.

LVV Control of materials ®

Sufficient detail was provided on the raw and starting materials use?égtheir quality control is
appropriately described.

with Ph. Eur. 5.2.3 and Ph. Eur. 5.14.

Plasmids OQ

An overview of the sites involved in plasmid m uXcturing and a detailed description of the
manufacturing process and its development, c @and validation is provided. Each plasmid is
manufactured from a bacterial WCB and fur her&ﬁed. The generation and testing of the cell banks
(MCB and WCB), including testing EoP cellsé}@cribed in detail.

The testing of the master cell bank (MCB) and WCB and end-of-E@tion (EoP) cells is in agreement

The controls of the plasmids are in ag with Ph. Eur. 5.14 and the section on bacterial cells used
for manufacture of plasmid vectors f man use. Release specifications for the plasmids include tests
for purity), strength, identity an @ty. Testing of the MCB, WCB and EoP cells is in agreement with
the requirements of Ph. Eur. ethod descriptions and validation summaries are provided.

Generally stability of thews ids over a shelf life of 36 months at < -65°C has sufficiently been
demonstrated.

L 3
LVV Control of cri@st and intermediates
Y

Process char isation studies were deployed to identify the impact of the process parameters on
critical queti ttributes (CQAs) and establish proven acceptable range (PAR) for the process
parame

The choice and ranges of the various process parameters studied are considered appropriate.

LVV Process validation

The BB305 LVV commercial manufacturing process was validated. BB305 LVV batches were
manufactured under a prospectively established validation protocol. All measured parameters and
attributes met the pre-defined protocol acceptance criteria. All process parameters were within the
normal operating range (NOR). All process parameter and performance attribute results met the protocol
acceptance criteria.
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A media-fill program is implemented to confirm the ability to conduct aseptic processing. The sterilizing
filter was validated for its intended use.

Qualification of shipping of LVV to long-term storage facilities was demonstrated.

LVV Manufacturing process development

The manufacturing process history has been adequately described. Comparability data, including
extensive characterisation of transduced cells, were provided.

A risk assessment on the potential extractables of single-use product-contact materials was provided
and demonstrated that an extractable study was not necessary. E

LVV Characterisation

Characterisation testing of BB305 LVV was performed. This elucidation includes the an: I@ of particle
size distribution, potential aggregation, particle buoyant density, particle m Sbgy, protein
composition, total nanoparticle count, and activity as assessed by the transduction 34+ target cells.
These revealed some minor differences between the LVV of the clinical and co@ial process.

Relevant process-related impurities have been identified. Their rem i$* addressed in process
validation and characterisation studies.

Specifications (lentiviral vector)

The release and stability specifications for BB305 LVV cover p@dentlty, safety, purity, appearance,
and quality.

Replication competent lentivirus (RCL) test is in pxxe and appropriately validated. The main
consideration with respect to RCL safety of the pr is the design of the LVV, based on which the
chance of formation of RCL is considered very r (also see ERA assessment) and the clinical data
that have not given any indication of RCL.

The applicant has provided further jus |f for the limits proposed for each of the CQA. Quantitative
acceptance criteria are based on dat anufacturlng history. The Applicant committed to review
the specifications again when add| atches have been manufactured.

LVV Batch analyses

Release testing results a%wiged for BB305 LVV batches. Three consecutive BB305 LVV batches were
manufactured under ectively established validation protocol.

Lvv Reference.st@

The referenc dard was manufactured using the proposed commercial LVV manufacturing process.
The qualification and characterisation tests and results, and the stability testing strategy of the reference
sta e considered to be appropriate.

LVV Container closure

BB305 LVV is filled into break-resistant, transparent, plastic vials that are stoppered with chlorobutyl,
elastomeric stoppers and capped with flip-off, aluminium seals. Tests on extractables and leachables
have been performed using appropriate worst-case conditions. The results of these tests have been
provided during the procedure and gave no reason for concern; therefore, the container closure system
can be accepted and considered to be appropriately qualified.
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Stability (lentiviral vector)

The proposed shelf life for the lentiviral vector is 24 months frozen.

Stability batches have been placed on stability at the intended long-term storage condition to
demonstrate the biological and physical stability through the proposed 2 years shelf-life. Data from
primary batches and supportive batches remain within specification.

The primary batches were also placed on stability at an accelerated storage condition. The results of
these studies were completed and provided during assessment.

General information (transduced autologous cells) é

The AS consists of an autologous CD34+ cell-enriched population that contains hematopoj€eticsstem cells
transduced with BB305 lentiviral vector (LVV) encoding the BAT87Q-globin g \ ternational
nonproprietary name [INN] request pending). The BAT87Q-globin gene is the hun—@ dult, BA-globin
gene with a glutamine amino acid residue substituted for a threonine at positi \@

The mechanism of action is described as engraftment in the bone marrow ( e transduced CD34+
HSCs and differentiation, to produce RBC containing biologically active % -globin that will combine
with a-globin to produce functional Hb.

Manufacture, characterisation and process con ( transduced autologous
cells)

Manufacturer \O

The AS is manufactured and controlled at Apceth '(@rma GmbH, Ottobrunn, Germany. MIA and GMP
certificate references are provided. The latest inspectfon was conducted on 2018-06-19. A QP declaration
is also provided.

Manufacturing process Q

The manufacturing process start the starting material, the haematopoietic progenitor cells
obtained by apheresis (HPC-A) lows a continuous process up to formulation and filling of the FP.
HPC-A is subject to a plat sh and CD34+ cell enrichment. The purpose of the CD34+ cell

enrichment step is to sepdkate 34+ cells from other cells.

After enrichment,‘a nsduction stimulation is performed. The purpose of the Pre-Transduction
Stimulation Cultur, ess step is to make cells receptive to transduction. The cells are then transduced
with BB305 L éﬁs are then washed and re-suspended.

These washe&s constitute the active substance. The process is continuous until formulation of the

FP. @
No r@essing is described.

Information on buffers, media and objectives of the individual process steps are included.
Tabular overviews of CPPs and IPCs have been adequately described.

The description of the manufacturing process is considered to be adequate and sufficient information
and detail in relation to process parameters targets and ranges for each step has been provided.

Control of Materials

Raw materials
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An adequate overview of the compendial and non-compendial raw materials used in the active substance
manufacturing process is provided.

Compendial raw materials of human origin have a marketing authorisation in the EU.

For all raw materials, representative certificates of analysis CoAs or CoCs are provided. In general, the
provided information demonstrates appropriate quality of the raw materials.

Representative certificates of analysis for the non-equipment product-contact materials have been
provided.

through a risk assessment. From both materials some compounds were above the Analytical E tion
Threshold (AET). For all extractable compounds the Maximum Acceptable Concentration (MA lated
on justified Permissive Daily Exposure (PDE) was greater than the estimated concent«ra@ ithin the

extraction solution. K\

Apheresis material

Two components of the active substance manufacturing process were identified for extractablez testing

HPC-A consists of autologous peripheral blood mononuclear cells (PBMCs) ¢ & d by apheresis from
each patient following mobilisation of leukocytes. Apheresis is performed ﬁeresis collection centres
(ACC) that are certified as either Tissue or Blood Establishments in a omce with national legislation
implementing relevant EU Directives. Qualification of the apheresj tres by the Applicant involves
apheresis assessment, quality audits, quality agreement, training and a follow-up and
maintenance program.

A brief description of the HPC-A collection process is pr ollection of PBMCs is performed following
standard operating procedures.

The apheresis collection devices and kits are spe@@nd CE-declarations of conformity are provided.

Control of critical steps and intermediat

The IPCs in the AS manufacturing proEe S defined.

The actions taken in case an action lj
of the currently proposed IPCs a

not met are sufficiently described and acceptable. The limits
ified by in-process data from FP.

Specified process steps were tified as critical.
Process validation an valuation

As the manufacturm@cess of Zynteglo is continuous, process validation is discussed in the FP section.

Seveial nufacturing process versions have been described during development. The nomenclature
corres ds to FP manufactured for the initial clinical trial (Study HGB-205), and FP manufactured before
(Study HGB-204) and after optimization of the manufacturing process (Study HGB-207 and 212).

The proposed manufacturing changes, and the steps to ensure that the clinical batches from earlier
processes were representative of the clinical profile of refined process product, were discussed in 4
Protocol Assistance procedures prior to submission of the Marketing Authorisation application.

The results of studies sufficiently demonstrate that FP manufactured according to base and refined
processes is comparable. The observed differences could be acceptable from a safety and efficacy point
of view. Uncertainties were adequately addressed by the Applicant in response to the LoQ.
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It is sufficiently demonstrated that FP batches manufactured according to the refined process at different
sites are comparable.

Changes made to the manufacturing process at the commercial manufacturing site were supported by
data that demonstrate that consistent potency can be obtained. Comparability between the refined
manufacturing process and the commercial manufacturing process was not sufficiently addressed. In
response to questions, the Applicant indicates that the change was aimed to target VCNs to retain product
efficacy while reducing theoretical risk of oncogenesis. The available data were, however, initially too
limited to conclude on comparable product efficacy as it was insufficiently demonstrated that clinical data
from base manufacturing process batches, can be considered representative of the commercial process.
Tight control of potency attributes (i.e. within the range of refined process batches) was
considered necessary but was not provided by the proposed specifications. This issue was
Major Objection because sub-potent batches are a considerable risk to the patient in cage -optimal
efficacy because, based on the SmPC, the treatment cannot be repeated. In respo Applicant
agreed to revise the acceptance limits or provided further justification to maintain posed criteria
for potency attributes. The Applicant provided a commitment to re-evaluate tance criteria for
potency attributes when batch release data from an additional 20 commerci
The re-evaluation will also consider the available clinical data and will aim t nstrate that the release
specification acceptance criteria are sufficient to ensure consistent clinj efficacy and safety. This
commitment will be included as an Annex II condition. K
<&

nt, including classification of quality

atches are available.

Control strategy

A summary of the FP manufacturing process design and d
attributes and justification for IPCs is provided. Asse of criticality of process parameters and
definition of their operational range was based on a timate and process characterisation studies
(DOE). Further detail was provided on the risk a ent and the characterisation studies during the
procedure. The provided information suffj m%]ustlﬂes the proposed AS process parameter
classification and PARs.

Characterisation EQ

Functional characterisation

Functional characterisation re emonstrate an increased in some potency attribute levels in batches
manufactured according t&,{e ined process compared to batches manufactured according to the base

process. @,

Differences in char risation results were observed in VCN distribution across cell populations for
refined and ¢ "\ | process finished product lots as compared to base process lots. As cells with
high VCN co at higher risk of insertional mutagenesis, an acceptance criterion was introduced to
ensure th@ ribution of VCN was adequately controlled within the range of clinical batches as
request this context, the Applicant has committed to provide the finalised data of the test method
once able.

Impurities

With regard to product-derived impurities, extensive phenotypic characterization was performed,
demonstrating that the percentage of cellular impurities is low.

The CD34+ cell and transduced cell levels are controlled at FP release.
Specification (transduced cells)

No specification for the active substance (AS) is provided as the AS is manufactured and processed into
FP without interruption. An AS reference standard is not required.
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As the manufacturing process of Zynteglo is continuous, no container closure system is described for the
AS.

Stability (transduced cells)

Zynteglo AS is manufactured and processed into the FP without interruption. Stability testing of the AS
is not applicable.

Comparability Exercise for Active Substance

See under manufacturing process development.

2.2.3. Finished Medicinal Product é

<&

Description of the product and pharmaceutical development *\6

Description and composition of the finished product:

The FP is a dispersion for infusion, filled in one or two bags, each containing @0 x 10% cells/mL in
20 mL Cryostor CS5, a commercially available cryopreservation solution. 0

Zynteglo is an autologous, advanced therapy medicinal product (ATMP) s@le for infusion and conveys
functional copies of the A T87Q-globin gene in HSCs to myeloablated p nts who have TDT. The applicant
has provided key attributes and their control is included in the se @)n physicochemical and biological
properties.

The posology as described in SmPC is a minimum of 5_x D34+ cells/kg body weight. The patient
population is limited to non-B%B° genotype, transfusmr& ndent adolescents and adults.

If the initial lot of FP for any patient does not co e minimum cell dose, the patient may undergo
additional cycles of mobilization and apher |s%)rder to obtain more cells. The autologous cells
obtained from each additional cycle of mobj ggﬂon and apheresis may be manufactured to produce an
additional lot of FP. In this case, more tlg lot would be used to make up the dose. Up to four bags
of FP may be used per dose.

Pharmaceutical development

The Applicant has adequately@&ed the selection of CryoStor CS5 cryopreservation media as excipient
for the formulation of th

An overview of the cturing process development has been provided (see also section on active
substance above
R

Container c/o&ystem, microbiological attributes, and compatibility

The pri @mtainer closures selected for the FP are sterile, individually packaged, single-use FEP bags.
i formation on the selection of the container closure system has been provided. The selected
containter closure system supports product stability and is expected to be suitable for its intended use.

The suitability of the primary container closure was determined by evaluating the biocompatibility,
physiochemical, and extractables data provided by the manufacturer. Extractables testing was performed
on the primary container closure in a solution simulating a worst-case organic extraction.

The Applicant has provided a brief discussion of relevant aspects for microbiological safety, including
testing of the FP and the steam sterilized container, which is considered acceptable.
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Manufacture of the product and process controls

Manufacturer

The FP is manufactured at apceth BioPharma GmbH Ottobrunn, in Germany, directly in continuity of the
AS manufacturing process.

Description of the manufacturing process and process controls

To manufacture Zynteglo FP, the AS cells are resuspended in CryoStor CS5 at a concentration of 1.2 x
108 to 20 x 10° cells/mL and filled into cryopreservation bags. Each bag is placed in a secondary container
and a chilled metal cassette, and frozen before being placed in the vapour phase of liquid nitregen for
storage. Upon request, the Applicant provided additional information on process parameters %ﬁheir
classification and the justification of the proposed ranges. The provided information i sidered
adequate and sufficiently justifies the proposed FP process parameters, process paramééssiﬁcation
and PARs.

Process validation and/or evaluation Q:
The PPQ study was performed using healthy donor cells. This approach&een accepted. Three
consecutive FP batches were manufactured from apheresis material. @

The PPQ study results suggest that the intended commercial m facturing process is capable to
consistently yield a product meeting the acceptance criteria.

The available batch analysis data support consistency of the factured at the commercial site.
Aseptic process simulation studies O

Aseptic process simulation (media fill simulation) @ successfully completed for three consecutive
process simulation runs. It was confirmed that tI‘Qe ia fill simulation covers all the aseptic processing
steps.

Shipping validation C)

The shipping system used for transp @ ng Zynteglo FP from the manufacturing facility to FP infusion
centres within the European Uni 2gions has been qualified, taking a risk-based approach through
Operational Qualification and mance Qualification under worst case conditions.

Control of excipierg

>
Information on thz position and specification of the excipient is provided. Ph. Eur. or equivalent

quality of the h\ nts is sufficiently demonstrated.
Cont 'r@ﬁosure system

The ary container closure for Zynteglo is a 20-mL fluorinated ethylene propylene (FEP)
cryopreservation bag.

Sufficient information on the container closure system has been provided. The choice of this container is
appropriate for the type of product. Information on extractables/leachables and microbiological attributes
has also been provided.

Product specification

Specification
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The proposed commercial FP release specification includes potency, identity, purity, strength, safety
(sterility, endotoxin, mycoplasma), and quality. Upon request, the Applicant has indicated at what stage
the FP release tests are performed.

The set of specifications is in line with regulatory requirements.

Analvtical procedures and reference standards

An overview of the analytical methods and their validation has been provided. In general, is has been
demonstrated that methods are appropriately validated and give no reason for concern.

A reference standard is not used in the testing and release of the FP. E

Batch analysis

Batch analysis data include batches manufactured according to clinical studies. T?K;%a support
consistency of the FP manufactured at the commercial site. Batch analysis data of ittonal) batches
manufactured according to the commercial process were provided upon reques provided results
conform to the FP specification. %

Stability of the product @

The proposed shelf life for Zynteglo FP is 1 year frozen at <-140° C
vapour phase of liquid nitrogen at <-140° C until ready for tha
can be kept at room temperature (20°C to 25°C) for a maxi

The product should be kept in the infusion bag(s) in t
after thawing.

product should be stored in the
administration. Once thawed, it
hours.

cassette(s) and should not be re-frozen

Stability studies have been performed in accordafic ;th current ICH/CHMP guidelines.

Long term stability data support the propost}/&lf life of 1 year at < -140°C. All results reported comply
with the specifications and no trends are ed.

Stability at 25°C was studied. Result plied with the specifications after 4 hours. In the SmPC it is
stated that the product has a ma{@n shelf life of 4 hours. This is considered to be acceptable.

Comparability exe:?Q)r finished medicinal product

See pharmaceutical % ment.
Adventiti u@g nts

itious agents

Non-viral

The tion provided on the control of non-viral adventitious agents is considered adequate. Control
of contamination of the manufacturing facility is briefly described by referring to cGMP compliance,
personnel, cleaning/sanitization, single-use materials, facility design and procedural controls. Media fill
simulation studies have been successfully performed.

Animal derived materials are discussed with regards to the risk for BSE/TSE (Bovine Spongiform
Encephalopathy/Transmissible Spongiform Encephalopathy). Relevant BSE/TSE certificates of suitability
have been provided. The risk for BSE/TSE is considered negligible.
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Viral adventitious agents

Virus safety relies on the adequate control of starting materials and raw materials. The manufacturing
process of LVV, AS and FP contains no steps capable of inactivating or removing viruses.

An overview table is provided of the testing for potential adventitious agents performed at various stages
of the process (starting materials, in process LVV, final LVV, FP).

For all materials of human or animal origin assessments of the risk for adventitious virus transmission
are performed. In general, the information on human- and animal-derived materials is considered to be
sufficient and gives no reason for concern.

2.2.4. Discussion on chemical, pharmaceutical and biological aspec@é

L 2
The dossier content submitted has been of adequate quality; however, several issues en raised

during the procedure. Most issues could be adequately addressed by the Applicant g he
procedure. The initial concerns with regard to the presence of cells with higher he finished
product were adequately addressed by the Applicant. An acceptance criterion %emented that will
also limit cells with high VCN and data are provided that demonstrate that peteémtial overestimation of
potency has no clinical relevance. In addition, the Applicant indicates th changes used in the
commercial process were aimed not only at improving process consistency but also to target VCN
values to retain product efficacy while reducing theoretical risk o genesis. This is supported by the
provided data for the commercial batches. Q

The intention is acknowledged from a safety point of view Qvailable data were initially, however,
too limited to conclude on comparable product efficacymcontrol of potency attributes (i.e. within
the range of refined process batches) was therefore Q sidered necessary but was not provided by the
proposed specifications. Therefore, during the prdceédure this issue was raised as a Major Objection
because sub-potent batches are a considerablé risk to the patient due to the risks associated with of
sub-optimal efficacy because the treatme t@not be repeated. In response to this major concern, the
Applicant agreed to increase the speci aén or provided further justification to maintain the
specification for potency attributes. Irédition, the Applicant provided a commitment to re-evaluation
of the justified initial specificatio n data from the release testing of an additional 20 commercial
finished product batches are ilable. This is acceptable. However, it was considered that the re-
evaluation of the specificdtion uld be extended to other potency tests and the Applicant should also
take into account the ay clinical data. The Applicant has agreed to the following Annex II
condition: in order,t r confirm the appropriateness of the acceptance criteria, the Marketing
Authorisation I;IOIQ AH) should re-evaluate the acceptance criteria for attributes related to potency
tests using b ase data and clinical results after 6 months follow-up of 20 patients treated with
commercia es.

2. nclusions on the chemical, pharmaceutical and biological aspects

The quality of Zynteglo active substance and FP is considered to be acceptable when used in accordance
with the conditions defined in the SmPC. Physicochemical and biological aspects relevant to the uniform
clinical performance of the product have been investigated and are controlled in a satisfactory way. Data
has been presented to give reassurance on viral/TSE safety.

The CAT has identified the following measures necessary to address the identified quality developments
issues that may have a potential impact on the safe and effective use of the medicinal product:
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e In order to further confirm the appropriateness of the acceptance criteria, the applicant should
re-evaluate the acceptance criteria for attributes related to potency tests using batch release
data and clinical results after 6 months follow-up of 20 patients treated with commercial batches.

The CHMP endorse the CAT assessment regarding the conclusions on the chemical, pharmaceutical and
biological aspects as described above.

2.2.6. Recommendations for future quality development

In the context of the obligation of the MAHSs to take due account of technical and scientific progress, the
CAT recommends the following points for investigation:

14 recommendations aimed at improving control of raw materials, providing additional stabi@data for
starting materials, installing in process controls and/or limits for LVV and active substaf nufacture,
completing characterisation of LVV particles, providing further data on LVV and fini §product test
methods, revising acceptance criteria as warranted, re-evaluation of specificati manufacture of
additional batches of LVV and finished product, implementing additional test&h ds and acceptance

criteria, respectively. 0

The CHMP endorse the CAT assessment regarding the recommendations @mure quality development.

2.3. Non-clinical aspects :@

2.3.1. Introduction O

The non-clinical data package included a series of in yitro @xperiments as well as in vivo animal studies,
either using a test article manufactured accordi a base manufacturing process or a refined
manufacturing process.

In vivo pivotal studies were combined to &s therapeutic proof-of-concept (POC), pharmacology,
biodistribution, general safety, single e toxicity and genotoxicity of BB3ept05 LVV-transduced cells.

Considering the nature of the final oduct (human autologous thalassaemic CD34+ haematopoietic
stem cells transduced with the B& lentiviral vector), the test articles used during non-clinical studies
were surrogates, and consistQ ither thalassaemic mouse bone marrow cells transduced with BB305
LVV, or human healthy Nor SCs transduced with BB305 LVV, administered to B-thalassaemic
(Hbbth1/th1) mice andi¢ deficient NOD scid gamma (NSG) mice, respectively.

ogy

>

2.3.2. Phar

Primar@brmacodynamic studies

Zyn ntains autologous HSCs modified to express the transgenic protein BAT872-globin, the primary
pharmatodynamic effect after engraftment and differentiation of the HSCs is the production of BA-T87Q-
globin. The BAT87Q-globin expressed by the integrated transgene can be distinguished from the wild type
BA-globin and other globins by RP-HPLC, using standards containing BA"T87Q-globin and other globins with
known retention times. The relative amount of B~ 787Q-globin produced is reported as the %pA787Q-globin.

Primary pharmacodynamics was assessed in all in vitro and in vivo non-clinical studies.
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In vitro studies:

Table 1: In vitro primary pharmacodynamic studies

Study Species/Strain Test or | Method of | Doses | Gender Noteworthy Findings
number Control Admin. cells/ and No.
Articles kg per
Group
Human SCD (BS/BE, | HPV569 LVV | In vitro NA NA As compared to HPV569 LVV, BB305 LVV was
NC-11- lacking B™) BM | or BB305 a more efficient transducer of human SCD BM
001 CD34+ cells (98.3% | LVV CD34+ cells. After transduction with BB305
CD34+); MS-5 LVV, BAT8Q-globin represented 22% of the
stromal cell line total B-like-globin produced by SCD BM
CD34+ cells.
Human SCD | HPV524 LVV, | In vitro NA NA As compared to HPV569 LVV a#n
NC-11- (BS/B*the!, low levels | HPV569 LVV LVV, BB305 LVV was a ma
004 of B*) BM CD34+ | or BB305 transducer of human SCD B
cells (99.7% | LWV After transduction with
CD34+); MS-5 globin represented 32% e total B-like-
stromal cell line globin produced by S, D34+ cells.
Human healthy | BlaM LVV, | In vitro NA NA As compared tol th@ base manufacturing
B2-16- donor mPB and BM | BB313 (GFP) process, ring BB305 LVV-

276 CD34+ cells LVVvV or transduce with a refined

BB305 LVV i ocess resulted in a greater

transduced (%LVV+) cells and

values, without affecting cellular

gn) differentiation

In two different studies (NC-11-001 and 004) the effect of transducti ith earlier versions of the BB305
LVV (HPV569 LVV and HPV524 LVV) and BB305 LVV on vector umber (VCN) values and BAT87Q-
globin production in SCD (BS/BE, lacking BA) BM CD34+ cells j y-forming cell (CFC, reflecting late
progenitors) and long-term culture initiating cell (LTC-IC thg early progenitors) culture assays
was determined. BB305 LVV largely outcompeted H LVV and performed slightly better than

HPV524 LVV in transduction efficiency (VCN) of b early and late progenitors, erythroid and non-
erythroid cell precursors and in percentage of L lls. After transduction with BB305 LVV, pA-T87Q-
globin represented 22% of the total B-like-g ir%)duced by SCD BM CD34+ cells. Study B2-16-276
showed that, compared to the base manuf ing process, there was an increase in the proportion of
colonies with a VCN greater than 4 ¢ er diploid genome (c/dg) in the refined manufacturing
process. Overall, most colonies have alues between 1 and 4 ¢/dg with the refined manufacturing
process. Several individual coloni ell lot 518 bb305_13913 and _20113 have a VCN upper limit
close to or above 10 c/dg. In & , the VCN of cultured long-term repopulating cells was below 2.5
c/dg. Each DP lot cont ins?h long-term hematopoietic stem cells (LT-HSCs) and short-term
repopulating cells. It is &\e hat 1% of CD34+ cells are LT-HSCs according to the Applicant.

In vivo studies: « \Q

BB305 LVV-trEK d cells were evaluated in the B-thalassaemic (Hbbt"/th1) mouse model and in the

NSG mice.

)
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Table 2: Overview of in vivo primary pharmacodynamic studies

O
2
N

2O

Gender
and No.
Study Species/S Method of | Doses per
number train Test or Control Articles Admin. cells/kg Group Noteworthy Findings
NC-11- CD45.2+ Mock-, HPV569 LVV- or BB305 [ IV  (primary | 11x10° 8 to 1%Primary transplantation of HPV569 LVV- or BB305 LVV-transduced
002 C57BL/6 LVV-transduced CD45.2+ | trans- orQ “I"BMCs from primary donor B-thalassaemic mice into primary
Hbbth/tht B- | C57BL/6 Hbb™/t! B-thalassaemic | plantation) @11 F | recipient B-thalassaemic mice resulted in successful and
thalass- mouse syngeneic Lin- BMCs \ equivalent BM engraftment, correction of dyserythropoiesis,
aemic mice O productive expression of BA ™2 globin, and effective treatment of
Q B-thalassaemia, thereby showing gene therapy POC correction of
-\" the B-thalassaemic phenotype.
NC-12- CD45.1+ Month 4 BMCs from CD45.2+ | IV (sec @ 240%x10° 17 to 23 | Secondary transplantation of HPV569 LVV- and BB305 LVV-
019 C57BL/6 C57BL/6 Hbbt"/tht B-thalassaemic | trans- 6 M or 9 to | transduced BMCs from primary recipient/secondary donor B-
mice mice that received primary | pl n) 21F thalassaemic mice into wildtype mice resulted in successful and
transplantation of mock-, HPV569 equivalent BM engraftment, and maintained improvement of the
LVV- or BB305 LVV-transduﬁ gene therapy-corrected B-thalassaemic phenotype.
CD45.2+ C57BL/6 Hbbthi/t -
thalassaemic mouse 4 s? ic
Lin- BMCs in Stu‘dyo\ C-11-
002. A\
B2-15- NSG mice Mock- or \:{V-transduced I\ (trans- | 50x10° 10 to 15 F | Transduction of human heathy donor CD34+ HSCs with BB305
161 human,CD SCs plantation) LVV using the refined manufacturing process had no adverse
effects on long-term BME in immunodeficient, myeloablated NSG
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mice. As compared to the basemanufacturing process, the refined
manufacturing process resul in comparable long-term BME,
with no differences in BM lar differentiation, but with higher
%LVV+ cells, VCN V@ and BAT87Q-globin production in LTE

BMCs.
e\

B2-16- NSG mice
200

BB305 LVV-transduced human | IV (trans- | 42x106
CD34+ HSCs plantation)

15F

Transducti an CD34+ HSCs with BB305 LVV with the
base ma ing process or the refined manufacturing process
had %rse effects on long-term BME in immunodeficient,
m e@ted NSG mice. As compared to Process 1, Process 2
'Qllted in slightly lower long-term BM engraftment, with no

ferences in BM cellular differentiation, but with higher %LVV+
cells, VCN values and BAT87Q-globin production in LTE BMCs.
Highly-transduced HSCs did not appear to give rise to highly-
transduced LTE BMCs.
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Short-term repopulating cells contained in the CD34+ drug product have a restricted lifespan in vivo and
primarily contribute to short-term hematopoietic reconstitution, whereas long-term repopulating cells
contribute to long-term repopulating into both myeloid and lymphoid cell lineages.

Moreover, it is highlighted that transduction of CD34+ cells is stochastic within a given drug product and
committed progenitors are presumably more easily transduced than primitive cells.

It is hypothesised that cells with a higher VCN were mainly committed progenitors of short-term lifespan
(i.e., do not participate in long term engraftment) mitigating the risk of insertional mutagenesis. As data
on VCN in LT-HSCs is lacking, this hypothesis could not be verified.

Transduction of CD34+ HSCs of healthy donors with the refined manufacturing process resultegfin VCN

between 2 and 6 c/dg depending on cell lot, LVV lot and operator. However, drug product VC ility
can also be attributed to (uncontrollable) intrinsic inter-patient differences of CD34+ HS not the
manufacturing process or LVV potency. K\

Experiments comparing peripheral blood CD34+ HSC with those from bone marr wed comparable
VCN. These studies confirm that the refined manufacturing process yields in& LVV+ CD34+ cells
with VCN in range of approximately 4 c/dg.

In 92% of the transplanted animals, donor cell engraftment was above%o with an average 0.8-3.6
¢/dg. There was no difference between male and female engraftme e. In literature, differences have
been attributed to male specific expression of a MHC antigen. Tl Q!rences observed in study NC-11-
002 are not due to engraftment but most likely due to experi riance and were not toxicologically
relevant.

Engraftment of transduced cells resulted in increasedkvmoglobin and haematocrit levels, increased
RBC counts and decreased reticulocyte% compare ock control animals after 2 and 3 months. After
4 months, for animals given BB305 LVV-transqu@MC, the ratio of BAT87Q-globin in peripheral blood
was above 30%. These improvements were ly comparable between HPV569 LVV- and BB305 LVV-
transduced groups. There were no diffe on WBC count, peripheral blood or bone marrow cell
subsets compared to the sham grou let counts appeared to be deceased in female transduced
mice and slightly reduced in males onths. Slight reductions in platelet counts were still apparent
after 3 months in males and fem@l his is due to an overestimation of platelets in mock animals due
to abnormal erythrocytes behQ nted by the analyser, which is a known phenomenon. Ter119+ CD71
cells, which are erythroid genitors, were significantly increased in bone marrow of mice transplanted
with BB305 LVV-trans BMC compared to sham mice. This corresponded with improved
dyserythropoiesis. 5 LVV-transduced BMC transplanted mice, differentiated erythroid cell counts
were 40% highe mock controls. Haemoglobin and haematocrit were increased and reticulocytes
were decreas& nimals expressing VCN of 1-2.6 ¢/dg. Homeostasis was not investigated (also see
Study NC- ). Total bilirubin concentration was decreased in animals given HPV569 LVV- or BB305
LVV-tra d BMC compared to mock controls. This was related to reduced destruction of RBC and
hae bin degradation in mice treated with transduced BM cells. BB305 LVV-transduced BMC
transplanted mice had reduced spleen weight and corresponded to a reduced spleen size compared to
sham mice. This variability stems from (uncontrollable) intrinsic inter patient differences of CD34+ HSCs
and not the manufacturing process or LVV potency.

Subsequently, bone marrow harvested from B-thalassaemic (Hbbth!/th1) mice transduced with either
HPV569 LVV or BB305 LVV was transplanted in lethally irradiated (11 Gy) CD45.1 C57BL/6. Hbbthi/thl
mice were transduced with Lin depleted Hbbth!/th1 CD45.2 four months earlier. Mice were followed for 6
months post-transplant. Engraftment was obtained with more than 90% of donor cells in bone marrow
of secondary recipients after 6 months. High engraftment of CD45.2 cells was reached in both males and
females in all groups after 4 months. Average percentage of CD45.2 cells was in excess of 85%. After 6
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months, engraftment of CD45.2 cells remained high. There appeared to be an increase in variance in
BB305 males. Nevertheless, average CD45.2 reached 90% or more in all groups.

The average vector copy number per cell in the bone marrow (BM) 4 months post-Bone Marrow
Transplant (BMT) was 1.61 £ 0.95 and 2.33 %+ 1.36 copies per cell for HPV569 and BB305 lentiviral
vectors respectively. Five months post-BMT, the average VCN in blood cells was 1.63 = 1.02 and 2.31
£ 1.40 copy per cell for HPV569 LVV and BB305 LVV respectively. At the end of the study, the average
VCN per cell in the bone marrow of mice prematurely dead or sacrificed at the end of the study was
1.39+ 0.82 and 2.02 + 1.52 copies per cell for HPV569 LVV and BB305 LVV groups respectively,
suggesting that stable reconstitution had been achieved. The maximum (individual highest) VCN
measured in bone marrow in this study was 3.7 c/dg.

Red blood cell count, haemoglobin and mean corpuscular haemoglobin concentration, mean @uscular
and packed cell volume were increased in animals given HPV569 LVV- and BB305 LVV* uced BMC
compared to mock control animals. Reticulocyte counts were decreased. From the h atology data, it
is clear that thalassaemic phenotype is improved, although mean corpuscular,h lobin and mean
corpuscular haemoglobin concentration remain somewhat lower than wil istorical controls.
Furthermore, anisochromia and anisocytosis were observed in transplanted@g s, consistent with the
phenotype of B-thalassaemia. Minimal changes in platelet count wereéae ved in HPV569 LVV and
BB305 LVV transduced animals compared to mock controls. Neverthﬁss, he changes in platelets are
minimal and are not considered to be toxicologically relevant. Mon and neutrophils were increased
in females but not males treated with BB305 LVV-transduced B owever, the data are mostly within
control values of historical data, and therefore not considered? ated to treatment. There is minimal
variability in BMC chimerism (%CD45.2+ cells) and m ariability in %Gr1/Macl+ myeloid cells,
%CD3+ T cells and %B220+ B cells after 4, 5 and 6 months suggesting that there are no drug product
related effects on homeostasis. O

These transduced BMCs, containing B-globin, g@a the typical thalassaemic phenotype. Furthermore,
re-transplantation of transduced bone margw) sults in successful engraftment of CD45.2 cells with a
stable VCN and a maintained correcti f B-thalassaemic phenotype for the duration of the study.

Two studies with the product to b in the clinic were undertaken in which BB305 LVV-transduced
human CD34+ cells were admi& d to immunodeficient, myeloablated NSG ((non-obese diabetic
(NOD) severe combined imr@ deficiency (scid) interleukin-2 receptor gamma (IL-2Ry) knockout
(gamma)) mice. Transduction human healthy donor CD34+ HSCs with BB305 LVV occurred in the

presence of the base m cturing process or the refined manufacturing process). These NSG mice are
immunodeficient a haracterised by the absence of mature T or B cells, lack of functional NK cells and
deficiencies in gytOkiite signalling; they are therefore unable to reject the human CD34+ HSCs. Of note,
NSG (and wi mice do not support the differentiation of human HSCs into erythrocytes, and

therefore, 4 %822-globin production (which relies upon an erythroid promoter and is therefore restricted
to cells Q’(hroid lineage) cannot be directly measured in NSG mice receiving BB305 LVV-transduced
HSC her, BME is assessed by evaluating individual BM samples for relative numbers (%) of human-
origin haematopoiesis-derived cells, composite VCN values and Integration Site Analysis (ISA) profiles,
and by placing pooled BM samples into ex vivo colony cultures to determine the colony composite VCN
values, proportion (%) of colonies transduced and the relative amounts (%) of B-globin chains, including
%BAT87Q-globin, produced by the colonies.

In a first in vivo experiment in NSG mice (B2-15-161), elements of the manufacturing process were
refined. As a result, the applicant switched their production process to the refined manufacturing process
The products resulting from these two processes were once more compared in an in vivo experiment in
NSG mice (B2-16-200). For each of the studies, CD34+ cells from one healthy human donor were used.
In both studies, colony or composite (culture) VCN value, the % of LVV positive cells were determined
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on test article (before transplantation) and BM-derived materials 2 and 4 months post-transplantation.
BME analyses were performed 2 and 4 months post-transplantation. In study 15-161 the test article
material was cultured in several ways to discriminate between the early (LTC-IC) and the late progenitors
(colony-forming cell, CFC) and provide information on transduction efficiency in these two cell
populations. In study 16-200, the %pA"T87Q-globin was determined for burst-forming units - erythroid
(BFU) and cultured erythrocytes.

From both studies it becomes clear that the switch to the refined manufacturing process yields higher
VCN values and a higher percentage of LVV positive cells, resulting in higher BAT87Q-globin expression
levels. It does not seem to influence BM engraftment as this is quite similar between mock-treated and
product-treated animals, where the product is generated by either process.

The proportion of early and late progenitors present in transduced HSCs were estimated LTC-IC
and CFC cultures. CFC cultures on post-transplant bone marrow or peripheral blood of H\%ients were
not performed. However, data on patients with sickle cell disease (from Study HGB- % re available.
These data suggest that the proportion of PB and BM cells above 5 c/dg decli ith longer term
engraftment, supporting the notion that hematopoietic colony-forming cells \ htgh VCN values are
less able to establish long-term BM engraftment in humans.

Related to the switch to the refined manufacturing process the VCN v Iu&ld the percentage of LVV+
cells increased, but these two parameters also showed a larger vagighility. It is not clear whether this
phenomenon is also observed in the clinical results, for instan larger variety in efficiency. The
level of LVV positive cells before and 4 months after transpla is higher in study B2-16-200 (85%
pre-transplantation -> 67% 4 months post-transplantatj as compared to B2-15-161 (53% pre-
transplantation -> 43% 4 months post-transplantation)? , the maximal colony VCN values for both
studies differ. The colony VCN of pre transplantation terial prepared under the refined manufacturing
process reached a maximum of ~8 c/dg in stu 15-161, whereas the maximal colony VCN pre
transplantation was ~16 c¢/dg in study B2 35-208. In the latter study, the variability of colony VCN
numbers is also higher for the refined mafiu uring process, in both pre- and post-transplantation
samples. Based on these data obtain Q ell material from 2 healthy donors it appears that there is
a batch to batch variability, which is a able in large part to inherent differences in the transducibility
of individual donor's HSCs for wl{@e reason is not yet understood.

As becomes apparent from Qa alysis with material from the refined manufacturing process, VCN
values in pre-transplantat material, representing early and late progenitors, are higher as compared
to VCN values obtained fr 2 or 4 months post transplantation material, which may be representative
for engrafted cells® Alsodthe colony VCN values obtained from LTC-IC cultured test material (reflecting
early progenitaqrs lower compared to colony VCN values from CFC cultured test material (reflecting
late progenit “T87Q-globin expression from BFU or cultured erythrocytes seems to be higher from
the pre-t ntation material, compared to BAT8Q-globin expression from BFU or cultured
erythro Q&sing BM material 2 or 4 months post-transplantation. Higher BA-T87Q-globin expression from
pre- antation material as compared to post-transplantation material may indicate higher
insertional activity in myeloid lineage late progenitor CD34+ cells that will not engraft and these cells
are likely to disappear shortly after transplantation. Cells obtained from the BM 2 or 4 months post-
transplantation rather reflect the early progenitors that have engrafted. Apparently, for these cells lower
VCN levels are observed. Data thus seem to indicate that the high VCN values present in the pre-
transplantation material are mainly present in late progenitors that are not likely to engraft, which is
regarded as a positive signal with regards to the mutagenic risk related to insertion. However, these
suggestions are only based on data generated with cells retrieved from two healthy donors (one donor
for study B2-15-161 and one donor for study B2-16-200), which is regarded quite limited.
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Although it was not the purpose of these studies, the product could be considered generally safe
according to a safety evaluation on the basis of animal observations, body weights and haematology
parameters. However, in these studies (B2-15-161 and B2-16-200) no data is presented on persistence
of BB305 LVV-transduced cells in other tissues/organs (other than peripheral blood and bone marrow),
such as spleen, thymus, and lymph nodes. As studies NC-11-002 and NC-12-019 showed persistence of
BB305 LVV-transduced B-thalassaemic mouse BM-derived cells in bone marrow, peripheral blood and/or
lymphoid tissues (thymus and lymph nodes) of mice through Month 4 or Month 6, it is thus assumed
that transduced cells were furthermore also distributed to a non-exhaustive list of tissues/organs.

Secondary pharmacodynamic studies

No stand-alone secondary pharmacodynamics studies were performed with BB305 LVV—trans®;BMCs
and/or HSCs (see discussion on non-clinical aspects). 0\6

Safety pharmacology programme é

No stand-alone safety pharmacology studies were performed with BB305 LV s-&juced BMCs and/or
HSCs (see discussion on non-clinical aspects). @

Pharmacodynamic drug interactions
No pharmacodynamic drug interaction studies were conductlscu55|on on non-clinical aspects).
2.3.3. Pharmacokinetics

As Zynteglo is an ex vivo genetically modified aut ous HSC—based product, traditional absorption,
distribution, metabolism and excretion (ADME) studies are not relevant for Zynteglo.

The pharmacokinetic and biodistribution pfo ies of BB305 LVV-transduced B-thalassaemic mouse

BMCs were evaluated in vivo in a pivatalc ined therapeutic POC, pharmacology, single-dose toxicity
and genotoxicity study in the B- thaIa ic mice. The pharmacokinetics and biodistribution of BB305
LVV-transduced human healthy SCs were also evaluated in vivo in the NSG mice. To assess

markers/parameters wer n non-clinical studies: BA-T87Q-globin production, percent transduced
(%LVV+) cells or colom ctor copy number (VCN) values.

2.3.4. Toxiccé;@

The four plasmgle -dose toxicity studies included studies evaluating BB305 LVV-transduced

biodistribution and in VIVOQ |stence of BB305 LVV-transduced cells in animals, different

B-thalass ouse BMCs and administered by primary transplantation to Hbbth1/th1 B-thalassaemic
mice,in and then by secondary (serial) transplantation to wildtype C57BL/6 mice. Pivotal single-
dose ity studies also evaluated BB305 LVV-transduced healthy human donor HSCs manufactured

by using the refined manufacturing process and administered by primary transplantation to
immunodeficient (NSG) mice. Although not fully Good Laboratory Practice (GLP) compliant, these in vivo
studies (NC-11-002, NC-12-019, B2-15-161 and B2-16-200) were pivotal and combined pharmacology,
biodistribution, single-dose toxicity and genotoxicity studies, conducted in the murine animal model of
B-thalassaemia (C57BL/6 Hbbth1/th1l B-thalassaemic mice) and in the immunodeficient NSG mice.

Single dose toxicity

Four pivotal single dose toxicity studies were conducted in immunocompetent and immunodeficient mice
with a surrogate of Zynteglo FP, via the IV route.

Assessment report
EMA/56140/2020



Table 3: Overview of single dose toxicity studies and findings

>N

Study Species/ Test or Control Articles Method of Doses Gender and Observed
number Strain Admin. cells/kg No. per Maximum Toxicity Noteworthy Findings
Group Nonlethal
Dose
(cells/kg)
NC-11- CD45.2+ Mock-, HPV569 LVV- or BB305 | IV (primary 11x10° 8to 11 Mor 11x10° No toxicit Mc’lﬁted with primary transplantation of HPV569 LVV-
002 (Ly5.2+) LVV-transduced CD45.2+ trans- 7to11F or BB30 transduced BMCs from primary donor B-thalassaemic
C57BL/6 C57BL/6 Hbbth/tht plantation) mice, j ary recipient B-thalassaemic mice.
Hbbth1/tht B- | B-thalassaemic mouse N ente of oncogenesis related to insertional mutagenesis.
thalassaemic syngeneic Lin- BMCs
mice 00
NC-12- CD45.1+ Month 4 BMCs from CD45.2+ v 240x10° 17to 23 Mor9 | 240x No toxicity associated with secondary transplantation of HPV569
019 (Ly5.1+) C57BL/6 (secondary to21F LVV- and BB305 LVV-transduced BMCs from primary
C57BL/6 mice B-thalassaemic Hbbt"/®! mice | trans- @ recipient/secondary donor p-thalassaemic mice into secondary
that received primary plantation) recipient wildtype mice.
transplantation of mock-, No evidence of clonal expansion or oncogenesis related to insertional
HPV569 LVV- or BB305 LVV- (\ mutagenesis.
transduced CD45.2+ C57BL/6 L
Hbbth/tht B-thalassaemic O
mouse syngeneic Lin- BMCs
N
B2-15- NSG mice Mock- or BB305 LVV- 1V (BM 50%x10° MS F 50%10° No toxicity associated with BB305 LVV-transduced human HSCs
161 transduced human CD34+ trans- manufactured by the base manufacturing process or the refined
HSCs plantation) Q manufacturing process. No evidence of clonal expansion or
\ oncogenesis related to insertional mutagenesis.
B2-16- NSG mice BB305 LVV-transduced human | IV (BM 4 15F 42x10° No toxicity associated with BB305 LVV-transduced human HSCs
200 CD34+ HSCs trans- manufactured by the base manufacturing process or the refined
plantation) manufacturing process. No evidence of clonal expansion or

oncogenesis related to insertional mutagenesis.

R\
6\0
%)

(&Q
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Repeat dose toxicity

No repeated dose toxicity studies were performed as the treatment foresees only one unique injection
(see discussion on non-clinical aspects).

Genotoxicity

The BB305 LVV genotoxic potential has been studied during in vitro and in vivo studies.
Carcinogenicity

No carcinogenicity studies were submitted with Zynteglo. @é

&

No developmental and/or reproductive toxicity (DART) studies were submit é@@pport the use of
Zynteglo for the treatment of TDT. 0

Reproduction toxicity

Toxicokinetic data @

Persistent exposure to BB305 LVV-transduced mouse BMCs an @) mouse HSC-derived BMCs was
shown through 4 months or 6 months in all animals of both sex

Local tolerance \O

Local tolerance was assessed in the course of in viv@ldies.
Other toxicity studies \

No immunotoxicity studies have been e@med.

2.3.5. Ecotoxicity/envir ental risk assessment

As this product contains ﬁ cally modified organism, an environmental risk assessment has been

conducted in accordanc Directive 2001/18/CE on the deliberate release into the environment.

Transduced cells of @eglo FP are not able to survive in the environment; they are not infectious and
are eIiminated.in@ arget people by their immune system. Immunodeficient people, other than the
patient for w e product is intended, will not come into contact with Zynteglo as they will not be

involved i istration of the product. Zynteglo FP cells would be recognised as foreign and eliminated
by the e system of an exposed person other than the cell donor (DePolo et al. 2000). It cannot
be e ed that in immunocompromised people other than the specific patients, Zynteglo FP would

persist and assume the function of normal CD34+ cells with expression of BAT87Q-globin. Due to the low
immunogenicity of BAT87Q-globin observed in clinical studies, it is not anticipated that this would cause
an adverse effect. Additionally, administration to the correct patient is assured by traceability
procedures.

Residual amounts of free particles of BB305 LVV are below the level of quantification in Zynteglo FP. In
the event a free particle would be present, lentiviral vectors pseudotyped with VSV-G have been reported
to be inactivated by human serum complement (98.8% after 1 hour) if the LVV particles have not entered
cells. Besides, BB305 LVV is inactivated rapidly under environmental conditions.
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In conclusion, neither Zynteglo FP nor BB305 LVV are expected to be released into the environment at
large. Zynteglo contains transduced, autologous, human cells which are re-infused into the same patient.
It is the goal of the product to proliferate within the patient and the cells cannot survive outside of the
patient and do not compete with other species in the natural environment.

2.3.6. Discussion on the non-clinical aspects

The non-clinical program was well conducted and consisted in four pivotal and combined in vivo studies
conducted to assess proof of concept, pharmacology, biodistribution, single dose toxicity and
genotoxicity of Zynteglo FP cells. Even if not fully compliant to GLP principles, these four in vivo combined
studies allowed the assessment of both primary pharmacodynamics and toxicity. 6

No secondary pharmacodynamics studies were performed which is considered accept I@nce the
secondary pharmacodynamic effects of BB305 LVV-transduced BMCs (i.e. normalisatio ‘Q%al B-globin
and Hb levels, normalisation of the hematologic parameters and correction of -thalassaemic
phenotype) were evaluated in of pivotal pharmacology studies in the B-thal Cc murine animal
model. Results showed that treatment of thalassaemic mice resulted \' correction of the
B-thalassaemic phenotype. 0

No safety pharmacology studies were performed which is considered a ep@e as there was no evidence

of adverse effects on the circulatory, respiratory, neurologic or digestive systems observed in any of the
in vivo studies conducted. Considering the nature and origin of, Ils (autologous human cells) and
the absence of undesirable effects observed during in viy s, the lack of stand-alone safety

pharmacology studies is considered acceptable.

Transduction efficiency in vitro Q\

Several individual colonies of cell lot 518 bb3053§€ and _20113 had a VCN upper limit close to or
above 10 c/dg. In contrast, the VCN of cu\rﬂe long-term repopulating cells was below 2.5 c/dg.
Therefore, it is understood that cells cont i@ igh VCN are likely early progenitors and are not likely
to reconstitute in bone marrow. Tr@ion of CD34+ HSCs of healthy donors with the refined
manufacturing process resulted in VCween 2 and 6 ¢/dg depending on cell lot, LVV lot and operator.
This variability stems from (unco ble) intrinsic inter patient differences of CD34+ HSCs and not the
manufacturing process or LVV, cy.

Effects observed in the i 0 study in the homologous animal model

In 92% of the tragspla animals, donor cell engraftment was above 80% with an average 0.8-3.6
c/dg. However‘ t mitted data representing successful engraftment did not differentiate between
HPV569 LVV- 5 LVV-transduced cells. Furthermore, females transplanted with male BMCs appear
&engraftment rates. Gender differences are noted in the haematological, pathological
logical assessment. This is in line with literature where it has been reported that reciprocal
ion can result in gender differences. In addition, because the drug product is an autologous
application, such differences are not expected. Platelet counts appeared to be deceased in female
transduced mice and slightly reduced in males at 2 months. Slight reductions in platelet counts are still
apparent after 3 months in males and females. This is due to an overestimation of platelets in mock
animals due to abnormal erythrocytes counted by the analyser, which is a known phenomenon.

Four animals died during the study but the cause of death could not be attributed to a treatment related
effect. Microscopic changes in mock-transduced mice showed marked to severe increases in
extramedullary haematopoiesis in spleen. This also corresponded to a minimal to moderate increase in
erythroid cells in bone marrow and is typical for thalassaemic mice. These changes were still present in
HPV569 and BB305 transduced mice, albeit at much lower severity, representing correction of the
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thalassaemic phenotype. No other microscopic changes were noted. The presence of tumours or tumour
cells (e.g. lymphoma) was not recorded in study NC-11-002 (primary transplantation). In study NC-12-
019 (secondary transplantation) leukaemia/lymphoma was observed which was attributed to the long
time since donor cells irradiation (10 months prior to the end of this study, vs 4 months in study NC-11-
002). As irradiation to support grafting of BB305 LVV-transduced CD34+ cells is not part of the clinical
treatment, this observation is not regarded of relevance for human.

Effects observed in the in vivo study in the non-homologous animal model

Related to the switch from to the refined manufacturing process, the VCN values and the percentage of
LVV+ cells increased, but the results of these two parameters showed a larger variability. It is not clear
whether this phenomenon is also revealed within the clinical results, for instance in a larger v%bility
in efficacy. The in level of LVV positive cells before and 4 months after transplantation is hi @'n study
B2-16-200 (85% pre transplantation, sample vs 67% in BM sampled 4 months post trd tation) as
compared to B2-15-161 (53% pre transplantation, 43% 4 months post transpl &%n). Also the
maximal colony VCN for both studies differed. The colony VCN of pre-transplantati aterial prepared
under the refined manufacturing process reached a maximum of ~8 ¢/dg in si\% -15-161, whereas
the maximal colony VCN pre transplantation was ~16 ¢/dg in study B2 15-@ the latter study, the
variability of colony VCN numbers is also higher for the refined manufa process as compared to
Process 1, in both pre- and post-transplantation samples.

@’Eed manufacturing process, VCN
ogenitors, are higher as compared

As becomes apparent from the analysis with material from t
values in pre-transplantation material, representing early an
to VCN values obtained from 2 or 4 months post transpla n material, which may be representative
for engrafted cells. Also the colony VCN values obtaine LTC-IC cultured test material (reflecting
early progenitors) are lower compared to colony VC lues from CFC cultured test material (reflecting
late progenitors). BA T87Q-globin expression from cultured erythrocytes seems to be higher from
the pre-transplantation material, compar to™ BAT87Q-globin expression from BFU or cultured
erythrocytes using BM material 2 or 4 mont -transplantation. Higher BA787Q-globin expression from
pre-transplantation material as co r o post-transplantation material, may indicate higher
insertional activity in myeloid lineag progenitor CD34+ cells that will not engraft and these cells
are likely to disappear shortly af Qansplantation. Cells obtained from the BM 2 or 4 months post-
transplantation rather reflect t Qr y progenitors that have engrafted. Apparently, for these cells lower
VCN levels are observede Da hus seem to indicate that the high VCN values present in the pre-
transplantation material x‘nainly present in late progenitors that are not likely to engraft, which is
regarded as a pos‘iti\q al with regards to the mutagenic risk related to insertion. However, these
suggestions are o sed on data generated with cells retrieved from two healthy donors (one donor
for study B2- and one donor for study B2-16-200) and on data present in literature (Charrier et
al., 2010). V ta from LTC-IC cultured from BB305 LVV-transduced human CD34+ cells would have
provid f@er support for this explanation.

In t studies (B2-15-161 and B2-16-200) no data is presented on persistence of BB305 LVV-
transduced cells in other tissues/organs (other than peripheral blood and bone marrow), such as spleen,
thymus, and lymph nodes. Since studies NC-11-002 and NC-12-019 showed persistence of BB305 LVV-
transduced B thalassaemic mouse BM-derived cells in bone marrow, peripheral blood and/or lymphoid
tissues (thymus and lymph nodes) of mice through Month 4 or Month 6, it is thus assumed that in the
studies B2-15-161 and B2-16-200 the transduced cells also distribute also distribute tissues/organs
similar to what observed in studies NC-11-002 and NC-12-019.

Mutagenic or tumorigenic risk

An in vitro in vitro immortalisation (IVIM) assay (NC-12-016) was conducted to analyse the potential of
the LVV to induce an immortalized or a transformed phenotype in the transduced mouse lineage depleted
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(Lin-) BMCs cells. Evidence of in vitro genotoxicity was observed in the GRV (RFS91) and LVV (l.v-SF)
positive controls in an IVIM assay, confirming the sensitivity of the assay. The mutagenic potential was
strongly reduced for HPV524 LVV, HPV569 LVV and BB305 LVV. Of these, BB505 LVV showed the least
genotoxic potential. In this in vitro assay, insertions were found in or near the following genes; inside
Cdk17, Rad21, Cdk14, or Cadps2, near Pth2r and an insertion upstream of Pdha 2. None of these genes
are related to haematopoietic malignancies. Neither is for any of the six gene products an apparent
relationship with oncogenicity established. In human, IS in all of the six genes were identified, but none
of them were among the top 10 clones or resulted in a malignancy. The issue of the integration and the
potential effect upon treatment of patients with BB305 LVV-transduced CD34+ cells will also be further

followed in the long-term registry for this GTMP with integrative LVV.

Based on available data it is not possible to conclude that the refined manufacturing proces ged in
1.3-fold more unique mappable IS, and 1.2-fold higher proportion of unique mappable in CIS.
These observations are rather indicative for the variability between the different batche ated under

the refined manufacturing process. However, the variability around this mean is ver
for cell batch 1 transduced via the base manufacturing process, the unique e IS and unique
mappable CIS in IS are high, whereas these are low for the same cell batch, t ced with the refined
manufacturing process. Remarkably, for cell batch 3 the exact opposite ation is made. For cell
batch 2, the transduction method only results in a small difference of{a le IS or CIS in IS.

. For instance,

Variability in percentage of LVV+ cells and colony and composite n early and late progenitors as
well as uncertainties on level of unique mappable IS in CIS (seve) hamper the estimation whether
the tumorigenic risk is purely theoretical or whether this mi@ a small but real risk for the patient.
The applicant provided a discussion on the extent tential tumorigenic risk including (DP)
characterisation data on 10 patients treated with ;BXS—LVV transduced CD34+ cells. The highly
polyclonal semi-random integration profile that i cted for SIN LVVs is observed in mouse and
confirmed in human. In the > 550,000 unique, ble ISs identified no contribution of one individual
IS reached >30% at any single time point. outgrowth or haematologic malignancies in any of the
patients receiving Zynteglo was not obser t. Together this indicates that the risk for tumorigenesis
upon transduction of CD34+cells with LVV is rather limited and is likely theoretical, also for DP
manufactured with the refined ma
transduced with BB305 LVV usir&rI
haemoglobin concentrations)

ring process. Patients benefit more from treatment / product
refined manufacturing process (increased BAT87Q-globin and total
pared to the base manufacturing process.

The requested (DP) ch \risation data on 10 patients treated with BB305 LVV-transduced CD34+
cells lacked VCN claté%&lc cultured cells. This was regarded essential to support the proposed
hypothesis that ith high VCN values (and greater numbers of IS) fail to establish long-term
engraftment. ly, this hypothesis is supported by results from mouse studies and by literature
data (Charri 10) but not by clinical data with the current product for the proposed indication. It
would en of interest to observe a relationship between VCN of early progenitors and MOI, viral
batc and clinical parameters as B-globin production, Hb and transfusion independence. As VCN
data omvthe early progenitors or long-term repopulating cells is missing, such a relationship cannot be
identified.

Genotoxicity

The BB305 LVV genotoxic potential has been studied during in vitro and in vivo studies. In an IVIM assay,
BB305 LVV-transduced mouse bone marrow cells showed reduced mutagenic potential as compared to
positive control LVVs. Insertion site analysis of pre-transplantation transduced mouse BMCs and human
CD34+ HSCs displayed the expected SIN LVV integration profile, with no enrichment for insertion in or
near cancer-related genes.
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There was no evidence that higher VCN values are associated with enrichment for integration within
cancer-related genes or increased risk of insertional mutagenesis leading to oncogenesis. In the
nonclinical studies conducted, ISA profiles of BB305 LVV-transduced B-thalassaemic mouse BMCs at
Months 4 or 6 post-transplantation suggested that there was no preferred integration in the MDS1-EVI1
(MECOM), LMO2 or HMGA2 genes. Comparison of the Top 10 IS has not revealed any evidence of clonal
dominance. Integration occurred across the genome, with no enrichment for integration near cancer-
related genes.

Carcinogenicity

No carcinogenicity studies were conducted with Zynteglo. The final product is intended for a single IV

administration, and conventional long-term carcinogenicity studies in rodents do not apply t Ps.
However, from a risk-based perspective, as the final product consists of (immature) C HSCs
transduced by a lentiviral vector, insertional mutagenesis resulting in oné sis (e.g.,

leukaemia/lymphoma) was the primary theoretical safety concern identified by the

As the refined manufacturing process has been shown to induce a greater on of transduced
(%LVV+) cells, higher composite VCN values and greater A 787Q-globin prod a huge number of in
vitro/ and in vivo genotoxicity studies were consequently conducted wi aim to assess the risk
related with SIN LVV-mediated insertional mutagenesis, when using % No tumorigenicity and no
evidence of an oncogenesis event related to insertional mutagene Qere observed in the nonclinical

studies using BB305 LVV-transduced B-thalassaemic mouse BMQ uman healthy donor HSCs.

Reproduction toxicity

Zynteglo in contraindicated in pregnant women as reflé@w section 4.3 of the SmPC, this is because

of myeloablative conditioning. O
Toxicokinetic data Q
Persistent exposure to BB305 LVV- transd ouse BMCs and/or to mouse HSC-derived BMCs was

demonstrated through 4 months or 6 Q.s in all animals of both sexes.
Local tolerance 6

Local tolerance was assessed i course of in vivo studies. No adverse effects were noted at the site
of injection. The absence% s is considered acceptable.

Other toxicity studies @o

No immunotoxici dies have been performed since immunogenicity with BAT87Q-globin is not
anticipated. i will be immunosuppressed at the time of treatment (busulfan conditioning) and
Zynteglo is g

n a single unique occasion.
Environ | Risk Assessment

>

Considering the data provided, Zynteglo is not expected to pose a risk to the environment, providing
handling precautions are carried out as stated in the SmPC in order to minimise any potential risks to
the environment. Patients treated with Zynteglo are informed not to donate blood, bone marrow or
organs in order to prevent transplantation of Zynteglo FP cells to immunodeficient persons as indicated
in section 4.4 of the SmPC.

The CHMP endorse the CAT discussion on the non-clinical aspects as described above.

2.3.7. Conclusion on the non-clinical aspects

Overall, the nonclinical program has been well conducted and supports the approval of Zynteglo. The
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risk of insertional mutagenesis has also been adequately addressed in the non-clinical studies.

The CHMP endorse the CAT conclusions on the non-clinical aspects as described above.
2.4. Clinical aspects

2.4.1. Introduction

GCP

The Clinical trials were performed in accordance with Good Clinical Practice (GCP) as claime@\by the
applicant.

The applicant has provided a statement to the effect that clinical trials conducted outside munity

were carried out in accordance with the ethical standards of Directive 2001/20/EC.

N
o
Qs with TDT

° Tabular overview of clinical studies

Table 4: Overview of Clinical Studies Evaluating the Drug Product in

have the B%B° Genotype,
by Transplantation of
Autologous CD34+ Stem
Cells Transduced Ex Vivo
with a Lentiviral
BAT87Q-Globin Vector in
Patients <50 Years of Age

0 completed
1 discontinued before
conditioning

>9 g/dL without any
RBC transfusions for a
continuous period of
>12 months at any
time during the study
after drug product
infusion. (Calculation
of time period of TI
will start when
patients achieve an
Hb =9 g/dL with no
transfusions in the
preceding 60 days).

AN
Study N
Identifier [
(Status);
Location of Drug Product Reco ed
CSR or Number of Patients | Characteristics and Busu% Primary Efficacy
Protocol (as with TDT! and Recommended Cell | A aily | Endpoint(s) from
applicable) Study Title Genotype Dose C Study Protocol Data Cut Dates
HGB-205 A Phase 1/2 Open Label 7 planned Original 200 RBC transfusion Interim CSR Data
(ongoing) Study Evaluating the (TDT or SCD?) manufacturing ‘u min3 requirements Cut: 11 Oct 2017
Safety and Efficacy of process O (measured in
Module 5.3.5.2 | Gene Therapy of _ 4 TDT treated \ milliliters [mL] per Module
Interim CSR thg B—Hemoglobm_opathles 4 TDT completed >3.0 x 106 kilogram [kg]) per 2.7.2/2.7.3 Data
HGB-205 (Sickle Cell Anemia (all non-BY/°) CD34+ g month and per year Cut:
i ith and B-Thalassemia Major) post-transplant. 07 Mar 2018
_(rpl))a_lflenltszmt by Transplantation of Number of total in-
only?) Autologous CD34+ Stem patient hospitalization | A 4ditional Data
Cells Transduced Ex Vivo days (post-transplant Cut: 13 Dec
with a Lentiviral discharge) at 6, 12, 201.8
BAT87Q-globin Globin and 24 months.
Vector (LentiGlobin C
BB305 Drug Product) \\
HGB-204 A Phase 1/2 Open Label 18 planne Nl Base manufacturing | 3600 to 5000 The sustained CSR Data Lock
(completed: Study Evaluating the process UM*min3 production of 22.0 Point: 07
21 February Safety and Efficacy of 18 trd % g/dL of haemoglobin Mar 2018
2018) Gene Therapy in Patients | o’ed >3.0 x 106 A (HbA) containing B*-
with B—thalassemia Major A -8/ CD34+ cells/kg T87Q-globin for the 6 Module
Module 5.3.5.2 | by Transplantation of 4 5%) ' months between 2.7.2/2.7.3 Data
CSR HGB-204 Autologous CD34+ Stem Month 18 and Month | cyt:
Cells Transduced Ex (¢} ) 24 post-transplant. 07 Mar 2018
with a Lentiviral 1 discontinued before
A-T87Q_, i iti i
(BLent?G?cng?r:n Vec% conditioning Additional Data
Product) * Cut: 13 Dec
AN 2018
HGB-207 A Phasef3, '\Ie Arm 23 planned (15 for Refined or 3800 to 4500 The proportion of Interim CSR Data
(ongoing) St & ing the >12 and <50 years of | commercial HM*min4 patients who meet the | Cut: 22 Feb 2018
Effié d Safety of age; 8 for <12 years | manufacturing definition of
Module 5.3.5.2 | C8 nerapy in Patients | of age) process “transfusion ; Module
Interim C ansfusion- independence” (TI). 2.7.2/2.7.3 Data
HGB-207 endent B- 15 treated 25.0 x 105 Tlis defined as a Cut: 22 Feb 2018
alassemia, who do not CD34+ cells/kg weighted average Hb

Additional
Module
2.7.2/2.7.3 Late-
Breaking Data
Cut:

15 May 2018

Additional Data
Cut: 13 Dec
2018

Assessment report
EMA/56140/2020

Page 39/143



Study

Identifier
(Status);
Location of Drug Product Recommended
CSR or Number of Patients | Characteristics and | Busulfan Primary Efficacy
Protocol (as with TDT! and Recommended Cell | Average Daily | Endpoint(s) from
applicable) Study Title Genotype Dose AUC Study Protocol Data Cut Dates
HGB-212 A Phase 3 Single Arm 15 planned (5 for 218 | Refined or 3800 to 4500 The proportion of CSR Data Cut:
(ongoing) Study Evaluating the and <50 years of age; | commercial UM*min* patients who meet the | NA
Efficacy and Safety of 10 for <18 years of manufacturing definition of
Module 5.3.5.2 | Gene Therapy in Patients | age) process “transf_usil?n Module
Protocol HGB- with Transfusion- red_uctlon (TR), 2.7.2/2.7.3 Data
dependent B- 5 treated >5.0 x 106 defined as Cut:
212 ; .
Thalassemia, who havea | completed CD34+ cells/kg demonstration of a 07 Mar 2018

B/B° Genotype, by
Transplantation of
Autologous CD34+ Stem
Cells Transduced Ex Vivo
with a Lentiviral
BAT87Q-Globin Vector in
Patients <50 Years of Age

>60% reduction in
volume of packed red
blood cell (pRBC)
transfusion
requirements (in
mL/kg) in the post-
treatment time period
of Months 12 to 24,
compared to the
average annual
transfusion

¢

Additional Data
Cut: 13 Dec
2018

9®

LTF-303
(ongoing)

Module 5.3.5.2
Interim CSR
LTF-303
(patients with
TDT only®)

A Longterm Follow-up of
Patients with
Hemoglobinopathies
Treated with Ex Vivo
Gene Therapy Using
Autologous Hematopoietic
Stem Cells Transduced
with Lentiviral Vector

Long-term follow-up
for all patients with a
haemoglobinopathy
who received drug
product during
bluebird bio-
sponsored studies®
22 treated patients
with TDT enrolled (18
from Study HGB-204;
4 from Study HGB-
205)

Not applicable

Not applicable

<
¥

n transfusions
( ed (pRBC
({(mL7kg), haemoglobin

limited to

evels, therapeutic
phlebotomies, iron
chelator use, and
measures of iron
overload.

CSR Data Cut:
21 Nov 2017

Module
2.7.2/2.7.3 Data
Cut:

07 Mar 2018

Additional Data
Cut: 13 Dec
2018

1 Number of patients as of 13 December 2018

205 with data from all patients will be written after completion of the study.
3 Changed from 3200 to 4400 uM*min in Protocol HGB-205 Version 7.0 (19 May 20

2 Note: patients with SCD (N=3 treated) were not included in the efficacy analysx

4 Changed from 4000 to 5000 pM*min in Protocol HGB-207 Version 3.0 (19 ]
5 Note: patients with SCD were not included in the efficacy analysis for this

patients will be written after completion of the study

Methods of pooling data:

o

dule or in the interim CSR HGB 205. A final CSR for HGB-

d in Protocol HGB-204 Version 3.1 (17 March 2014).
018) and in Protocol HGB-212 Version 2.0 (19 June 2018).
or the interim CSR LTF-303. A final CSR for LTF-303 with data from all

Pools are described as used in the SA ﬁ&tted with the MAA. Data for patients in long-term follow-up

LTF-303 were integrated with their

pools described below.

For pooled PD a@na

pri
4, HGB-205 TDT patients,

om parent studies and presented by parent studies within the

, the All Studies non-B%/B° Pooling (HGB-204, HGB-205 TDT patients,

ary analysis set. The PD analysis was also performed on the All Studies
HGB-207 and HGB-212 that

includes all

Fo \Q d efficacy analysis, the Phase 1/2 Studies non-B°/B° Pooling (HGB-204, HGB-205
atients) was the primary analysis set. The efficacy analysis was also performed on the
se 1/2 Studies Pooling (HGB-204, HGB-205 TDT patients). Studies HGB-207 and HGB-

12 were not included in the pooled efficacy analysis, because these studies were recently
initiated and are currently ongoing, and therefore few patients were evaluable for efficacy
endpoints.

The All Studies non-B%B° Pooling (HGB-204, HGB-205 TDT patients, HGB-207) was the
primary analysis set for correlation analysis. The correlation analysis was also performed on
the All Studies Pooling (HGB-204, HGB-205 TDT patients, HGB-207 and HGB-212 that
includes all genotypes).

The Phase 1/2 Studies non-B%/B° Pooling (HGB-204, HGB-205 TDT patients) were used to fit
the linear regression model, the repeated measures mixed model, and the exact logistic
regression model to predict relevant outcomes in HGB-207.
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2.4.2. Pharmacokinetics

No pharmacokinetics studies were submitted (see discussion on clinical pharmacology).

Because of the nature of Zynteglo, conventional methods cannot be used for pharmacokinetic
monitoring. No dedicated PK-PD studies have been conducted because the standard clinical
pharmacology studies such as dose escalation/dose range finding, human absorption, metabolism and
excretion, drug-drug interaction and special population studies are not considered feasible for gene
therapy products.

2.4.3. Pharmacodynamics é

Mechanism of action @

9

L 2
After collection of mobilised peripheral blood samples, the patient’s autologous cells, enkichted for CD34+
HSCs, undergo ex vivo transduction with BB305 lentiviral vector (LVV) (one cycleyof)transduction) to
produce Zynteglo finished product, which is then infused intravenously (I Q& the patient after
myeloablative busulfan conditioning to prepare bone marrow (BM) “niches” &raftment of the HSCs.
Zynteglo finished product is intended for autologous use only, a@ ingle IV administration
(transplantation), to treat non-B%B° TDT. K

The BB305 lentiviral vector (LVV), used for the transduction gf
defective, self-inactivating (SIN), third-generation, human impa ’o
LVV, pseudotyped with the vesicular stomatitis virus glycop&otei (VSV-G). The BB305 LVV encodes a
single amino acid (aa)-modified human BA-globin protei ” hreonine [Thr; T] to glutamine [GIn; Q] at
aa position 87 [BAT87Q-globin]) under the transcripti control of the erythroid-specific human B-globin
promoter and erythroid-specific enhancer eleme (glase I hypersensitive sites HS2, HS3, and HS4)
of the human B-globin locus control region ( )f\

ologous HSCs, is a replication-
eficiency virus type 1 (HIV-1)-based

Zynteglo finished product addresses the @ying genetic cause of TDT by adding functional copies of
the BAT87Q-globin gene. It provides a& e treatment for patients with TDT, potentially eliminating
the need for life-long supportive th regular transfusions and iron chelation therapy. For TDT,
production of the transgenic pro Q'TWQ-globin, provides/restores the synthesis of functional B-globin
chains.

After engraftment and dj \ngion of the HSCs from Zynteglo finished product, the in vivo expression
of the integrated Bi”s in transgene in cells of the erythroid lineage allows the formation of HbAT87Q
(i.e., axBATE7Q,), \ tion of functional B-globin production should reduce the accumulation of excess
uncomplexed in in erythroblasts, thus preventing premature death of the cells, enhancing
erythropoiesi venting haemolysis, increasing total Hb levels and greatly reducing or eliminating the

need fi t@ usions.

Pri and Secondary pharmacology

Pharmacodynamic parameters were evaluated in both Phase 1/2 (HGB-204 and HGB-205) and Phase 3
(HGB-207 and HGB-212) studies, as well as in long-term follow-up Study LTF-303.

Analytical methods

The measurement of pharmacodynamics (PD) parameters that detect the presence of integrated proviral
sequences and the expression of the transgene in differentiated cells can be used to determine successful
delivery and persistence of the drug product. If the patient's HSCs are successfully transduced, they
incorporate the BAT87Q-globin gene into their genome, and therefore their progeny contain the transgene.
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Therefore, the presence of LVV sequences in differentiated nucleated peripheral blood cells indicates the
presence of transduced cells amongst their HSC precursors. The presence of LVV sequences in the
genomic DNA of differentiated cells is detected using quantitative polymerase chain reaction (qPCR) and
is expressed as vector copy number (VCN) (VCN, i.e., vector copies per diploid genome, c/dg). Because
VCN is determined on a heterogeneous population of cells, VCN is a composite value, dependent both
on % cells transduced as well as number of copies per transduced cell. Although all nucleated cells
derived from a successfully transduced HSCs will have LVV sequences in their genome and contribute to
the VCN in peripheral blood, only cells within the erythroid lineage will produce the transcription factors
required to drive expression of the BAT87Q-globin, because the transgene is under the control of the
erythroid lineage specific globin LCR. Only cells of the erythroid lineage will express the transgenic A
T87Q-globin and subsequently contain HbA™87Q that results from the combination of endogenous%obin
with the transgenic BA-T87Q-globin. The presence of BAT87Q-globin is detected using RP-HPL e levels
of BA-T87Q-globin in blood were evaluated. \

In clinical studies using Zynteglo, both VCN in drug product (DP VCN) and VCN in - eral blood (PB
VCN) of treated patients are reported. DP VCN is measured in genomic DNA fr pooled colony-forming
cells after 14 days of in vitro culture. PB VCN is measured in genomic DNA Qripheral blood cells
(i.e., VCN of nucleated cells derived from HSCs after differentiation in viV@' in the treated patient).

RP-HPLC methods were developed and validated for relative quantificﬂn globin chains; the methods
were able to separate wildtype BA-globin (B*) from the transgen uct BAT87Q-globin (BAT87Q). The
relative levels of a-globin and of the B-like globins (% pB-like in chains), in conjunction with the
determination of total Hb in another sample in the same vis@ , allowed for the calculation of the
proportion and quantity of the following Hb fractions ¢h prise total Hb (with associated B-like-
globins involved): HbAT87Q (BA-T87Q) HbA (B*), HbE (BE; % for patients with the BE mutation), HbA; (d),

and HbF (YA and yG). O

N\

Primary pharmacology \
For pooled PD analysis, the All Studi /B° Pooling (HGB-204, HGB-205 TDT patients, HGB-207)
was the primary analysis set. The PD ysis was also performed on the All Studies Pooling (HGB-204,

HGB-205 TDT patients, HGB—207@-¢GB—212 that includes all genotypes).

All 4 studies had a similar stu@ ign. All studies were single arm studies enrolling patients with genetic
defects in their B-globin gehg (thalassaemia or sickle cell disease). All patients underwent haematopoietic

stem cell collection (m ation with granulocyte colony-stimulating factor [G-CSF] and plerixafor
followed by apherési§\for patients with TDT), and myeloablative conditioning using busulfan before the
administrationso eglo. During each parent study, busulfan concentrations were monitored and
busulfan dosi justed to target recommended AUC to effectively remove endogenous untransduced
HSCs.

Afte@roduct administration via IV infusion, PB VCN was monitored at all scheduled visits to monitor
engraftment of transduced HSCs. Total Hb also was measured, and HbAT87Q, HbA, HbA,, HbF, and HbE
(as relevant) were calculated at all scheduled visits after drug product administration to monitor both
transgene expression and expression of endogenous globins.

Study population

As of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies, a total of 33 patients
> 12 years of age with TDT have been treated, of these 24 patients having the non-B°B° genotype.

Across Studies HGB-204, HGB-205 and HGB-207, similar median cell doses were administered with an
overall median (min, max) total cell dose administered to patients with TDT of all genotypes (all studies)
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of 8.100 (5.00, 19.40)x10°% CD34+ cells/kg, and to patients with TDT of non-B%/B° genotype (all studies)
was 7.950 (5.00, 19.40)x10% CD34+ cells/kg.

Myeloablation of the patients before drug product infusion is required to deplete endogenous HSCs, thus
allowing repopulation of the patient with HSCs containing the transgene without dilution due to the
presence of untransduced cells. Busulfan was used as a single agent. Busulfan’s effectiveness in
myeloablation is dependent on pharmacologic exposure, as measured by the AUC, and dosing was
adjusted based on PK monitoring to meet the targeted AUC levels as defined in each protocol. Busulfan
average daily AUC used during these studies: median (min, max) of 4337.0 (3030, 5789) uM*min in
patients of non-B%/B° genotype (in Studies HGB-204, HGB-205, and HGB-207; N=24).

Vector Copy Number (VCN) within Cell Samples é

DP VCN data from Studies HGB-204, HGB-205, HGB-207 and (the long-term follow up TF-303
provided the following values for patients of non-B%/B° genotype: median (min, max) D as highest
in Study HGB-207 (3.350 [2.40, 5.40] ¢/dg; N=10), followed by that in Study HG (1.300 [0.80,

2.10] ¢/dg; N=4) and lowest in Study HGB-204 (0.750 [0.30, 1.05] c/dg); N=%

Study HGB-204 included both non-B%/B° genotype and B%/B° genotype patients\NIHe DP VCN values were
as follows: median (min, max) of 0.750 (0.30, 1.05) c/dg for patients of /B° genotype (N=10) vs
0.650 (0.30, 1.50) c/dg for patients of B%/B° genotype (N=8) for patiﬁs eated in Study HGB-204.

PB VCN was determined in peripheral blood of patients from MQei through Month 48 (Table 5 and

Figure 2). Q
Table 5: PB VCN Summary (TP) \O
Phase 1/2 Studies Phase 3 Studies All Studies
HGB-I04 HGE-104 HGE-104 HGB-205 Pooled ‘ Pooled HGB-207 HGEB-I12 Orverall
Parameter Statistic Non-pYp* pUp® Orerall Non-BYp" Non-B%/p" overall Non-p%p" BB Non-f"/p" Overall
DP VCN N 10 ] 18 n 14 2 10 1 24 33
(avemge/subject, | Mean (SD) 0.715 0.756 0.733 1375 0.904 0.850 3.540 3100 () 2,002 1.733
c/dg) (0.2310) (©.3755) (0.2946) (0.5620) (0.4534) (04237 (0.8972) (1.4812) (1.3096)
Median 0.750 0.650 0.700 1300 0.200 0.800 3350 3.100 1.300 1.000
(Min, max) | 030,105 0.30,1.50 0.30,1.50 0.80,2.10 030,210 030,210 240,540 3.10,3.10 0.30,5.40 0.30,5.40
PB V(N at N 10 [ 18 4 14 2 6 0 20 28
Month & Mean (5D 0.483 0.396 0.444 2127 0853 0.750 1.003 - 1.265 1016
(c/dg) (0.3199) (0.2584) (0.2392) (1.8488) (1.2058) (0.9988) (1.0289) (1.2208) (1.1142)
Median 0.440 0.333 0356 1.765 0.583 0391 2,043 - 0.867 0.518
(Min, max) | 0.10,088 0.08, 0.95 0.08,0.95 029,460 0.10,4.69 0.08, 460 0.25,3.38 - 0.10,4.60 0.08,4.69
PBVCN at N 10 8 18 n 14 2 0 0 14 2
Month 24 Mean (ST 0.501 0379 0447 1.796 0.871 0692 - - 0.871 0.692
(c/dg) (0.3852) (0.2502) (0.3289) (1.3665) (0.9498) (0.7986) (0.9498) (0.7986)
Median 0422 0312 0312 1743 0.685 0.405 - - 0.685 0.405
(Min, max) | 0.10,1.04 0.06 0.87 0.06,1.04 038,331 0.10,3.31 0.06,331 - - 0.10,331 0.06,3.31
Data as of 22 February 20 tudy HGB-207 and 07 March 2018 for all other studies
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Figure 2: VCN Over Time in Peripheral Blood for Non-B°/B°, by Patient

Vector Copy Number (c/dg)

Months Post Drug Product Infusion

Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other $tudjes

Note: Symbols indicate individual patients. Blue = patients from Study HGB-204, féd = patients from Study HGB-
205, and green = patients from Study HGB-207. Patients who achieved tr, ion independence (TI) at any time
are represented with solid lines, and patients who have not yet achieved @ represented with dashed lines.

HbAT87Q jn Peripheral Blood Q

Median HbAT87Q |evels in the non-B%/B° patients are sh Figure 3 with parent study indicated by
colour: red (HGB-205), blue (HGB-204), and green B-207). The median (min, max) for HbAT87Q at
Month 6 for patients with non-B%/B° genotype for GB-204 was 4.153 (1.03, 8.52) g/dL, for Study

HGB-205 was 7.543 (4.94, 9.59) g/dL, and%for Study HGB-207 was 9.409 (3.35, 10.47) g/dL. Data
indicate that HbAT87Q |evels generally increa@' m Month 1 through approximately Month 6 to Month 9,
after which time they stabilise.

Figure 3: HbAT37Q Over Time in R@eral Blood for non-B°/B°, by Patient
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Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies

Note: Symbols indicate individual patients. Blue = patients from Study HGB-204, red = patients from Study HGB-
205, and green = patients from Study HGB-207. Patients who achieved transfusion independence (TI) at any time
are represented with solid lines, and patients who have not yet achieved TI are represented with dashed lines.
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Relationship Between HbA™87Q Levels at Early Time points (Months 6 or 9) vs HbA™87Q Levels
at Later Time points (Month 18 or 24)

Due to similarity of HbAT87Q kinetics over time between patients, HbAT87Q values at early time points tend
to correlate with HbAT87Q values at later time points. Using data on the non-B%/B° genotype patients from
the Phase 1/2 studies, strong correlations were observed between the HbAT®’Q value at Month 6
(r =0.9252) or Month 9 (r = 0.9809) and HbAT87Q measured at Month 24. This suggests that HbAT87Q
values measured at these two time points, particularly at Month 9, could be used to predict HbAT87Q
levels at Month 24 (see Figure 4).

Figure 4: HbAT87Q at Early vs Late Time points Aé
A. Month 6 vs Month 12: Non- B. Month 6 vs Month 24: Non-
"/ p* Genotype f0/f0 Genotype
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Source: Figure 2.2.11.2.2 Source: Figure 2.2.11.2.1

Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies

Hb Fractions Over Time

Hb fractions over time are presented in Figure 5 for transfusion-free patients of non-B%/B° genotype,
where transfusion-free is defined as not receiving a pRBC transfusion for a continuous period of at least
12 months. Endogenous HbE or HbA make important contributions to total Hb for patients of non-B°%/°
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genotype who were able to be maintained transfusion-free in Studies HGB-204 and HGB-205. In these
Phase 1/ 2 studies, at Month 24 for transfusion-free patients of non-B°/B° genotype, median (min, max)
HbAT87Q was 6.600 (3.80, 10.13; N=12) g/dL, HbE was 2.900 (2.08, 4.78; N=8) g/dL, HbA was 2.551
(1.00, 6.44; N=4) g/dL, HbF was 0.384 (0.08, 1.37; N=12) g/dL, and HbA, was 0.328 (0.19, 0.56;
N=12) g/dL.

Panel A shows that HbAT87Q |evels increase initially as patients begin to express the transgene and reach
plateau levels around Month 6 to Month 9. In Phase 1/2 studies, median (min, max) HbA™7Q was 6.600
(3.80, 10.13; N=12) g/dL at Month 24 for transfusion-free patients of non-B%/B° genotype.

Panel B shows the kinetics of HbE in patients with at least one BF allele. After drug product infusion, HbE
kinetics paralleled that of HbAT87Q, with endogenous levels of HbE, reaching plateau levels by hs 6
to 9. In Phase 1/2 studies, median (min, max) HbE was 2.900 (2.08, 4.78; N=8) g/dL at N@ﬂ 24 for

transfusion-free patients of non-B%/B° genotype.

Panel C shows kinetics of HbA in patients with at least one B+ allele. After drug p &t infusion, HbA
levels initially decreased as patients stopped pRBC transfusions and exogen lood cells (RBC)
were metabolized, and then plateau by Months 6 to 9, reflecting endogenou production. In Phase

1/2 studies, median (min, max) HbA was 2.551 (1.00, 6.44; N=4) g/dL a 24 for transfusion-free
patients of non-B%/B° genotype.

Panel D shows kinetics of HbF in all transfusion-free patients of nt@ B° genotype. HbF levels tended
to show a peak around 2 to 3 months after drug product infusi e variability of HbF (in Phase 1/2
studies, median (min, max) HbF was 0.384 (0.08, 1.37; N L at Month 24 for transfusion-free
patients of non-B%/B° genotype) reflected variation in t @ of HbF that patients stably expressed.

Panel E shows that in general, HbA, contributed tlvely low amounts to the total Hb levels of
transfusion-free patients. In Phase 1/2 studies, @ (min, max) HbA, was 0.328 (0.19, 0.56; N=12)
g/dL at Month 24 for transfusion-free patlent f nen-B9/B° genotype.

Figure 5: Boxplot of Hb fractions ove among transfusion-free patients of Non-°/B°
Genotype 0

A. HbAT™Q(Transfusion-free Subjects of Non-p%B’ Genotype)
10 ’ I I
o - | s o i
G -
ey
T | l i
2 g4 E - N 4
o e e
~
© | 1
=
Z |
o
3
0- T T =T T T T T T T =i T T T T
1 2 3 6 ] 12 15 18 b3 24 30 36 42 48
Menths Post Drug Product Infusion
[Study © HGB204 B HGB205 B HGB-207 |
Number of subjects

204 B 8 & ] B ] 8 ] B ] 5 5 1

205 4 4 4 4 4 4 4 i 4 4 4 2 2

207 1 1 1 1

Assessment report
EMA/56140/2020 Page 46/143



B. HbE (Transfusion-free Subjects with a p¥ Mutation)
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D. HbF (Transfusion-free Subjects of Non-B"/p" Genotype)

2.0+
1.54
%' I s
= N
% 1.0+
T ™ a
[~ “‘\
D O ~H i
™ =
054 = " :
1 ] l“"é ‘i\\\L i
oo T T T T T T T :\ T T
1 2 3 ] 9 12 15 18 21 24

Months Pest Drug Product Infusicn @
[Study & HGE-204 @ HGB-205 H HGB-207 | ¢ 6
Number of subjects \
204 R R R A R R R | R R 5 L 1
205 4 4 4 4 4 4 4 3 4 4 4 2 2 2
207 1 1 1 ' 1
E. HbA2 (Transfusion-free Subjects of Non-p%p® Genotype) §

(#))
08 K
g 06 s . >
2 ;
g
b o 44 \
L 1
v
02
DG T T T T T T T T T T T T T
1 2 3 & 8 fre 45 48 2 24 By g oA W
Menths Post Drug Product Infusion
|Study B HGB-204 B HGB-205 B HGE-207 \
Number of subjects
204 L] L] ] ¢ ] ] ] 9 8 8 1 11 1
205 4 4 4 4 4 [l 4 3 4 4 4 2 2 z
207 1 1 1 1 1
A 4
Data as of 22 February 2018 for St B-207 and 07 March 2018 for all other studies

Ratio of a- globln -@-globms

In study HGB- 20 r becoming transfusion independent, all patients were able to maintain a stable
a/B-like ratio O\ 1, ranging from 0.86 in one patient through 1.26 in another patient at Month 24.

In Stud 4: After becoming transfusion independent, the patients were able to maintain a stable
a/B-like close to 1 with ratios ranging from 1.07 through 1.34 at Month 24.

Relationship between Dosing Characteristics and PD Parameters

In general, the highest HbAT87Q after drug product infusion was reported for the patients with the highest
DP VCN. Despite the existence of one patient in Study HGB-207 that had a much lower HbAT87Q than DP
VCN, results showed a correlation for patients of non-B%/B° genotypes (p=0.0001; Table 6). Only limited
data for Phase 3 studies conducted with the refined or commercial manufacturing process are available.
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Table 6: Relationships between dosing characteristics and PD parameters (Pearson
correlations)

IX-axis Y-axis
(Independent) (Dependent) Population R value p-value
DP VCN PB VCN at M6 TP R=0.6916 p=<0.0001
Non-f%p° R=0.6424 p=0.0023
HbATQ at M6 TP R=0.7520 p=<0.0001 é
Non-pY/p° R=0.7561 h=0.0001 @
.
HbATEQ 8t M24 TP R=0.6910 p=0.0004 \6
Non-p¥/p° R=0.8182 p=0.0003 O
Total cell dose HbAT*Q at M6 TP R=-0.0692 p=0.7263 Q
Non-p%p° R=-0.0435 p=0.8557 0\
HbATHQ at M24 TP R=0.2364 p=0.2895
Nou-p%/p° R=0.2385 p=0.4116
Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all Studies

Predictive Modelling

Development of Models

Given the strong correlation between HbAT8’Q a
can be used to predict HbAT87Q at Month 12/24 o

observed HbAT87Q data at Month 6 or Mont

B9/B0 patients of Studies HGB-204 and I-@
s

Table 7: Fitted Univariate Linear

t

&

\0(\

and later time points, linear regression models
nth 18/24 for Study HGB-207 patients using their

establish the linear relationship, data from the non-

sion Models

5 were used (N=14) (Table 7).

N
QJ Estimated | 95% CI of
Model X Y p-value
9 Slope Slope
\ v
Model 1 HbAT87Q g 6 HbAT87Q at M12 | 0.86 (0.59, 1.14) <0.0001
VN
Model 2 HbA;:K&t\VIG HbAT87Q at M24 | 0.91 (0.68, 1.15) <0.0001
Model 3 &‘}Q at M9 | HbAT®Qat M18 | 1.11 (0.95, 1.28) <0.0001
Model@ AT87Q at M9 | HbAT87Q at M24 | 1.11 (0.97, 1.25) | <0.0001
Data February 2018 for Study HGB-207 and 07 March 2018 for all other studies

As a sensitivity analysis, the repeated measures mixed model was applied to assess HbAT87Q expression
post Month 6 and up to Month 24 (inclusive). Model 5 used HbA™7Q at Month 6 as a predictor while
including visits (Months 9, 12, 15, 18, 21, and 24) as a categorical covariate. The results of Model 5
were very similar to those of Model 1 and Model 2.

Use of Models to Predict HGB-207 Results

The fitted models were applied to predict HbA™7Q at either Months 12, 18, or 24, based on Study HGB-
207 patients with observed HbAT87Q at Months 6 or 9 (Table 8). These models predict that 5/6 of these
patients will be producing approximately 9 g/dL or greater of HbAT87Q at Months 12, 18 and 24 in Study
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HGB-207. Therefore, total Hb is expected to consistently reach levels such that chronic pRBC transfusions
are no longer required (>9 g/dL) (Cappellini et al. 2014).

Table 8: Predicted HbAT87Q Expression at Later Timepoints of Study HGB-207 Patients

Using observed values at Month 6 Using observed value at
Month 9
Model 1: Model 5: Model 2: Model 5: Model 3: Model 4:
Predicted Predicted Predicted Predicted Predicted Predicted
) HbhATEQ HbATHQ HbhATI HbATHQ HbhATQ HbhATEQ
Subject ID E . . . o . .
xpression Expression Expression Expression Expression Expression
(g/dL) at {g/dL) at (g/dL) at (g/dL) at (g/dL) at (g/dL) at
Month 12 Month 12 Month 24 Month 24 Month 18 Month 24 6
9.6326 9.6655 100715 9.9039 9.5516 9.5989 ’)
43362 43139 44779 45523 3.8832 39344
10.4762 105179 109626 10.7564 11.1859 11.232
8.9738 8.9999 9.3758 9.2383 NA NA
9 4864 9.5178 99171 9.7562 NA NA
9.7357 9.7697 10.1805 10.0082 NA NA

Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other s dies

Despite the similar ranges of HbA™7Q produced by patients w, B%/B° and B°/B° genotypes, the
observed clinical outcomes were different in these 2 groups i %1/2 studies. Within Study HGB-204,
only 1/8 (12.5%) patients of B°/B° genotype was able to a TI by the end of the study, presumably
because patients of B°/B° genotype produce no endog& B-globin. In contrast, the majority (8/10,
80%) of patients of non-B%B° genotype in Study HG 4 were able to meet the criteria to establish TI,
presumably because of the contributions of endo@eus globins. Based on results presented Month 6/9
HbAT®7Q values are associated with HbAT8”Q \%'es t Month 12/18/24. Thus Month 6/9 HbAT®’Q values
were also used to predict the binary outc r@ whether or not patients would achieve TI at Month 24,
or at any time during the study. 6

Relationship of HbAT37Q Produc Clinical Outcome Model Development

205 to evaluate the rela between the probability of achieving TI at Month 24/any time and
HbAT87Q at Month 6/9. B-204 and HGB-205 non-B%/B° patients were pooled to increase sample
size for a more accu? . Among the 14 patients, 11 patients achieved TI at any time/Month 24 and
3 patients did no e TI at any time/Month 24.

Exact logistic regression modﬁ&re fitted to 14 non-B°%/B° patients from Studies HGB-204 and HGB-

\d the relationship between probability of achieving TI at any time and the continuous
alue at Month 6. This suggested that the probability of achieving TI at any time and the
HbAT87Q ) at Month 6 were highly correlated. Model 7 showed a similar relationship between
of achieving TI at any time and the HbAT87Q (g/dL) at Month 9.

Model 6 esta

Table 9: Univariate Exact Logistic Regression Models: Achieving TI at Any Time and HbAT87Q
at Months 6 and 9

Exact odd 93% CT of
Model: X Y wact odds Exact odds p-value
ratuo .
ratiwo
Model 6 HbAT® ot Mg | Probability of TI 201 (0.94, 6.92) 0.0824
at Any Time
Model 7 HbAT¥™@ 5 Mo | Probability of TI 1.99 (0.96, 6.47) 0.0714
at Any Time
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Subgroup analysis

Subgroup Analysis of PB VCN

Subgroup analyses for PB VCN were performed by age (12 to <18 vs =18 years of age), gender (male
vs female), and race (Asian vs White; data shown in summary of Clin. Pharmacology). All subgroups
showed similar kinetics, with median PB VCN values stabilizing by approximately Month 6.

Subgroup Analysis of HbAT87Q

Subgroup analyses for HbA™7Q were performed by age (12 to <18 vs >18 years of age;), gender (male
vs female) and race (Asian vs White). All subgroups show similar kinetics, with HbAT87Q values stabilizing
by approximately 6 to 9 months. No meaningful differences were observed (data shown in sur%ry of
Clin. Pharmacology).

L 2
2.4.4. Updated data on PD parameters: 13 December 2018 K\

An additional data cut was performed of the HGB-207, HGB-212, and LTF-30 inieal databases on 13
December 2018. As of 13 December 2018, a total of 42 patients = 12 year% with TDT have been
treated, of these 32 patients having the non-B%/B° genotype. @

of 7.80 x 106 (5.0, 19.4) CD34+
max) of 44.0 (27, 92) days from

All patients were administered Zynteglo with a median (min, max) do
cells/kg (N=32). Patients remained in the hospital for a median
conditioning through discharge (N=32).

Median (min, max) DP VCN was 3.400 (2.40, 5.60) ¢/d QlS). Once established, PB VCN levels
generally stabilise by Month 6; PB VCN at Month 6 was 2. (0.25, 5.41) c/dg for patients of non-B%/B°
genotype in Study HGB-207, (N = 11). For patients@ll studies, both PB VCN and HbAT8’Q |evels have
been persistent through last follow-up (up to Month as of 13 December 2018).

X

Table 10: VCN for studies HGB-ZOX@-ZOS and HGB-207

HGEB-104 HGB-205 HGEB-107
Parameter Statistic N =10 >N=4
DP VCN (c/dg Median 0.750 1.300 3.400
{min, max) (0.30, 1.03) (0.800, 2.10) (2.40, 5.60)
N=13
M6 PE VCN Median 0.440 1.765 2,451
(c/dg) {min, max) (0.10, 0.88) (0.29. 4.69) (0.25, 5.41)
N=11
M6 HbATS™R Median 4153 7.543 9.404
(g/dL) {min, max) (1.03, 8.52) (4.94.9.59) (3.35, 10.60)
N=11
M24 HpATR Median 5418 8147 Predicted range (4.4779,
(g/dL) {min, max) (1.10, 9.60) (6.72.10.13) 11.0829)
N=11

Data@} December 2018

All patients with TDT with a non-B%/B° genotype who received Zynteglo with at least 3 months of follow-
up produced HbA™7Q (N=10, HGB-204; N=4, HGB-205; N=14, HGB-207; N=1, HGB-212). For patients
with at least 6 months of follow-up, HbAT87Q generally increased steadily after Zynteglo infusion and
stabilised by approximately Month 6 to 9 post infusion. Patients had a Month 6 median (min, max)
HbAT87Q of 4,90 (1.0, 9.6) g/dL in the Phase 1/2 studies (N=14, HGB-204 and HGB-205) and 9.49 (3.4,
10.6) g/dL in the ongoing Phase 3 study (N=11, HGB-207). Phase 3 studies are conducted with the
refined or commercial manufacturing process, resulting in increased drug product vector copy number
(DP VCN), PB VCN, and HbAT87Q as compared to Phase 1/2 studies. With the increased HbAT87Q levels in
Phase 3 studies, endogenous haemoglobin (Hb) may not be as important a determinant of total Hb post
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treatment, and patients may be able to increase total Hb to levels sufficient to achieve and maintain
transfusion independence (TI) regardless of genotype and endogenous B-globin production.

HbAT87Q remained generally stable through Month 24 with a median (min, max) of 6.44 (1.1, 10.1) g/dL
(N=14, HGB-204 and HGB-205), and through long-term follow-up in LTF-303, demonstrating stable
integration of the BAT87Q-globin gene into long-term HSCs and stable expression of the BAT87Q-globin
gene in cells of the erythroid lineage (Figure 6).

Figure 6: Median HbAT87Q gver time for non-B°/B° patients
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Data as of 13 December 2018 7
Ratio of a-globin to B-like-globins; ents in study HGB 207, with at least 6 months of follow-
up, the median a-globin to B-like- gIo in ratio, as observed at last visit, was 1.07, range of 1.02 to
1.14, (N=11).
2.4.5. Discussion Qn\@lcal pharmacology
Because of the nat Zynteglo, conventional methods cannot be used for pharmacokinetic
monitoring. No d ated PK-PD studies have been conducted because the standard clinical
pharmacology stldids’ such as dose escalation/dose range finding, human absorption, metabolism and
excretion, dr, ug interaction and special population studies are not considered feasible for gene
therap pr@
The ce of integrated viral sequences and the subsequent expression of the transgene are

presented as pharmacodynamic (PD) parameters to determine the incorporation and persistence of the
drug product. The presence of LVV sequences and vector copy numbers can be established in the drug
product, bone marrow cells and peripheral blood cells (PB VCN). When HSCs are transduced with BB305
LVV, they incorporate BAT87Q-globin gene in their genome. The HbAT®’Q will be produced by all their
progenitor cells that have differentiated into the erythroid lineage.

PD parameters have been presented from two finalised phase 1/2 clinical trials (HGB-204 and HGB-205)
and 2 ongoing phase 3 clinical trials (HGB-207 and HGB-212). After drug product administration via IV
infusion, PB VCN was monitored at all scheduled visits to monitor engraftment of transduced HSCs. For
optimization of drug product, transduction, and transplantation procedures, PB VCN was a useful marker,
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even though PB VCN is considered to be of limited relevance as clinical outcome. The ultimate goal of
the therapy is to achieve adequate amounts of total haemoglobin (Hb) to obtain transfusion
independence (primary efficacy endpoint), and for this purpose HbAT87Q |evels can be used as surrogate.
HbAT87Q production alone or supplemented with endogenous Hb (e.g. HbE, HbF, etc) is required to
achieve levels of 9 g/dl or higher to meet the definition of transfusion independence.

In all studies, successful engraftment was achieved in all patients, and busulfan doses and total cell
doses were sufficient to achieve effective haematopoietic reconstitution. A dose effect could not be
investigated for Zynteglo due to the individual nature of the product. In Phase 1/2 clinical studies HGB-
205 and HGB-204, the minimum recommended dose of Zynteglo was 3.0 x 105 CD34+ cells/kg; this
was based on practice for autologous transplantation. The recommended cell dose is a singl
drug product with =5.0 x 10% CD34+ cells/kg body weight. The doses administered in clinic
date are 5.0 to 19.4 x 10° CD34+ cells/kg. The minimum recommended dose is the sam
adolescents 12 years of age and older (see Summary of Product Characteristics [SmP \Q upper dose
limit has not been determined. As a matter of fact, the number of CD34+ cells ade ed to a patient
is limited by the number of cells that could be collected from the patient. The
CD34+ cells for infusion of autologous cell products prescribed in the literatu

leood cells at their last

aximum dose of

All patients with TDT who received Zynteglo had LVV sequences in perﬁbg
visit. In all studies the VCN in peripheral blood was generally lower t n the DP, this is likely due to a
dilution effect as busulfan only ablates HSCs and not mature white ceIIs PB VCN kinetics over time
are similar between patients, showing a plateau at approxim@ 6 months after Zynteglo infusion
followed by stable expression over time (a correlation coeffigie >0.9 between PB VCN at Month 24
versus PB VCN at Month 6). Stable values were maint 'n@1 the patient with the longest follow up of
approximately 60 months after drug product infusion. 3\

All patients who received Zynteglo produced H aining BAT87Q-globin (HbAT87Q). Median HbAT87Q
levels increase from Month 1 through approximately Month 6 to Month 9, after which time they stabilize.
Significant correlations (p<0.0001) were o Xd between HbAT87Q at Month 6 or Month 9 and that at
Month 24 (HGB-204 and HGB-205). ? t of HbAT®7Q produced was variable between patients. For
B°/BC patients in Phase 1/2 Study H% the within patient variability can be explained by dilution
after periodic pRBC transfusions, |ch the majority were still dependent. For non-B%/B° patients, the
variation in HbAT87Q productio tween patients could be due to a variety of factors associated with
drug product manufacturi§1h dministration as well as between-patient variability.

Additional analyses indi at there is a relationship between PB VCN and HbAT87Q which appears to
be linear at PB VG\V s below approximately 1.0 ¢/dg, but that above that, the curve flattens out,
appearing to pla t >2.0 ¢/dg (R2 = 0.8, p<0.0001, N = 34). A similar relation is noted between DP
VCN and Hb &Month 6 (R2 = 0.6, p<0.0001, N = 34). In general, patients with the highest DP
%LVV+ ¢ the highest PB VCN after drug product infusion and, as a consequence, a similar
relation ith HbAT87Q at Month 6 (R2 = 0.7, p<0.0001).

pears to be an inverse correlation between HbA™7Q production and endogenous B-globin at
Month 6 in patients not receiving pRBC transfusions.

Non-B%/B° patients produce low amounts of endogenous HbA or HbE (depending on type of B-globin
mutation), as well as HbA> and HbF. All endogenous Hb fractions (i.e., HbF, HbA>, HbA or HbE as
relevant) reached stable levels by approximately the same time as the transgenic HbA™®7Q (i.e., by
approximately 6 to 9 months) in patients no longer receiving pRBC transfusions and were maintained at
stable levels out to at least 24 months.

In HGB-204 and HGB-205, patients were reported with an a/B chain ratio of above 1 at Month 24, which
in most cases was an increase from the ratio before transplantation. The synthesis of these chains is
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very tightly coordinated so that the ratio of alpha globin to B globin is normally 1 +/- 0.05. The clinical
relevance of this observed imbalance in a/B chains and the increase from baseline is not known. There
might be a ceiling of B-globin or total Hb within a cell at which mechanisms of metabolism or down-
regulation exist that prevent B-globin accumulation. However, it is unclear whether dysregulation of
these mechanisms of degradation of excess B-globin could occur.

Study HGB-207 is still ongoing with a median follow-up time of 5.59 (0.8, 13.2) months. In line with the
results from the phase 1/2 studies, the preliminary data from study HGB-207 showed production of
HbAT87Q, A linear regression model was built based on studies HGB-204 and HGB-205 in order to predict
levels of HbAT87Q at Month 12/24 with data from Month 6. The Applicant performed multiple correlations
providing a strong correlation on the kinetics of PB VCN and HbAT87Q at different time poi
correlations and regression models suggested that Month 9 had a stronger relationship wit
and 24 (r = 0.9760 and 0.9809, respectively) than Month 6 data have with Months 12 and
and 0.9252, respectively); thus the models predicting outcomes based on Month 9 d preferred.
Logistic regression models were also fitted using data from the 14 non-B°%/R° patient&m HGB-204 and
HGB-205, in order to evaluate the relationship between the probability of achi at Month 24/any
time and HbAT87Q at Month 6/9. However, the models have not been validat en the small patient
sample. The prediction intervals were wide, which reflects the uncertain icffon in the models. Thus,
no conclusion can be drawn in light of the model uncertainties. %

0.8929

During the clinical studies, the drug manufacturing process was ch \ for optimization of transgene
expression. This change in manufacturing process in studies H , HGB-204, and HGB-207 had a
clear influence on the median DP VCN achieved with the hig ian DP VCN in HGB-207,
consistent with improved transduction efficiency of the«e and commercial manufacturing
processes. A relation between the DP VCN and PD parakers has been shown and thus this process
change also influenced PB VCN and HbAT87Q |evels, e with this, higher HbAT8’Q |evels were
obtained in patients treated in Studies HGB-207 GB-212, as compared to patients treated in
Study HGB-204. Therefore, even though cliagxperience with the commercial manufacturing
process in Phase 3 studies is more Iimita@' rate of transfusion independence could be expected.

2.4.6. Conclusions on clini harmacology

engraftment in all patien VV sequences integrated into HSCs, resulting in transgene expression

and subsequent BA TS7Q%} in treated non-BY%/B° patients. Transgene expression and BAT87Q-globin

production plateaue roximately 6 to 9 months after Zynteglo infusion, although long-term follow-

up is limited. Qes me uncertainties identified with the regression model used to predict HbAT87Q at

Months 12/2& dy HGB-207, it confirmed that the results were in line with previous phase 1/2
with the product.

The presented data show t@&ynteglo administration at all tested doses resulted in successful
wit

studies co%
The CH dorse the Committee for Advanced Therapies (CAT) assessment regarding the conclusions
on th ical pharmacology as described above.
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2.5. Clinical efficacy
2.5.1. Dose response studies

Phase 1/2 study HGB-205

Study HGB-205 was an "Open Label Study Evaluating the Safety and Efficacy of Gene Therapy of the -
Hemoglobinopathies (Sickle Cell Anemia and B-Thalassemia Major) by Transplantation of Autologous
CD34+ Stem Cells Transduced ex vivo with a Lentiviral BA-T87Q-Globin Vector" (Zynteglo finished product).

Drug product in this study was manufactured using the original manufacturing process. e
Study Participants @
Inclusion Criteria: ’\6

1. Between 5 and 35 years of age, inclusive. é

e Adult patients (between 18 and 35 years of age, inclusive, at the time\\@sent) must be able
to provide written consent. 0

e For paediatric patients (between 5 and 17 years of age, inclusi at the time of consent), a
competent parent or legal guardian must be able to provi tyritten informed consent. When
possible, involvement of the child >7 years of age in t sion is highly recommended, and
written assent will be obtained and should be clearly nted.

e Patients aged 5 to 14 years require the app\@rom the Comité de Surveillance prior to
enrollment.

2. Have severe SCD or TDT, regardless of the e (e.g., BYB°, B*/B*, BE/BC, BS/BS, BS/BY, BS/BH),
with the diagnosis confirmed by Hb studigs. Patients with TDT must be stable and maintained on an
appropriate iron chelation regimen. T@ sion dependence is defined as requiring at least 100
mL/kg/year of packed RBCs.

3. Be eligible for allogeneic ha oietic stem cell transplantation (allogeneic HSCT) based on
institutional medical guideliﬁ, ut without a matched, related donor.

4. Be willing and able, ig th vestigator’s opinion, to comply with the study procedures outlined in
the study protocol. \naediatric patient, the patient’s parent/legal guardian also must be willing
and able to ¢ the study procedures outlined in the study protocol.

5. Have been tfea and followed for at least the past 2 years in a specialised centre that maintained
detailed Xcal records, including transfusion history.

bility of a willing, 10/10-matched HLA-identical sibling haematopoietic cell donor, unless
recommendation for enrolment is provided by the Comité de Surveillance following a review of the
case.

2. Positive for presence of human immunodeficiency virus type 1 or 2 (HIV-1 or HIV-2), human T-
lymphotrophic virus-1 or -2 (HTLV-1 or HTLV-2), vesicular stomatitis virus glycoprotein (VSV-G)
antibody (Ab).

3. Clinically significant, active bacterial, viral, fungal, or parasitic infection.

4. Contraindication to anaesthesia for bone marrow harvesting.
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10.

11.

12.

13.

14.

15.
16.
17.

18.

19.

Any prior or current malignancy, myeloproliferative or immunodeficiency disorder.
A white blood cell (WBC) count <3 x 10°/L and/or platelet count <120 x 109/L.
Receipt of an allogeneic transplant.

Receipt of erythropoietin within 3 months before hematopoietic stem cell transplantation (HSCT)
harvest.

Immediate family member with a known or suspected Familial Cancer Syndrome (including but not
limited to breast, colorectal, ovarian, prostate, and pancreatic cancers).

Diagnosis of significant psychiatric disorder of the patient that could seriously impede the @ity to
participate in the study. @

Active relapsing malaria. ‘\6

Pregnancy or breastfeeding in a postpartum female or absence of adequate cor@gption for fertile
patients. Females of childbearing potential must agree to use a medically e method of birth
control such as oral contraceptive, intrauterine device, barrier and sp ictde, or contraceptive
implant/injection throughout the 27-month study period. @

History of major organ damage including:

e Liver disease, with transaminase levels >3 x upper limit @mal. (This observation will not be
exclusionary if a liver biopsy shows no evidence of ex bridging fibrosis, cirrhosis, or acute
hepatitis).

e Histopathological evidence of extensive brid ir}ﬁ rosis, cirrhosis, or acute hepatitis on liver
biopsy. é

e Heart disease, with a left ventricular g'qc'tgfraction <25%.
¢ Kidney disease with a calculated ihine clearance <30% normal value.
e Severe iron overload, which i@ opinion of the physician is grounds for exclusion.

e A cardiac T2* <10 ms b)@netic resonance imaging (MRI).

Evidence of clinically ficant pulmonary hypertension requiring medical intervention.

Any other condition would render the patient ineligible for HSCT, as determined by the attending
transplant phy: R@%

Participa 'NQ\G)nother clinical study with an investigational drug within 30 days of Screening.
Patie@ have the desire to become a parent within the 27-month study period.
i ceipt of gene therapy.

An assessment by the Investigator that the patient or parents of the patient will not comply with
the study procedures outlined in the study protocol.

Hydroxyurea therapy within 3 months before haematopoietic stem cell collection.

Baseline data

Seven patients satisfied the eligibility criteria for this study: 4 adolescents with TDT and 3
adolescents/young adults with SCD were enrolled and treated.

All 4 patients with TDT enrolled in this study were of a non-B%B° genotypes. Three patients were
compound heterozygous for the B° and BF alleles (BE/B° genotype). The remaining patient had a B*/B*
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genotype (homozygous for the IVS I-110 G>A mutation, a p* mutation that consistently results in
dramatically reduced B-globin production and is responsible for severe disease; Human Genome
Variation Society [HGVS] nomenclature HBB:c.93-21G>A). Patients received a single intravenous dose
of Zynteglo ranging from 8.79 x 106 to 13.6 x 10% CD34+ cells/kg. Drug product vector copy number

(DP VCN) ranged from 0.8 to 2.1 ¢/dg.

Outcomes and estimation

Table 11: Summary of Key Efficacy Results

X\
%,
O

Subject who
did not achieve
Subjects who Achieved TI TI

Parameter 1201 1202 1206 1203

Achieved TI Y Y Y N

Reduction from baseline | 100% 100% 100% 100%

in pRBC transfusions

between M6 to M24

Weighted average Hb 10.6 (during TT) | 13.1 (during TI) | 11.3 (during TI) | 8.5 (during 6

(g/dL) months after
DPI through
end of study)

DecreaseinLiverIron (Y Y T N

Content (LIC)

(Baseline vs M24)

Myocardial T2*>20ms | Y Y Y Y

throughout study

Decrease in fermtin Y Y N Y

(Baseline vs M24)

Stopped iron N Y T N

chelation/started

phlebotony

Normal or near pormal | Y Y Y (N

semm transferrin

receptor at M24

Normal reticulocytes/ Y Y N N

erythrocytes (%) at M24

Normal % nucleated N Y N N

RBCs (erythroblasts) at

M24

Abbrev.: DPL drug product infusion; LIC, liver iron content; M, month; pRBC. packed red blood cell; TL

transfusion independence

Data as of 11 October 2017 \ V

Table 12: Change

'@BC Transfusion Requirements (TP)

(o

O

o

&

&

7~
6 Months (183 days post-infusion) through Month 24 Visit
Annualized Number of
Baseline! Annualized pRBC Volume Transfusions
Change
Weighted from Percent Percent
Annualized | Annualized | Average | Trigger | Volume | BL Change Change | Change | Weighted
Volume Number of Nadir? Hb* (mL/kg/ | (mLkg | from from from Average
Subject | (mL/kg/vear) | Transfusions | (g/dL) (g/dL) year) year) BL Number | BL EL (g/dL)
1388 10.5 82 8.2 0.0 -1388 -100.0 0.0 -10.5 -100.0 10.6
187.7 12.0 10.6 9.5 0.0 -187.7 -100.0 0.0 -12.0 -100.0 132
176.0 13.0 8.1 8.7 0.0 -176.0 -100.0 0.0 -13.0 -100.0 85
1973 13.0 10.8 9.5 0.0 -197.3 -100.0 0.0 -13.0 -100.0 114

Source: Table 1424

Abbrev.: BL, baseline; Hb, hemoglobin; pRBC, packed red blood cell

1 2-year period prior to enrollment

! Waighted average Hb nadir is defined as an average area under the curve where the Hb closest but within 3 days prior to a transfusion is used as the Hb nadir.
Hb walues on the day of the transfusion will be considered for nadir caleulations.

3 Hb value that triggered a pRBC transfusion pre-enrollment, as reported by treating physician

Data as of 11 October 2017
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Three of the 4 patients with TDT in this study achieved TI. Of the 4 TDT patients, 3 patients received
their last pRBC transfusion within 13 days after Zynteglo infusion and all 3 patients remained transfusion-
free through Month 24. These 3 patients maintained a total Hb >9.0 g/dL from Month 1 through end of
the study at Month 24.

One patient who was homozygous for IVS-I-110 mutation was not able to maintain a total Hb >9.0 g/dL
in the absence of pRBC transfusions and received last pRBC transfusion on Day 94 when total Hb dropped
to 7.4 g/dL. The weighted average Hb between 6 months after drug product infusion and last study visit
was 8.5 g/dL, which was above his average pre-enrolment pre-transfusion nadir of 8.1 g/dL. His HbAT87Q
levels increased slowly and stabilized by Month 9 at 6.40 g/dL with a total Hb of 8.2 g/dL,N\and he
remained transfusion free through Month 24. 6

HbAT87Q concentration at Month 24 for the 3 patients who achieved TI ranged fre g/dL to
10.13 g/dL. These 3 patients all had the genotype BE/ 3° and therefore also were prﬂ g >2.0 g/dL

of HbE. O

TI status was maintained stably through the end of the study, up to a a@l of approximately
22 months, with a weighted average Hb during the period of TI for 3 patie ranging from 10.6 to
13.1 g/dL

The 3 patients who achieved TI had a decrease in liver iron conten ) during the study, and 2 of the
3 patients discontinued iron chelation therapy and started phle . The patient who did not achieve
TI did not show an improvement in LIC and remained on iro n therapy.

All patients had normal cardiac iron content (MRI re\h@nyocardial T2* >20 ms) at baseline and
throughout the study.

The 3 patients who achieved TI had near norma of serum transferrin receptor, and 2 of these 3
patients had normal levels of reticulocytes, \Aﬁie the patient who did not achieve TI had higher than
normal levels of both reticulocytes and serl.@ nsferrin receptor. One patient who achieved TI had no

nucleated RBCs (erythroblasts) in p e blood, whereas erythroblasts were still detected in the
peripheral blood of the other 3 patien%

<

e
’\C)\

Q)G

Q
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Phase 1/2 study HGB 204

This was a single-arm, multi-site, single dose, Phase 1/2 study in which patients with TDT were treated
with Zynteglo finished product. TDT was defined as patients who received at least 100 mL/kg/year of
pRBCs or >8 transfusions of pRBCs per year in each of the 2 years prior to enrolment. Treatment was

staggered with a second patient beginning myeloablative conditioning only after the first patient 1)
engrafted (defined as 3 consecutive absolute neutrophil count [ANC] laboratory values >0.5 X 109/L

obtained on different days); and 2) had no Zynteglo finished product treatment-related serious adverse
event (SAE) unexpected to occur with HSCT.

product; 10 patients had a non-39/ 59 genotype and 8 patients had a B9 5° genotype base
manufacturing process used in Study HGB-204 was similar to that used in Study HG é ut was

optimized for multi-site clinical use. K\

Eighteen patients (15 adults and 3 adolescents) were treated with a single dose of Zyntegloﬁlshed

Inclusion Criteria:

1. Patients between 12 and 35 years of age, inclusive, at the time of conse sent (as applicable),
and able to provide written consent (adults, or legal guardia appllcable) or assent
(adolescents). @

2. Diagnosis of B -thalassemia major and a history of at Iea@() mL/kg/year of pRBCs or >8

transfusions of pRBCs per year for the prior 2 years. Q
3. i i @b

Documented baseline, or pretransfusion, Hb level of <7
4. Clinically stable, have a Karnofsky performance sta >60, and eligible to undergo HSCT.

5. Treated and followed for at least the past in a specialized centre that maintained detailed
medical records, including transfusion hli@

Exclusion Criteria:

1. Positive for presence of human j Qadeﬂqency virus type 1 or 2 (HIV-1 or HIV-2), hepatitis B

virus (HBV), or hepatitis C vir, V). (Note that patients who are positive for anti-HBV antibody
[to either core or envelope'protéins] or for anti-HCV antibody are eligible as long as they have a
negative HBV or HCV vi ad by gPCR. Where clinically and/or regionally indicated, one or more

of the following tes ay performed, in which case positive results would exclude the patient
from participatin an T-lymphotrophic virus-1 (HTLV-1) or HTLV-2, syphilis (rapid plasma
reagin [RPR])fﬂ@Iasmosis, Trypanosoma cruzi, or West Nile Virus).

7 viral, fungal, or parasitic infection.

4. Untorrected bleeding disorder.
5. Any prior or current malignancy or myeloproliferative or immunodeficiency disorder.

6. Immediate family member with a known or suspected Familial Cancer Syndrome (including but not
limited to hereditary breast and ovarian cancer syndrome, hereditary non-polyposis colorectal
cancer syndrome and familial adenomatous polyposis).

7. Prior HSCT.

8. Advanced liver disease, defined as:
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a. Baseline alanine aminotransferase (ALT) or direct bilirubin value >3 X the upper limit of normal
(ULN), or

b. Liver biopsy demonstrating cirrhosis, any evidence of bridging fibrosis, or active hepatitis.

9. Baseline estimated glomerular filtration rate (GFR) <70 mL/min/1.73 m?, as determined using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation for > 18 years of
age, and Bedside Schwartz  equation calculator <18 years of age (see
http://www.kidney.org/professionals/kdoqi/gfr_calculator.cfm).

10. Uncontrolled seizure disorder.

11. Diffusion capacity of carbon monoxide (DLco) <50% of predicted (corrected for Hb and/oolar
volume, as clinically indicated).

D
12. A cardiac T2* <10 ms by MRI \
13. Any other evidence of severe iron overload that, in the investigator’ s op;nj&@mnts exclusion.

14. Clinically significant pulmonary hypertension, as defined by the ement for ongoing
pharmacologic treatment or the consistent or intermittent use of sup, tal home oxygen.

15. Participation in another clinical study with an investigational drquith n 30 days of Screening.
16. Failure to obtain appropriate informed consent.

17. Any other condition that would render the patient ineligit@%ﬁt as determined by the attending

transplant physician or investigator. \O

18. Contraindications to the conditioning regimen. O

19. Prior receipt of gene therapy. Q

20. Diagnosis of significant psychiatric dis@'ﬂf the patient that could seriously impede the ability to
participate in the study.

21. Pregnancy or breastfeeding in artum female or absence of adequate contraception for fertile
patients. Females of child g potential are required to use effective contraception from
Screening through at le months after Zynteglo finished product infusion. Male patients are

required to use effeCtive Gentraception (including condoms) from Screening through at least 6
months after Zynte@ﬁnished product infusion.

>
22. An assessme the investigator that the patient would not comply with the study procedures
outlined il rotocol.

Patient Wi wal

Pati@d the right to withdraw from the study at any time for any reason. After giving informed
consen®or assent (if applicable), patients could withdraw or be withdrawn from study-related procedures
and treatments (e.g., mobilization/apheresis, busulfan conditioning) under the following conditions:

e withdrawal of consent or assent (if applicable),

e the patient was unable to comply with protocol-defined visits or other requirements of the
protocol,

e any medical condition which, in the opinion of the investigators, put the patient at risk for
continuing treatment or follow-up studies, or

e adequate cells were not collected during harvests, or failure of transduced cells to be
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dispositioned for clinical use.

In addition, after patients were treated with Zynteglo finished product, they could have been withdrawn
from the study under the following additional condition: the patient had undetectable VCN (<0.0003
¢/dg) in peripheral blood cells for 2 consecutive measurements at least 1 month apart and at least 12
months after Zynteglo finished product infusion.

Blood Transfusions

Within the period of 30 days prior to and during mobilization and apheresis, the patient’s transfusion
regimen was adjusted to maintain a minimum of 10 g/dL of Hb to suppress dyserythropoiesis, which can
impede the isolation of CD34+ cells-enriched for undifferentiated HSC.

During follow-up, the goal was to maintain a target Hb >9 g/dL. In general, transfusions@e to be
avoided for Hb >9 g/dL, unless the need was medically justified (e.g., as a pre-requirent r surgery).
It was recommended that patients should receive pRBC transfusions for any Hb /dL, and for
clinically symptomatic anaemia, irrespective of Hb level.

Efficacy Variables ®
The following assessments were performed to determine the efficacy of Qlo finished product:

e pRBC transfusion requirements (mL/kg/year and number o@sfusions/year)

¢ Hb nadirs, total Hb (and Hb fractions)
In addition, exploratory analyses of the following paramet Qe performed, as available data allowed:

e Assessment of stress erythropoiesis/dyseryth%oiesis (reticulocytes and nucleated RBCs in
blood, soluble transferrin receptor in blo d qualitative assessment of bone marrow, as
available) é

e Iron burden (LIC by MRI or SQUID; (é}?c T2* on MRI; clinical chemistry laboratory iron studies)
e Iron chelator use and phlebotgig

Qol) questionnaires (these questionnaires were introduced late
t patients lacked baseline responses)

e Health Related Quality of Lij
in the study, such tha

e Days and numberw

Table 13: Dispositi& enotype (ITT)

tient hospitalisations (annualised, post-discharge)

‘A
Noo-p*/p" (il Crverall

Parameter Statistic (N=11) (N=85) (N=1%)
Subjects Mobilized n (%) 11 (100.0) | 8(100.0) 19 (100.0)
Subjects Infused with Drug Product o (%) 10 (90.9) 8(100.09 18 (94.7)
Subjects with Successful Engraftment * | n (%) 10 (90.9) 810000 18 (94.7)
f’ﬁlﬂf;?&ﬁiﬁgﬂeﬁf} 1 (%) 10 (90.9) | 8(100.0) 18 (94.7)
Subjects who Discontinued from Study | n (%) 1(9.1) 0 1(5.3)
Reasons for Study Discontinuation:

Adverse Event n (%) 0 0 0

Investigator Decision n (%) 1(9.1)® 0 1(5.3)"

Source: Table 14.1.1.2; Listmg 16.2.1.1

* Defined as ANC =0.5 = 10%L for 3 consecutive days post-LentiGlobin BB3035 Drug Product mfusion or
AMNC =0.5 = 10%L for 3 consecutive measurements done on separate days.

* Discontimued from the study due to inadequate stem cell mobilization (Listing 16.2.1.1)

Data as of 07 March 2018
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Table 14: Summary of key demographic and medical history parameters, including
transfusion history for the 2 years prior to study enrolment (TP, by Genotype)

Non-pYp* pYp° Overall
Parameter Statistic (N=10) (N=8) (N=18)

Spleen -PI'ESHII — .
Yes 0 (%) 7(70.0) 5(62.3) 12 (66.7) \6

No 1 (%) 3300 3(313) 6(33.3) K
Medical History in I Years O
Prior to Study Enrollment

pRBC (mL/kg/year) Median 15128 182.59 169.03 Q

(min, max) (140.0, (1244, (1244.273.2) 0\
234.5) 2732)

pRBC (number Median 1375 13.75 1375 @

transfusions/year) (min, max) (10.0,16.3) (125,17.3) (10.0,17.5) K

Weighted mean Hb nadir Median 01 94 931 @

(g/dL) (min, max) (7.0,9.3) (8.7.10.1) (7.0, 10.1) Q

Hb trigger (g/dL) Median 7.0 00 8.0 S

(min, max) (7.0.9.0) (7.0,9.00 (7.0,9.0)
N=5® N=3® N=g*®

Hospitalization, 2 years prior a (%) 0 0 0

to enrollment (days/year)

Hospitalization, 2 years prier n (%) o 0 ]

to enrollment (visits/year)

_\'on-ﬁ".-'ﬁ" ﬂ"."ﬂ" Overall
Parameter Statistic N=10) (N=8) N=18)

p-Thalassemia Major Median 69.5 45 7.5
Diagnosis {months) (min, max) (0,315) 0,92) (0,315)

1% pRBC transfusion (months) Median 30.0 6.0 10.0

(min, max) (0, 132) (2.12) (0, 132)

Estab._ regular pRBC Median 720 7.0 420

transfusion regimen (months) (min, max) (8, 312) (2.8 (2,313)

Start iron chelation (years) Median 7.5 35 6.5

(min, max) (2.26) (2.18) (2, 26)

Source: Tables 14.1.2.2,14.132, 14142 Listing 16.2.6.14
* Ape of consent applicable for adults; age of assent applicable for subjects <18 years old
*When data for all subjects 15 not available, M is given

Data as of 0@;"2018.

Out and estimation

Eighteen patients with TDT were treated with Zynteglo finished product and all completed the study. All
patients had successful neutrophil and platelet engraftment (PE).

Primary Efficacy Endpoint (Per Protocol): Proportion of Patients with Sustained Production of
>2.0 g/dL of HbAT87Q Between Month 18 and Month 24.

16/18 patients (88.9%; lower 1-sided 95% confidence interval of 69.0%) treated with Zynteglo finished
product were producing >2.0 g/dL of HbAT87Q at their Month 18 Visit, and all of these patients maintained
this production through Month 24. The 2 patients producing less than 2.0 g/dL HbAT®"Q at their Month 18
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and 24 Visit were both treated with Zynteglo finished product with low DP VCN (0.3 c¢/dg and 0.45 c/dg,
respectively), and their subsequent low PB VCN resulted in the low HbAT8’Q production.

Table 15: Proportion of patients with sustained production of =2.0 g/dL of HbAT87Q petween
Month 18 and Month 24 (TP)

Source: Table 1423

* Denominator 15 based on N=18 subjects reachimg Month 18 visit or discontimmed

*The Clopper-Pearson Exact method was used to calculate the lower 1-suded 953% CI for the proportion of
subjects meeting this eritenion

¢ Denominator 1s based on N=18 subjects

non-fUR° | fUB° Overall
Parameter Statistic (N=10) (5=5) (N=18)
Subjects with 220 g/'dL. | n (%) 9(00.0%) | 7(87.5%) 16 (88.9%)
of HbAT R at Month 18 | [ower 15ided | 606 520 60.0
95% CI®
Subjects with 220 g/dL | n (%) 9(00.0%) | 7(87.5%) 16 (88.9%) 6
of HbA™ ™ at Month 24° | [ ywer 1-sided | 60.6 520 69.0 @
95% CI® . 6
Subjects with sustained n (%) Q00.0%) T(BT.5%) 16 (88.9%) \
production of 220 2/dL | [ ower 1-sided | 60.6 529 69.0 K
of HbAT™ for the 05% CT® O
6 months between Month Q
18 and Month 24 © \,

Data as of 07 March 2018 Q\b

Proportion of Patients Who Achieved Transfusion Qendence

Of the 8 patients of non- 59/ 3° genotype who achi I after infusion with Zynteglo finished product,
all 8 remained TI at Month 24. Their last pRBC tra sion before becoming TI was at median (min, max)
of 2.00 (0.3, 5.8) months after Zynteglo fi gghﬂ product infusion, and their TI status was maintained
with a median (min, max) weighted av Hb of 9.99 (9.3, 12.8) g/dL. The individual weighted
average Hb for patients after they achj I were above their weighted nadirs before study entry when
they were receiving pRBC transfu “with one exception: 1 patient who had an average weighted
nadir of 9.7 g/dL before treatme 9.3 g/dL during TI. TI patients of non-B%/B° genotype at Month 24
produced between 3.80 to 9. /dL of HbAT87Q, with the remainder of their total Hb made of up other
endogenous Hb fractions, psimafily by HbE (2.64 to 4.78 g/dL) in patients with a SF allele or HbA (1.80
a p* allele. Patients of non- 3%/ 50 genotype who did not achieve TI were
west HbAT87Q among non-B%/BP patients, 2.92 g/dL and 1.10 g/dL, respectively
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Table 16: Transfusion Independence, by Genotype (TP)

Non-fio/f" (il i Owverall

Parameter Statistic N=10) (N=8) (N=18)
Tl at any time * n (%) B (80.0) 1(12.5) 9 (50.0)

Lower 1-sided 493 0.6 11

05% (T
Subjects with TI at 24 Months (%) B (80.0) 0 B(444)
Subjects with TI, sensitrvity (%) B (80.0) 0 8 (444)
failure analysis ®
Dhuration of TI (menths) (TTar N B 1 ]
any time subjects only) Mean (5D 187802587y 1613 (=) 1849 (2.576)

Median 1891 16.13 1728

Min, Max 152,214 16.1,16.1 152,214 6
Time from Drug Product N B 1 ] @
infusion to Last pRBC Mean (SD)  233(2.098) 181(-) 2.27 (1.970) ¢ 6
Transfusion before becomung TI -y g gy 2.00 181 181 K\
(wonths) (11 at any sme Min Max 03,58 18 18 03.58 O
subjects only)
Weighted average Hb during TI N 2 1 9 }Q
(z/dL) (TTat any time subjects  Mean (SD)  1044(1277) 1011(=) 10.41 (1.200) N
only) Median 999 10.11 10.11 »

Min, Max 93,128 10.1.10.1 03,128

Source: Table 142.5.1

* Transfusion independence (TT) 15 defined as & weighted average Hb =9 g/dL without any pPBC transfusions
for a confinueus period of =12 months at any time during the stdy after LentiGlobin BB303 Diug Product
infision. Time peniod of TI wall start when subjects achieve an Hb =0 g/dL with no transfusions m the

preceding 60 days.

® Subjects who achieved TI and then discontinued early or received any pRBC transfusions are considered

fanlures
Data as of 07 March 2018 v
The median (min, max) time between Zynteglo finiShed product infusion and last pRBC transfusion for
all patients was 12.58 (0.3, 24.4) months, a median (min, max) duration of not receiving pRBC
transfusions at their last visit of 11.52 ( .0) months. The wide range in these values reflect the
fact that some patients no longer requi BC transfusions after only a few weeks after drug product
infusion, whereas other patients re bregular transfusions throughout the study.

N
O

QS
N\
O

Assessment report
EMA/56140/2020 Page 64/143



Figure 7: Duration of Transfusion Periods, by Genotype (TP)

A: Non-pYf"genotype

I T T T T —
0 3 i 9 12 15 13 21

Months Past Drug Predust Infusion

v /O/,

| ™ Period before last pRBC transfusion ® Period after last pRBC transfusion
B: fYp"zenotype

Months Post Drug Product Infusion

| B Period before lnst pRBC wansfusion ® Period after st pREC ransfitson

Source: Fieure 14252

Note , the red bar is the period before the last pRBC transfusion prior to
achieving transfision independence; the vertical line within the blue bar mdicates a single pRBC transfusion
for an acute event (Cat Scratch Disease) that eccwred after achieving transfusion independence

Data as of 07 Maw

Transf s@ duction

Tran n requirements for all patients (B°/B° and non-B%/B°) for the following time periods were also
compared, using the 2-year period prior to study enrolment versus the period starting from 6 months
after infusion with Zynteglo through to Month 24.

- 14/18 (77.8%, lower 1-sided 95% confidence interval of 56.1%) patients had at least a 60% reduction
in transfusion requirements during the period from 6 months through approximately 24 months after
Zynteglo finished product infusion, compared with their Baseline pre-treatment transfusion levels, while
maintaining Hb nadirs within 1 g/dL of their pretreatment nadirs.

- In general, patients producing higher amounts of HbA™7Q2 were more likely to achieve greater reductions
in pRBC transfusion requirements (patients of B%/B° genotype) and/or a greater likelihood of achieving
TI (patients of non-B%/B° genotype).
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Interrupted Time Series Analyses

pRBC transfusion requirement over time was also analysed by interrupted time series (ITS, Kontopantelis
et al., 2015) for B89/ 89 patients. The monthly pRBC transfusion volume during each of the 48 months
(24 months prior to drug product infusion and 24 months post-drug product infusion) was calculated for
each patient, and then the mean pRBC transfusion volume over all g% 59 patients was calculated for
each of these 48 months. Due to the expected high volume of transfusion around drug product infusion,
the month immediately prior to and after the drug product infusion were excluded from this analysis.
The results show that monthly pRBC transfusion volume is significantly lower for 39 39 patients after
drug product infusion (p<0.0001). The lines before and after drug product infusion represent regression

lines fitted by the ITS model. The drop represents the reduction in transfusion 1 month after dru@duct
infusion as fitted by the model. @

Figure 8: Interrupted Time Series Regression Model: Monthly pRBC Transfusi @lme Pre-
and Post-Drug Product Infusion (B°/B° Patients) {.\
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Source: Figure 14.2.7

Note: Month -2 includes pREC transfusions occwring prior to Day -30.4375 and Month 2 includes pRBC
transfusions ocourring after Day 30.4375. Due to the expected high volume of transfusion around drug
produet infusion, the menth immediately prier to and after the drug product infusion are excluded from this

anakysis.
Frotocol HGB-ZU4 -
Table 14.2.7
Interrupted Time Series Regression Model: Monthly pRBC Transfusion Volume Pre and Post DP Infusion by Genotype b0/b0
85% CI
Regression
Genotype Parameter Cosfficient Standard Error Lower Upper p-valus
b0/k0 Slope before DP infusion -0.04 0.0711 -0.18 Q

Level Change -9.85 1.4675 -12.81 -
Slope Change 0.02 0.1006 -0.18

Data@(a rch 2018

[

oo o
Lo
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Iron burden

Iron overload during the study was evaluated by assessing LIC and cardiac T2* by MRI or SQUID, and
serum ferritin, serum iron, transferrin, and transferrin saturation in peripheral blood. Patients who
produced sufficient HbA™7Q to become TI may be expected eventually to have a reduced iron burden
compared to patients who continue to require regular pRBC transfusions, after undergoing iron
chelation/removal regimens to remove excess iron previously accumulated during their disease.
Therefore, comparisons within these exploratory analyses focus on TI versus non-TI patients, to
determine if any differences were detectable during this study.

A transient increase in iron burden (as deduced from LIC and serum ferritin levels) was observed in
several patients, presumably due to pretreatment hypertransfusion and/or delay in restartin étion
regimens after Zynteglo finished product infusion, and to the effect of myeloablation and tran@ntation.

*
Figure 9: Liver Iron Burden (MRI/SQUID Iron Assessment) Over Time, by Patt& P)
—_5

A: Non-fi%p° genotype B: pYp° genotype
non-blib] Subjedts B0 Subjects
30 R
- |
4 Y]
E = =]
- u -]
E E
= 48 - 18 L
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& i . -
o2 § 12 A
. 1 . £ 2 - |, .
i . B . ~
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L
- - .. Iy
- - -*
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o as e 2
] 3 ] Ll 13 15 11 a1 24 [n} 3 B 1] 12 5 1% 1 Ha
Mionths. Post Dvieg Product indusion Metonihes. Post Dinug Froduct Infusion

Source: Figure 14.2.9.1

Note: X-axis “zere”™ = Baselme value defined as last valie before imtiation of condiioning

Note: Subjects achieving T1 at any time are represented with solid lines and sabjects not achieving TT at any
time &re represented with dashed lines.

Mote: LIC results from Liver MET and SQUID modaliies are combined for analysis.

Note: For subjects with cardiac T2* =20 ms who no longer require pEBC transfusions, protocol
recommended chelation for LIC=15 mg/g and for LIC=8 to 15 mg/g dependent on serum femitn and
hepatitis serology; chelation not recommended for LIC <8 mg/g.

Data as Wrch 2018
16/ tients had myocardial T2* >20 ms at Baseline and throughout the study; 2 patients had
abnormal cardiac iron content throughout the study.

Measurement of myocardial iron is key to the clinical management of patients at risk of siderotic
cardiomyopathy. The cardiovascular magnetic resonance relaxation parameter R2* (assessed clinically
via its reciprocal T2*) measured in the ventricular septum is used to assess cardiac iron. Particulate
intracellular iron causes shortening of the magnetic resonance relaxation parameter T2* (and hence
increase in its reciprocal, R2*) due to microscopic magnetic field inhomogeneity.

Cardiac iron content was evaluated by MRI at Baseline (last value prior to conditioning), Month 12 and
Month 24. No trend in cardiac iron content was observed: median % change from Baseline to Month 24

Assessment report
EMA/56140/2020 Page 67/143



value was -5.26% for patients who achieved TI at any time during the study (N=9) versus 0% change
for patients who did not achieve TI.

Serum Ferritin: The majority of patients who achieved TI and who were evaluable (having values at both
Baseline and Month 24) showed improvements in ferritin (7/8 patients), serum transferrin (7/9 patients),
serum iron (7/9 patients), and transferrin saturation (5/7 patients). The decrease in ferritin levels is
generally greater for patients who achieved TI status versus patients who did not achieve TI status by
Month 24: median change from Baseline at Month 24 was -26.1% for TI patients, versus -5.1% for non-
TI patients, although results were variable between patients.

Table 17: Serum Ferritin at Month 24, by TI Status (TP)

Bazeline Month 24 é
Value Value Change from % Change from
Statistic (pmolL) {pmolL) Baseline Baseline @
Crverall N 17 18 7 1 ¢ 6
Mean 4100.3 4310.0 168.4 100 K\
(5D) (2227.91) (393419 (3554.25) (98.53) O
Median 3146.8 24854 4719 235
M, max 748, 8629 613, 13662 4742, 10515 -82.334 \Q
TISubjects | N 8 9 8 B 0
Mean 41113 35849 -839.6 -20.6
(SD) (2398.50) (2159.21) (1751.56) (2421) @
Median 35043 2073.0 -613.5 -26.1
Min, max 1643, 8629 1171, 7499 4742, 1481 -33,25
Non-TI N 9 9 9 9
Subjects Mean 30928 5075.1 10822 372
(SD) (2205.86) (5195.28) (4537.04) (130.81)
Median 3146.8 20494 -134.8 -3.1
M. max 748, 7267 613, 13662 -4483, 10515 -82.334

Source: Table 14.2.9.3
MNote: Baseline 1s the last value before mitiation of conditioning

*No Baseline ferntin for value reported
Data as of 07 March 2018 O\
Serum transferrin: serum transferrin es for individual patients who achieved TI, at Baseline and at
Month 24 shows that transferrin & improved in 7/9 patients who achieved TI, generally in alignment
with the patients who showed itin decrease at Month 24.

Stress Erythropoiesislz\er hropoiesis

Although all patien;s? d achieved TI had some normal values in some exploratory assays for stress
erythropoiesis,‘n@q t had normal values in all exploratory analyses done. Specifically:

ts who achieved TI and had data available had stable normal levels of soluble
in receptor, 1 patient (Patient 1120) had levels that fluctuated between normal and
y above-normal levels, and 3/7 patients had stable above-normal levels of soluble
nsferrin receptor, in the absence of pRBC transfusions.

e 5/9 patients who achieved TI at any time during the study had reticulocyte levels within 1% of
the upper normal level of 2.36%, and 4 patients had reticulocyte levels >4%, in the absence of

pRBC transfusions.
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2.5.2. Main studies

The studies underlying the pooled analysis are presented in Section 2.4.1 and includes Phase 1/2
(HGB-204 and HGB-205) and Phase 3 (HGB-207 and HGB-212) studies, as well as in long-term follow-
up Study LTF-303.

e Study HGB-205, "A Phase 1/2 Open Label Study Evaluating the Safety and Efficacy of Gene
Therapy of the B-Hemoglobinopathies (Sickle Cell Anemia and B-Thalassemia Major) by
Transplantation of Autologous CD34+ Stem Cells Transduced Ex Vivo with a Lentiviral BA-T87Q-
Globin Vector (LentiGlobin BB305 Drug Product)"

e Study HGB-204, a single-arm, multi-site, single dose, "Phase 1/2, Open Label Study E ating

the Safety and Efficacy of Gene Therapy in Patients with B-Thalassemia Major by Tra ation
of Autologous CD34+ Stem Cells Transduced Ex Vivo with a Lentiviral BA'T8,7Q® Vector
(LentiGlobin BB305 Drug Product)" K\

e Study HGB-207, "A Phase 3 Single Arm Study Evaluating the Efficacy an of Gene Therapy

in Patients with Transfusion-dependent B-Thalassaemia, who do not \' the B%/B° Genotype,
by Transplantation of Autologous CD34+ Stem Cells Transduced Ex @wwh a Lentiviral pA-T87Q-
Globin Vector in Patients <50 Years of Age" @

Methods @

Methods for Studies HGB-204 and HGB-205 are described al@ection 2.5.1.

Study HGB-207 is a single-arm, multisite, single-dose, 9\@ study with 2 cohorts of patients with TDT
who do not have a B° mutation at both alleles of the@lo in (HBB) gene (i.e., non-B%/B°):

Cohort 1 includes at least 15 patients 212 and s@‘ears of age

Cohort 2 includes at least 8 patients <12 y age. (Note: as of 22 February 2018, no patients <12
years of age were in the Intent-to-Treat opulation).
Study Participants O

In general, the inclusion ansion criteria were comparable among studies HGB-204, HGB-205,
HGB-207 and HGB-212. HGB-20% inclusion and exclusion criteria are depicted below, some discrepancies
in the inclusion and exc criteria between studies are highlighted.

L 3
Inclusion Criteria =

*
Patients mus &f all of the following criteria to be considered eligible for enrolment in the study.

con ults, or legal guardians, as applicable) or assent (adolescents or children). Provided that the
DMC has approved enrolling patients younger than 5 years of age, patients younger than 5 years of age
may be enrolled if they weigh a minimum of 6 kg and are reasonably anticipated to be able to provide
at least the minimum number of cells required to initiate the manufacturing process. Study HGB-205
included only patients with age between 5-35 and study HGB-204 included patients 12-35 years of age.

1. Patigt@O years of age at the time of consent or assent (as applicable), and able to provide written

2. Diagnosis of TDT with a history of at least 100 mL/kg/year of pRBCs in the 2 years preceding enrolment
(all patients), or be managed under standard thalassaemia guidelines (e.g., (Cappellini et al. 2014)) with
>8 transfusions of pRBCs per year in the 2 years preceding enrolment (patients 212 years (Rachmilewitz
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and Giardina 2011)). In study HGB-204, inclusion was for patients with TDT and in study HGB-205 for
patients with TDT or severe SCD.

3. Clinically stable, have a Karnofsky performance status of =80 for adults (=16 years of age) or a
Lansky performance status of =80 for adolescents or children (<16 years of age), and eligible to undergo
HSCT. Study HGB-204 included patients with Karnofsky performance status = 60, and HGB-205 included
patients eligible for allogeneic HSCT.

4. Treated and followed for at least the past 2 years in a specialized centre that maintained detailed
medical records on RBC transfusions (including volume and units of RBCs and associated pre-transfusion
Hb values, reticulocyte counts and relevant blood bank details as available), in-patient hospitaljzation,
and iron chelation history. @6

Exclusion Criteria . 6

Patients meeting any of the following criteria are being excluded from the study.

1. Presence of a mutation characterized as B° on both HBB alleles. For the of this study, the
HBB mutation IVS 1I-110 (G—A) [HGVS nomenclature: HBB:c.93-21G>A] wil nsidered equivalent
to a B° mutation?

2. Positive for presence of human immunodeficiency virus type 1 ( -1)"or 2 (HIV-2), HBV, or HCV.
Syphilis (RPR) testing is also required and a positive test for syphili clusionary where mandated by
regional drug product manufacturing practices. Note that pati who have been vaccinated against
hepatitis B [hepatitis B surface antibody-positive] who are for other markers of prior hepatitis

B infection [e.g., negative for hepatitis B core antibody aei ible. Patients with past exposure to HBV
[HBc Ab positive and/or HBe Ab positive] are also eli hs or the study provided they are negative by
assessment for HBV DNA. Also note that patient @ are positive for anti-hepatitis C antibody are
eligible as long as they have a negative HCV viralYga®. Where clinically and/or regionally indicated, other

tests may be performed, in which case positj sults would exclude the patient from participating: for
example, human T-lymphotropic virus LV-1) or -2 (HTLV-2), tuberculosis, toxoplasmosis,
Trypanosoma cruzi, West Nile Virus, o irus.

3. Clinically significant and acti(@ erial, viral, fungal, or parasitic infection as determined by the

clinical investigator.
4. A white blood cell (WBQ cant <3x1079/L, and/or platelet count <100x1079/L not related to
hypersplenism.

6. Any prior rent malignancy (with the exception of adequately treated cone-biopsied in situ
carcinoma@n cervix uteri and basal or squamous cell carcinoma of the skin) or myeloproliferative or
signific unodeficiency disorder.

L 3
5. Uncorrected @;@ﬂsorder.
L

7.Im iate family member (i.e., parent or siblings) with a known Familial Cancer Syndrome (including
but not limited to hereditary breast and ovarian cancer syndrome, hereditary non-polyposis colorectal
cancer syndrome and familial adenomatous polyposis).

8. Prior HSCT.

9. Advanced liver disease, defined as:

2 Similar to B° alleles, the IVS-I-110 mutation is widely recognized as producing little to no B-globin
(Borgna-Pignatti and Galanello, 2009), thus subjects with B%/IVS-I-110 or IVS-I-110/IVS-I-110
genotypes were excluded from Study HGB-207 and grouped with the B%/B° subjects in Study HGB-212.
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a. Persistent aspartate aminotransferase (AST), alanine transaminase (ALT), or direct bilirubin
value >3 x the upper limit of normal (ULN), or

b. Baseline prothrombin time or partial thromboplastin time >1.5x ULN, suspected of arising
from liver disease, or

c. MRI of the liver demonstrating clear evidence of cirrhosis

d. MRI findings suggestive of active hepatitis, significant fibrosis, inconclusive evidence of
cirrhosis, or liver iron concentration =15 mg/g require follow-up liver biopsy in patients 218
years of age. In patients <18 years of age, these MRI findings are exclusionary, unless in the
opinion of the investigator, a liver biopsy could provide additional data to confirm eligi and
would be safe to perform. If a liver biopsy is performed based on MRI findings, any gw ce of
cirrhosis, bridging fibrosis, or significant active hepatitis will be exclusionary. 6

10. Baseline estimated GFR <70 mL/min/1.73 m?, as determined using the CKD-EPI thine equation
for =18 years of age, and Bedside Schwartz equation calculator fo years of age.
(http://www.kidney.org/professionals/kdogqi/gfr_calculator.cfm)

11. Uncontrolled seizure disorder. 0
co a

12. Diffusion capacity of carbon monoxide (DLco) <50% of predicte rfected for Hb and/or alveolar
volume, as clinically indicated).

13. A cardiac T2* <10 ms by MRI. QQ

14. Any other evidence of severe iron overload that, in\@/ stigator’s opinion, warrants exclusion.
15. Participation in another clinical study with an inv@'ga ional drug within 30 days of Screening.

16. Any other condition that would render the paf@ineligible for HSCT, as determined by the attending
transplant physician or investigator.

17. Prior receipt of gene therapy. E Q:

18. Diagnosis of significant psychi order of the patient that could seriously impede the ability to
participate in the study. K

19. Pregnancy or breastfegdin a postpartum female or absence of adequate contraception for fertile
patients. Females of chil E)x‘ing potential and males are required to use two different effective methods
of contraception fr‘o ?&ning through at least 6 months after drug product infusion. If patients are
truly sexually absti (where true sexual abstinence is defined as being in line with the preferred and
usual lifestyl 6\ atient), no second method is required.

20. An as nt by the investigator that the patient would not comply with the study procedures

outIin@ protocol.
21. Awnown and available HLA-matched family donor. If required by regional regulatory authority,
patients with a known and available matched unrelated donor will be excluded from the study.

22. Any contraindications to the use of G-CSF and plerixafor during the mobilization of HSCs and any
contraindications to the use of busulfan and any other medicinal products required during the
myeloablative conditioning, including hypersensitivity to the active substances or to any of the
excipients.
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Treatments

In general, study treatments were comparable among studies HGB-204, HGB-205, HGB-207 and HGB-
212. HGB-207 study treatments are depicted below.

The study has 4 distinct stages, as follows.

Stage 1: Screening to determine eligibility for treatment. The HBB genotype for non-B%/B° patients will
be confirmed during Screening along with additional parameters of eligibility.

Stage 2: Autologous CD34+ cell collection, drug product manufacture and disposition.

Each patient will undergo HSC mobilization with a granulocyte colony-stimulating factor (G-C@e.g.,
filgrastim, lenograstim) and plerixafor. Peripheral blood mononuclear cells (PBMCs) will be @ ed by
apheresis. Patients with a spleen were recommended to be dosed with G-CSF at 10 day and
patients without a spleen dosed at 5 pg/kg/day, and to be dosed with 0.24 mg/kg/d }kerixafor, with
adjustments permitted based on white blood cell monitoring. A total of 2 mobiliz@ﬁ cycles may be
performed if needed and each mobilization cycle may include up to 3 apheres@

However, patients whose drug product fails to meet specifications for an @on may undergo repeat
apheresis and manufacture of new drug product. Apheresis products ca be used for rescue cells;
alternatively, a bone marrow harvest is also allowed to procure cells Iﬁrescue.

Stage 3: Myeloablative conditioning (4 days of conditioning fol y at least 48 hours of washout)
and infusion of Zynteglo (Day 1)

After the transduced cells are dispositioned for cIinicaX.@ and the patient's eligibility has been re-
confirmed (by clinical laboratory tests, physical exa atfon, performance status, adverse event [AE]
review and other tests based on institutional r ents), the patient will undergo myeloablative
conditioning with busulfan.

Conditioning only begins after the foIIowi&ri eria are met:

e All the drug product to be use particular patient has been release tested, dispositioned for
clinical use, and is stored linical site;

conditioning to mainta pre-transfusion Hb of =11 g/dL. Iron chelation will likely need to be
adjusted to co te for the increased iron load, until required discontinuation per protocol;

e It is recommended t?w}ients maintain a hypertransfusion regimen at least 30 days prior to
t

e The patienfx dergone AE and concomitant medications assessments, physical examination,
vital sig (91 laboratory tests as per the SOE and continues to meet the eligibility criteria based
ont sults.

Busulf @e administered at a starting dose of 3.2 mg/kg/day for 4 consecutive days via IV infusion
on through -3. Please refer to the busulfan prescribing information for details on appropriate
method*for determination of patient weight; e.g., (Busilvex SmPC).

A dose of 3.2 mg/kg daily, or 0.8 mg/kg every 6 hours, for 4 consecutive days, is recommended, with
dose adjustment as needed based on pharmacokinetics monitoring to achieve a target daily busulfan of
AUC of 4200 (range 3800 to 4500) pM*min. It is recommended that busulfan is administered at 0.8
mg/kg every 6 hours in children and adolescents with a target busulfan AUC of 1050 (range 950 to 1125)
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uM*min for every 6 hour dosing to avoid higher peak concentrations while still providing equivalent daily
exposure.

After completion of the 4-day course of busulfan, there must be a minimum of 48 hours of washout
before drug product infusion. On study Day 1, thawed drug product will be administered via intravenous
(IV) infusion at a dose of =5.0x10% CD34+ cells/kg.

Stage 4: Follow-up, through engraftment and up to 24 months after drug product infusion. Patients will
be followed daily in the transplant unit for AEs, and laboratory parameters will be followed to monitor
bone marrow engraftment. The patient will be discharged from the transplant unit once the patient is

considered medically stable
The goal during the follow-up period is to maintain Hb =9 g/dL. Transfusions should be avai Qr Hb

29 g/dL unless the need is medically justified (e.g., as a pre-requirement for surgery). Itis mended
that patients should receive pRBC transfusions for Hb <7 g/dL, and for clinically sym \ Cc anaemia,
irrespective of Hb level. O

Patients will be followed in this protocol for a period of approximately 24 mont Zynteglo infusion.

Thereafter, patients will be asked to enroll in a separate long-term follow- UDQ; coI (LTF-303) that will
assess safety and efficacy beyond Month 24 for a total of 15 years after roduct infusion. The end
of Study HGB-207 will be defined as the last visit for the last patient. K

Concomitant Medications and Therapies

Permitted concomitant treatments during conditioning at the@ator ‘s discretion include but are not
limited to:

e o Hydration beginning 12 hours before initi@ condltlomng and continuing through 24 hours
thereafter

e Ondansetron and/or metoclopramid revention or treatment of nausea and vomiting.

e Anticonvulsants for seizure pr s with the exception of phenytoin.

e Ursodeoxycholic acid or d
sinusoidal obstruction sy\

de for prevention of hepatic veno-occlusive disease/hepatic

e Anti-infectives forw n prophylaxis or treatment of febrile neutropenia per the study site

standard of care@

Iron Chelating Ag

To avoid pot Tt Gddc drug-to-drug interactions, chelation was required to be stopped 7 days prior to

initiating con ing with busulfan. Iron chelation was at the investigator’s discretion and in accordance
with in it@nal protocols. Briefly, for patients who continued to require transfusions, chelation was
rec ed to be restarted with deferasirox or deferoxamine at hospital discharge. It was

recommended that deferiprone not be started for at least 6 months due to the potential risk of
myelosuppression. For patients who no longer required pRBC transfusions within 3 months after Zynteglo
infusion, the need for starting iron reduction methods at Day +90 post- Zynteglo infusion was
recommended to be based on LIC and Cardiac T2* measurements (Table 18).
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Table 18: Iron Reduction Guidelines Post-Zynteglo Infusion

Liver LIC (mg'g) Cardiac T2* (ms)
=10 ms 20 to 10 m=
A mg'p Mo chelation 15 required Chelztion is indicated
£15mo'e Consider based on serum ferntin and Chelztion is indicated
hepatinis serology*

=15 me'g Chelation is indicated Chelation is indicated

* Chelation is reconmmended only if semum ferritin is =200 ng'ml at Day +90 or hepatitis BAC serology was

positive pre-ransplant
Objectives é
The objectives of the pooled analyses are: @

L 2

e To evaluate and summarise the associations between measures of myeloablati %pharmaco-
dynamic (PD) parameters as well as associations between gene expressi d key efficacy
transfusion requirement parameters, transfusion independence (TI) a fusion reduction

(TR), among patients with TDT. \
e To conduct a pooled efficacy analysis, evaluating TI and TR am leed cohorts of patients
with TDT.

Primary Efficacy Endpoint:

S
Outcomes/endpoints Q@
O(\

The primary endpoint was similar for the pooled analyseSwwith Studies HGB-204, HGB-205, and HGB-
207, and for study HGB-207: the proportion ients who meet the definition of transfusion
independence (TI).

- TI 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 th @a ter drug product infusion.

Secondary Efficacy Endpoints for S GB-207
e Characterisation of pati achieving TI:
— Duration N
- Tirpe rug product infusion to last pRBC transfusion prior to becoming TI

- .T@\'om drug product infusion to TI
ighted average nadir Hb during TI
& Proportion of patients who meet the definition of TI at End-of-Study Visit
— Transfusion-free survival
e Characterisation of transfusion reduction (TR):

— Proportion of patients with a reduction in the mL/kg/year pRBCs transfused from 12
months post-drug product infusion through the Month 24 Visit of at least 50%, 60%,
75%, 90% or 100% compared to the average mL/kg/year pRBC transfusion requirement
during the 2 years prior to enrolment

— Number and volume of pRBC transfusions from 12 months post-drug product infusion
through the Month 24 Visit compared to the average number and volume of annual
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transfusions during the 2 years prior to enrolment

¢ Weighted average nadir Hb during the 2 years prior to enrolment compared to weighted average
nadir Hb from 12 months post-DP infusion through the Month 24 Visit

e Characterisation of use of iron chelation among all patients:
— Proportion of patients who have discontinued iron chelation therapy for at least 6 months

— Change in dose of iron chelation therapy from baseline for those patients not
discontinuing chelation for at least 6 months

e Evaluation of the change in iron burden over time, as measured by: é
— Change in LIC by MRI at baseline to Month 12 and Month 24 @
— Change in cardiac T2* on MRI at baseline to Month 12 and Month 24 {\6
— Change in serum ferritin from baseline through Month 24 Visit O
Exploratory Efficacy Endpoints for Study HGB-207 §
e Evaluation of health-related quality of life (HRQoL) over time usirﬁbe following validated tools:

— Paediatrics: Paediatric Quality of Life Inventory (Ped@‘ parent general core and general

core)

— Adolescents: PedsQL (parent general core @eral core) and EuroQol-5D (Youth
version) (EQ-5D-Y) O

— Adults: EuroQol-5D (EQ-5D), Functj | Assessment of Cancer Therapy-Bone Marrow
Transplant (FACT-BMT), and Sho -36 (SF-36) v2

e Assessment of growth and pubert ’wameters (age appropriate), bone density, diabetes,
endocrine evaluations, and neur&i’ive development (paediatric patients <18 years of age)

e Assessment of improvement r@g ective erythropoiesis

e Correlations of pre—trea@ variables (e.g., drug product vector copy number [VCN]) with
response

e Measures of hea@source utilization (including comparing number of transfusions, number of
hospitalizasio d iron chelation usage from 12 months post-drug product infusion through
Month 24 \4sit\with the annual average of the corresponding parameters during the 2 years prior
to en

Sample for Study HGB-207

No fo sample size calculations were done.

Approximately 23 patients in total will be treated with drug product , at least 15 of whom must be >12
and <50 years of age (Cohort 1; at least 5 patients in Cohort 1 must be >12 and <18), and at least 8 of
whom must be <12 years of age (Cohort 2). Replacement patients may be added if patients are screen
failures or withdraw prior to Stage 3 (conditioning).

The sample size in Cohort 1 is based on the premise that excluding a treatment effect of <30% with a
high probability is of value (demonstrating with 97.5% confidence that >30% of patients become TI).
Moreover, a point estimate of the proportion of patients who become TI of at least 60% is considered
clinically meaningful. This point estimate was selected based on the minimal criterion to be met in the
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trials and was supported as the minimal target based on discussions with key opinion leaders with
expertise in the treatment of S -thalassemia. Therefore, among the proposed sample size of 15 treated
patients >12 and <50 years of age in Cohort 1, a point estimate for success of 60% is proposed (9 out of
15 patients), which would yield a lower 1-sided 97.5% exact confidence bound of 32.3%, exceeding the
30% minimal criterion. Among the proposed sample size of 8 treated patients <12 years of age in Cohort
2, a point estimate for success of 60% (5 out of 8 patients) would yield a lower 1-sided 97.5% exact
confidence bound of 24.5%.

The following patient populations are evaluated and used for presentation and analysis of the data:

e Intent-to-Treat (ITT) population: All patients who initiate any study procedures, beginning with
mobilization by G-CSF and/or plerixafor. ’6

e Transplant Population (TP): All patients who receive Zynteglo finished product ;re@t

e Successful Engraftment Population (SEP): All patients who have su %I neutrophil
engraftment (NE) after Zynteglo finished product infusion. Qé

The ITT population is the primary population for the analysis of safety param \, he TP is the primary
population for the analysis of efficacy, pharmacodynamic and transpla éameter endpoints (i.e.,
success and kinetics of engraftment, and incidence of transplant-rel te@ortality post-drug product
infusion). The Successful Engraftment Population (SEP) was pla to provide supportive data for
patients who engraft; however, given all patients with suffici Iéallow-up data for evaluation had
successful engraftment, this population was not analysed. Q

Randomisation \O

Not applicable. Q

Blinding (masking) 6\,
Not applicable. 60
Statistical methods O

The studies are primarilyﬁc ive in nature. Data are presented by patient and summarized overall
within each analysis pq& ion, and by age and sex, as applicable. Tabulations were produced for
appropriate demogrﬂ@ aseline, efficacy, pharmacodynamic, and safety parameters. For categorical
variables, summ ulations of the number and percentage of patients within each category of the
parameter a nted. For continuous variables, the number of patients, mean, standard deviation
imum, and maximum values are presented. Descriptive summary statistics as well as
5% Clopper-Pearson exact binomial confidence intervals are presented on selected
expressed as proportions.

Baseline Definitions

Two years of retrospective pre-study enrolment data is collected for each patient in the study, so that
each patient may serve as his/her own control for the parameters of pRBC transfusion requirements,
weighted average nadir Hb concentrations, in-patient hospitalizations (number and duration), and iron
chelation use. For these parameters, baseline is annualized over the 2 years prior to study entry (date
of informed consent). For pRBC transfusion requirements, there is 1 baseline parameter, the average
per year. For the number of in-patient hospitalization days (defined as hospitalization duration of at least
24 hours), in addition to the total number of hospitalizations in the 2 years prior to study entry, the
baseline average per year is calculated. For iron chelation use, the baseline average dose per year is
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calculated. For other efficacy parameters as well as for pharmacodynamics parameters, baseline is
defined as the most recent measurement prior to conditioning; the conditioning start date is defined as
the first date of busulfan administration. For safety parameters, including shifts in key laboratory
parameters, the most recent value prior to mobilisation is used as the baseline assessment.

Formal multiplicity adjustment will not be performed. It is expected that the majority of the secondary
and exploratory endpoints will demonstrate a positive effect of Zynteglo. There are multiple secondary
endpoints, which will enable a more complete understanding of the clinical impact of therapy with
Zynteglo.

Subpopulations
Selected analyses are stratified by age at informed consent/assent (<12, 212 to <18, and ars),
race and sex. Additionally, some endpoints are presented for subpopulations by ,g e: non-

B°/B° patients (containing the BE mutation, or the B+ mutation), B%/B° patients. K\
Withdrawals, Dropouts, Loss to Follow-up O

Patients withdrawn from the study prior to conditioning (myeloablation) will s&aced. Patients who
begin conditioning but are subsequently withdrawn will not be replaced.
ogd be followed for at least 1

Patients who enrol in the trial but discontinue prior to myeloablatiorﬁl';
month after completion of harvesting, or until resolution of any st cedure-related AEs, whichever
is later. In the rare case a patient undergoes myeloablation b%)es not undergo Zynteglo infusion,
follow-up should continue on trial for at least 3 months, or un tion of any study procedure-related
AEs, whichever is later. O

If withdrawal is after drug product infusion, patients be asked to complete the same assessments as
specified in the SOE for Month 24 (Early Termin isit assessments) and will be asked to enroll in

the long-term follow-up Study LTF-303. \

O
06

HGB-204: 19 eligible patienQere enrolled in Study HGB-204, and 18 patients were infused with
Zynteglo, all of whom essfully engrafted. One patient was withdrawn from the study due to
“inadequate stem cell ation” after a single mobilization/apheresis cycle. 18 patients successfully
engrafted completé\ e'Study through their Month 24 Visit.

Results

Participant flow

*
HGB-205: 4 pe Qwith TDT underwent screening, and all were found to be eligible for this study. All
ﬁ- with Zynteglo, all 4 successfully engrafted and completed the study through

4 were tred
appro@@ 2 years post-drug product infusion.

HGB- * As of 22 February 2018, 23 patients underwent screening, and 4 were found to be ineligible
for this study. Three patients were excluded due to advanced liver disease and 1 patient was excluded
due to a cardiac T2* <10 ms measured by MRI. 14 patients were mobilized, 1 patient underwent 1 cycle
of mobilization and apheresis with G-CSF and plerixafor but discontinued before conditioning because of
pregnancy. 10 patients were conditioned with busulfan and were administered Zynteglo (TP); and 3
patients have not yet undergone conditioning/Zynteglo infusion. Of the 10 patients who were infused
with drug product at the time of data cut for the interim clinical study report (CSR), all 9 patients with
at least 43 days of follow-up had achieved neutrophil engraftment, 6 patients had completed at least
their Month 6 Visit and 2 patients had completed at least their Month 12 Visit (Table 19).
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Table 19: HGB-207 disposition (ITT)

Overall
Parameter Statistic (N=14)
Subjects Mobilized (ITT)* (%) 14 (100.0)
Subjects Infused with Drug Product (TP) n(%) 10(71.4)
Subjects with Successful Engraftment’ n (%) 9(64.3)
Subjects Completing Month 3 Visit Post-Drug Product Infusion n (%) &8(57.1)
Subjects Completing Month 6 Visit Post-Drug Product Infusion o (%) 6(42.9)
Subjects Completing Month 9 Visit Post-Drug Product Infusion n (%) 214
Subjects Completing Month 12 Visit Post-Drug Product Infusion n (%) 2(14.3)
Subjects Completing Moath 18 Visit Post-Drug Product Infusion n (%) 0
Subyects who Discontinued from Study a (%) 1010
Reasons for Study Discontinuation
Other* n(%) 1(.1)
Source: Table 14.1.1.1, Listing 16.2.1.1
"Intent to treat population (TTT)
*Transplant Population (TP)
*Successfil Engraftment Population (SEP)= all subjects who have successful neutrophil engraftment after
LennGlobin BB305 Drug Product infusion to date, defined as ANC =0.5 x 10%L for 3 consecunve days post -
drug product infusion or ANC =0.5 x 10°L for 3 consecutive measurements done on separate days. At the time
of data lock. one subject had not yet reached successful engraftment due to msufficient follow-up time. \

* Discontimed after a single cycle of mobilization/apheresis, but before conditioning because of “preguancy on
study”.

Data as of 22 February 2018 ®

Figure 10: Consort diagram showing disposition for Study HGB-207°

Screened (N=23) K %
Ineligible [N=4) @
»  Advancedliver disease (n=3) Q

* CardiacT2*<10ms mezsured by MRI (n=1) Q

L]

Maobilized [ITT, N=14)

.| Discontinued [N=1)
*  Pregnancy [n=1:|

L]

Conditioning with busulfan (N=10]

Infused with drug product (TF, N=10}

Data as of 22 February 2018 A4

Recruitment for St QGB-207

4 patients were fo ingligible for the study during screening. 3 patients were excluded due to advanced
liver disease apd &lent was excluded due to a cardiac T2* <10ms measured by MRI.

Of the 14 ised patients, 10 patients were infused with the drug product of which 9 engrafted
successful one patient had insufficient follow up time for successful engraftment. As of 22 February
201 w-up time is limited and no patients had sufficient follow-up time that is needed for

assesstgent of the primary endpoint.

Conduct of Study HGB-207

Enrolment in Study HGB-207 began under protocol version 1.3 (27 January 2016). The protocol was
amended 3 times (Table 20).
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Table 20: Substantive Changes in Protocol Amendments

Version, Date,
Countries
Effective Key Substantive Changes
V1.3, 27JAN2016, | Onginal to enroll patients
Global
V14, 06FEB2016, | Added new exclusion criteria to exchude any subjects with known sensitivities to dmgs
UK being used in the tnal
V1.3, 14N0V2016, | Added criteria to exclude patients with 2 known and available HLA-matched unrelated
Germany doner
Added success criteria defined based on the proportion of subjects achieving transfusion
independence
Changed procedure to merease frequency of vital sign momtening to every 2 hours post-
dmg product mfiusion
Outlined assessments that will need to be repeated if mobilization 15 delayed for
=3 months after screening
Exchision criteria added to require more stringent liver assessment before being eligible
for freatment
Exclusion criteria added to exclude subjects with known sensitivities to drugs bemg used
in the trial * 6
V2.0, 05JAN2017, | Added cohort of subjects <12 years of age \
Global
V3.0, 19 JUN2018, | Target average daily busulfan AUC reduced from 4300 (range 4000 to 5000) pM*min to O
Global 4200 (range 3800 to 4500) pM*mun. Children and adolescents were recommended to
follow a qfh dosing regimen, with a target AUC of 1030 (range 930 to 1125) pM*nun. \
Prophylaxis with ursodeoxychelic acid (preferred) or defibrotide is required before
initiation of conditioning to help prevent the occurrence of VOD/SOS. 0
Secondary efficacy endpoints clarified to match SAP language which includes measunng
weighted average Hb during TI and vohime of pRBC transfusions from Month 12

through Month 24. Also added endpoimnt to clarify that total Hb levels are collected at
designated fime points.
As of 22 February 2018 :@

Changes to the Planned Statistical Methods for Study HGB-

The HGB-207 SAP outlines any differences in the plann%nalytical objectives relative to those planned
in the study protocol. Changes to analyses outlined e current SAP are as follows:

1. Due to limited follow-up at the time of the%t'ank for this interim analysis:

a. The primary efficacy endpoin {)nd secondary efficacy endpoint characterising patients
with TI were not performed.

b. For transfusion reductio@w weighted average nadir Hb analyses that pre-specify a Month
12 to Month 24 anal riod for comparison with baseline, a modified analysis period of

hospital discharge af rug product infusion to the last visit for each patient was utilized to
detect any emepging, trends in the data. Data from the pre-enrollment period and the post-
hospital disc eriod were annualized for the purposes of comparison.

c. Any d

a
&econdary efficacy endpoints of chelation therapy discontinuation and change in

; @ chelation therapy dose, and change in iron burden over time (LIC, cardiac

>
@: he following endpoints are included only in data listings:

T2%)

ii. Exploratory endpoints of Quality of life (QoL), assessment of growth and puberty
parameters, assessment of improvement in ineffective erythropoiesis, and measures of
health resource utilization for the Month 12 through Month 24 pre-specified period

2. The characterisation of patients with TI endpoint, ‘Time from drug product infusion to last pRBC
transfusion prior to becoming TI' was evaluated as ‘Time from drug product infusion to last pRBC
transfusion’ for all TP patients with available data.

3. The characterisation of patients with TI endpoint, ‘Transfusion-free survival’ was evaluated
descriptively as ‘Time from last pRBC transfusion to last visit’ given there were no deaths, and was also
analysed for all TP patients with available data.

Assessment report
EMA/56140/2020 Page 79/143



4. Hb was planned to be included as a parameter for lab shift table safety analysis, however, then was
removed since already analysed as part of efficacy analyses.

5. The pharmacodynamic endpoint for gene transfer efficiency and expression was quantified by
measuring BAT87Q-globin expression; however, the protocol and SAP both state this endpoint is assessed
by the ratio of BAT87Q-globin to a-globin, which is included in a data listing, but this is not how
BAT87Q-globin expression is assessed.

6. The ratio of a-globin chains to all B-globin chains was planned but not analysed given the planned and
analysed ratio of a-globin chains to all B-like globin chains was the more clinically relevant ratio for
pharmacodynamic analysis.

7. The correlation of BA-T87Q-globin expression at early time points post-drug product infusj .g., 3
and 6 months) to BAT87Q-globin expression at later time points, as well as clinical ou;cn@ was not
assessed at this early stage of the trial. \

8. Events of interest (EOI) analysis was not performed in the study as the definitj EOI continues to

evolve with the development of the product. \
Treatment procedure for Study HGB-207 0
Below a short review of the treatment procedure for Study HGB-207 Qre;ented in Table 21 and Table

22. @
O

Table 21: Mobilisation/Apheresis Details for Stud\l-@Q(ﬂ (ITT Population)

Splensctomized Net Splenectomized Owverall
Parameter Statistic (N=5) (N=9) (N=14)

Number of Mobilization Cycles / Subjesct

1 n (%) 3 (60.0) 9 (100.0)
2 n (%) 2 (40.0) 0
G-CSF Average Daily Dose (pg/kg/day) [1] H S 9
Mean (SD) €.4€ (2.135) 10.23 (0.721)
Median 5.44 1lo0.00
Min, Max 5.1, 10.2 9.3, 11.¢6
Plerixafor Average Daily Dose (mg/kg/day) [1] N 5 ]
Mean (SD) 0.246 (0.0069) 0.24 (0.01e8)
Median 0.245 0.235
Min, Max 0.24, 0.25 0.22, 0.28

Number of Apheresis Procedures Performed per Mobhilization
cycle [2]

Total Blood Volume Procssssd during Apheresis (mlL) [3]

9 14
15253.8 (4929.98) 20877.9

- 15878.0 18925.0
Min, Max 19608, 49087 8788, 22050 g788, 4

Cycle 1

QGV
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Splenectomized Not Splensctomized Overall
Parameter Statistic (N=5) (N=9) (N=14)
cycle 2 N 2 0 2
Mean (SD) 2386€9.0 (4174.7€) 23869.0 (4174.786)
Median 23869.0 23869.0
Min, Max 20917, 26821 20917, 263821
Average Total Blood Volume Processed during N 5 9 14
Apheresis (mL) [2] Mean (SD) 15761.13 (7316€.333) 8136.78 (2220.549) 10859.7e (5820.458)
Median 16362.33 8769.50 9149.50
Min, Max 78%72.7, 26284.2 4394.0, 11025.0 4394.0, 26284.2
Number of CD34+ Cells Collected (Cellsx1076/kg) N 5 9 14
Mean (SD) 15.38 (4.061) 26.21 (7.602) 22.34 (8.344)
Median 16.56 23.70 21.59
Min, Max 8.9, 18.8 12.3, 35.1 5.9, 35.1
Numbker Of CD34+ Cells Sent for Transduction (Cellsx10”6/kqg) N 5 9 14
Mean (SD) 12.37 (3.585) 195.40 (7.0868) 16.89 (€.850)
Median 13.52 17.60 15.53
Min, Max 6.4, 15.7 10.5, 30.9 6.4, 30.9
Number Of CD34+ Cells Sent for Rescue (Cellsx107&é/kg) N 5 9 14
Mean (SD) 3.01 (1.003) 7.49 (4.352) 5.89 (4.112)
Median 2.73 6.10 4.80
Min, Max 2.1, 4.7 2.4, 15.7 2.1, 15.7
[1] Sum of total daily doses divided by weight (kg) (closest but prior to date of mobilization) and number of days dosed.
[2] For subjects with more than one mobilization cycle, data will be averaged across both cycles first.
[3] Totzl bloocd volume is summed within esach cycle.
Source: Listings 16 3, 16.2.4.3, 16.2.4.7, 16.2.4.8.1, 16.2.4.8.2

Data as of 22 February 2018

o

Table 22: Drug Product Dosing and Infusion Details, b

roup and Sex (TP)

-
Age Sex
Cverall
Parameter Statistic 12 to <18 M F (H=10)
Duration of Hospitalization (days) [1] 0 2 & 3 ]
53.0 (5.68) 42.3 (5.81) 50.0 (&€.58) 42,0 45.0 (7.17)
53.0 43.5 4%.0 43.0 44.0
4%, 57 32, 489 44, 57 32, 49 3z, 57
Number of Drug Product Lots Administered
1 n (%) o 4 (100.0) 4 (l00.0) S (83.3) 9 (80.0)
2 n (%) 0 0 o 1 (1e.7) 1 (10.0)
3 no(%) o 0 o o o
4 no(%) o 0 o o o
Total Cell Dose (CD34+ cells x 10~6/kg) il o 4 4 13
Mean (SD) .70 (€.551) £.38 (1.176) 10.65 ([5.235) (4.414)
Median 7.20 7.20 %.45 7
Min, Max 5.0, 1%.4 2, 7.9 5.0, 19.4 5.0, 19.4

Assessment report
EMA/56140/2020

Page 81/143



Age Sex

Ooearall
Daramster Statiztic <12 12 o <18 >=18 M F (=10}
Vector Copy Wumber (VON) in Dzug i Q 4 & 4 -] in
Product (average per subjecs: ofdg) [2] He=an (3D) 4_150 (0_.9850} 2.1323 (D.59B8) 3.250 (0.2887) 2.667 (1.162ZZ) 3.540 (0_.B572
Median 2.850 Z_850 2_250 2.450 2.250
Hin, Max 3.30, 5.40 Z.40, 4.00 2.00, 2.70 Z.40, 5.20 2.40, 5.40
VCH in Drug Product (average per lot: N 0 4 7 ] 7 11
cfdg) [3] Hean (3D) 4_150 (0 2.350 (0.2887) 2.523 (1.1341) 23.473 (0D.E57S)
Median 2.850 2_250 2.200 2.200
Hin, Max 3.30, 5.4 2.00, 2.70 Z.40, 5.20 2.40, 5.40
Time to Neutrophil Engraftment (days) [4] N 0 5
Hean (3D) ZZ.6
Hedian Z4.0
Min, Max 17, ZB
Age Jex
Creerall
Daramster Ztatissic <12 12 so <18 >=18 B F (W=10}
Time to Platelet Engraftment (days] [5] n o g 2 4 7
Hean (3D) 42.0 (4.00) 4.3 (4.04) 42.5 (5.07)
Hedian 44.0 22.0 43.5
Min, Max 25, 28 44, 51 35, 426
Time to Platelet Engraftment [3]
n (%) o o il o il o
n (%) a 1 (25.0 € (100.0) 3 (75.01 4 (6E.T) 7 {70.0}
a (%) o 0 o ] o ]
n (%) o o o o o o
Subjects with Neutrophil Engraftment n (% o 3 (75 € (1l00.0) 4 (loo.0) 5 (82.3) 9 {(90.0}
Succes= [£]
Subjects with Platelas Engraftmens n (%) a 1 (25.01 € (100.0) 3 (75.0 4 (6.7 7 {70.0
Success [7]
[1] Ezom =nitiation of hospitalication for conditicning ©o posc drog product infusicn discharge: subiects that have mot been dischazged
from the hospital are not included.
VCH in Drug Product rage per subjecs] calculates an average drug producs VOH for each subject prior so stasistical calculations
1 WCH in Drug Product (average per lot] counts each drug product VIN separately m to statistical calculations.
[4] Defined a= she first of 2 comsescusive absslute neutrophil coun (BNC) laborastor alues == 0.5 x 10~8/L obtained on different days

after a post-transplant value of <0.5 ® 10*5/L. At the time of data-cut, one subject has not yet reached successful engz
due to insufficient follow-up.

[3] Defined a= the first of 2 consecucive platelet count laboratory values »= 20 x 10~8/L obtained on different days after a post-
transplant walus of <20 ¥ 10°8/L, while no plasslet transfusicns were administersd Sor 7 days irmediztely preceding and during she
mvaluation period.

[€] Defined a= achieving meutzophil engraftment by Day 43 and not receiving back-up cells at any time during the neutzopenic phases. &t
the time of data-cut, onz subject has essful sngraftment due o insufficient follow-up.

wment

Data as of 22 February 2018

Baseline data

Table 23: Key Demography tients with TDT by Parent Study, Genotype, and Overall for
Pooled Analyses (TP) \

Phase 1/ Stodies Phase 3 Stodies _
HGB-M4 HGB-M08 FPoaled HGE-207 HCB-1112 All Studies
Al Al All
o Non-fp* p° Cenotype:  Nom-fi*/J* Non-f"/f" Genotvpes Noo-f*/p* [ Non-f* " Genotvpes
Parameter Statistic  (N=10) (N=8 (N=18) N=4) N=l) @®=2) =10 =1 M=) (=33
Ape at informed consent or aszenr® (vears)
N 10 -1 18 14 n 1] 24 33
Mean 2 241 231 09 20 183 198 210
(5D (8.60) 762y  (692) (5.95) (6.62) (4300 (5.37) (.15
Median 195 230 20.0 185 200 19.0 185 200
Min Mxx 14, 34 12,35 12, 35 16, 34 12,35 12. M4 1L 34 12,35
Age at informad consent of aat’ (Catesory)
218 years o) 16(86.T) 4727
zlim<lEyears oty §(33.3) $(37.3)
CGender
Male o) 9(37.5) 12 (36.4)
Female o (%) 15 (62.5) 21 (63.6)
Face
Asian o () g (0.0 (7500 14(77.8) 2(50.m 100714 160027 6 (50.00 16 (66T 23(60.T)
White a (%) 2 (20000 202500 42X 2(50.00 4 (28.5) §(27.3) 4 (4000 §(333) 10 (30.3)

Dasa as of 21 February 2013 for Stady HGB-207 and 07 March 2018 for all other stadies.
Source: Table 2.1.2
! Assent is applicable to subjects <18 years cld
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Thalassaemia-Related Medical History

Table 24: Thalassaemia-Related Medical History by Parent Study, Genotype, and Overall for

Pooled Analyses (TP)

Phase 1/2 Studies

Phase 3 Studies

All Studies

HGB-204 HGB-205 Pooled HGB-207 HGB-212
All All All
Non-p%p"  pUB° Genotypes Non-pY/p° Non-pYg"  Genotypes Non-B/p° po/p° Non-p%/p° Genotypes
Parameter Statistic (N = 10) N=8) (N=18) N=4) N=14) (N=12) (N =10) N=1) N =124) (N =33)
HBB genotype
RO/Be n (%) 0 2 (100.0) 8 (44.4) 0 0 8 (36.4) 0 1 (100.0) 0 9 (27.3)
RE/RO n (%) 6 (60.0) 0 6(33.3) 3(75.0) 9 (64.3) 9 (40.9) 3(30.0) 0 12 (50.0) 12 (364)
RUB* n (%) 1(10.0) 0 1(5.6) 0 1(7.1) 1(4.5) 5 (50.0) 0 6(25.0) 6(18.2)
[l n (%) 2 (20.0) 0 2(11.1) 1(25.0) 3(21.4) 3(13.6) 2(20.0) 0 5(20.8) 5(15.2)
Other! 10 (%) 1(10.0) 0 1(5.6) 0 1(7.1) 1(4.5) 0 0 1(4.2) 1(3.0)
Splenectomy
Yes n (%) 3(30.0) 3(37.5) 6(33.3) 3(75.00 6(42.9) 9(40.9) 2(20.0) 1(100.0) 8(33.3) 12 (36.4)
No n (%) 7(70.0) 5(62.5) 12 (66.7) 1(25.0) 8(57.1) 13 (59.1) 8 (80.0) 0 16 (66.7) 21(63.6)
Age at p-thalassemia major diapnosis? (months)
24 33
49.8 399
(74.81) (67.07)
135 9.0
0,315 0,315
Age at first pRBC transfusion (months)
22 30
326 257
(33.95) (31.18)
18.0 11.5
0,132 0,132
Age at starting regular pRBC transfusions (months)
24 33
884 69.8
(79.33) (75.32)
72.0 48.0
1,312 1,312
Phase 1/2 Studies Phase 3 Studies All Studies
HGB-204 HGB-205 Pooled HGB-207 HGB-212
All All All
Non-B%g®  BYB° Genotypes Non-p%p° Non-B%B’  Genotypes Non-p%p° BY/p° Non-p%/p°® Genotypes
Parameter Statistic (N=10) (N=8) (N=18) N=4) (N=14) (N=122) (N=10) N=1) (N=24) (N=33)
Age at starting iron chelation (years)
N 10 8 18 4 14 22 10 1 24 33
Mean 9.7 5.8 7.9 5.0 8.4 74 6.0 4.0 74 6.9
(SD) (7.07) (5.37) (6.51) (4.97) (6.72) (6.26) (4.24) ) (5.83) (5.61)
Median 7.5 35 6.5 35 7.0 6.0 4.5 4.0 6.5 5.0
Min, Max 2,26 2,18 2,26 1,12 1,26 1.26 2,16 4,4 1.26 1.26
Pre-treatment baseline annualized pRBC transfusion volume (mL/kg/year)
N 10 g 18 4 14 22 10 1 24 33
Mean 164.06 196.11 178.31 174.96 167.18 177.70 20431 160.21 182.65 18523
(D) (30.419) (50.022) (42.294) (25.606) (28.602) (39.287) (38.583) “ (37.346) (40.050)
Median 151.28 182.59 169.05 181.85 15478 171.15 211.29 160.21 171.11 171.73
Min, Max 140.0,2345 1244 2732 1244 2732 13881973 138.8,2345 1244,2732 158.7.2513 160.2, 160.2 138.8,251.3 1244 2732
Pre-treatment baselme annualized pRBC transfusion frequency (#/year)
N 10 8 18 4 14 22 10 1 24 33
Mean 1345 14.44 13.89 1213 13.07 13.57 17.75 12.50 15.02 14.80
(SD) (1.817) (1.935) (1.883) (1.181) (1.730) (1.885) (3.981) ) (3.667) (3.274)
Median 1375 13.75 13.75 12.50 13.00 13.00 17.75 12.50 14.00 14.00
Min. Max 10.0, 165 12.5.17.5 10.0,17.5 10.5.13.0 10.0.16.5 10.0.17.5 11.5.245 125,125 10.0.245 10.0. 245
Pre-treatment baseline weighted average nadir Hb that preceded pRBC transfusions (g/dL)
N 10 8 18 4 14 22 10 1 24 33
Mean 8.73 938 9.02 946 8.94 9.10 942 9.72 9.14 921
(SD) (1.014) (0.431) (0.855) (1.479) (1.155) (0.967) (0.767) ) (1.022) (0.900)
Median 9.11 943 931 9.44 9.11 931 9.63 972 943 9.52
Min, Max 7.0,9.8 8.7.10.1 7.0.10.1 8.1.108 7.0,108 7.0,10.8 75,102 9.7,9.7 7.0.10.8 7.0,10.8
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Phase 1/2 Studies Phase 3 Studies All Studies

HGB-204 HGB-205 Pooled HGB-207 HGB-212
All All All
Non-g%p°®  BYp° Genotypes Non-p%p° Non-B%B"  Genotypes Non-p%/p° B/p° Non-p%p° Genotypes
Parameter Statistic (N=10) N=8) (N=18) N=4) (N=14) (N=22) (N=10) ™zN=1 =24 (N=33)
Pre-treatment baseline iron burden’
Liver iron content (mg/g)
N 10 8 18 4 14 22 10 ot 24 32
Min, Max 12,264 04.17.0 04,264 3.9.14.0 12, 264 04, 264 1.0.19.61 1.0.19.61 0.4, 19.61
Cardiac T2* measurement (msec)
N 10 8 18 4 14 22 10 ot 24 32
Min. Max 27,54 10, 37 10, 54 29.46 27,54 10, 54 35.30.50.92 27,54 10, 54
Serum ferntin (pmol/L)
N 10 7 18 4 14 21 10 ot 24 31
Min. Max 16438629 748 7267 748. 8629 2139, 7097 1643.8629 748.8629 349, 10020 349, 10020 34910020

Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies.
Source: Table 2.1.3; Table 2.1 4, Listing 2.2.6.5, Listing 2.2.6.6, Listing 2.2.6.7, Interim CSR. HGB-207 Listing 16.2.6.7.2, Interim CSR HGB-207 Listing 16.2.6.8, Interim
CSR HGB-207 Listing 16.2.6.9
Note: Retrospective pre-treatment transfusion history (pre-treatment baseline annualized pRBC transfusion volume. pre-treatment baseline annualized pRBC transfusion
frequency, and pre-treatment baseline weighted average nadir Hb that preceded pRBC transfusions) were collected from the 2 vears prior to date of informed consent.
1 Other genotype reported as: HBB:¢ 92+1G>T & Unknown. The unknown allele 15 an umdentified = mutation of £ since this subject 1s able to produce
some endogenous HbA
2 Age at B-thalassemia major diagnosis is calculated as (date of diagnosis - date of birth + 1) / 30.4375
3 Pre-treatment baseline iron burden values are defined as the last value prior to initiation of conditioning.
* Due to the limited follow-up time for the 1 treated subject in Study HGB-212, iron burden data was not included for this subject in this module.

~»
Amongst the transplant population (TP), 72.7% of patients (24/33) were @-B"/BO genotype. Out of
these 24 non-B%/B° patients, 12 patients (50.0%) had the BE mutation t@ccurs with high frequency
in many Asian countries, correlating with the predominance of patiéts of Asian descent in the study

populations. There were no meaningful differences in percen enectomised patients between
genotypes or across studies. In Study HGB-204, 30.0¢ non-B%/B° patients (3/10) were
splenectomised versus 37.5% of BY/B° patients (3/8). The 1an-ages at which the B%/B° subgroup in

Study HGB-204 was diagnosed, had their first transfus\ gan regular transfusions, and began iron
chelation, tended to be younger than for the non-B%/84 subgroup.

All patients were transfusion-dependent in accordanee with study entrance criteria for Studies HGB-204,
HGB-205, HGB-207, and HGB-212, which inciided a requirement for patients to have a history of pRBC
transfusions of at least 100 mL/kg/year R, the 2 years preceding enrolment, or be managed under
standard thalassaemia guidelines w é pRBC transfusions per year in the 2 years preceding

enrolment. Overall, there were no nt differences in pre-treatment transfusion requirements or
pre-treatment weighted nadir H een BY%B% and non-B%/B° patients with TDT (either within Study
HGB-204, or comparing °/B° tudy HGB-204 to non-B%/B° pooled from Studies HGB-204 and HGB-

sioMyrequirements and weighted nadir Hb also appeared to be similar, with
| studies for non-B9%/B° patients. Pre-treatment baseline value ranges for
liver iron burden b RI/SQUID, cardiac iron burden by cardiac T2* measurements, and serum
ferritin (defineg ast value prior to conditioning). Overall, there was a wide range in iron burden
levels at bas \ ongst the patients, spanning across the normal range to iron overload, but ranges
overlappe@ en genotypes and across studies.

205). Pre-treatment tran
overlapping ranges, acr

Nu analysed

Across the 4 treatment studies investigating the use of Zynteglo for the treatment of TDT (parent Studies
HGB-204, HGB-205, HGB-207, and HGB-212), a total of 39 patients with TDT have undergone
mobilisation and apheresis for drug product manufacture (i.e., the Intent-to-Treat [ITT] Population) as
of the data cuts on 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies. Patient
with TDT enrolled in Phase 1/2 Studies HGB-204 and HGB-205 have completed these studies and
continue to be followed in Study LTF-303, whereas patients with TDT are still being followed in ongoing
Phase 3 Studies HGB-207 and HGB-212.

As of the data cuts on 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies:
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e the treated patients from Study HGB-204 (N = 18) have been followed for a median (min, max) of
32.11 (23.1, 41.9) months post-drug product infusion;

e the treated patients with TDT from Study HGB-205 (N = 4) have been followed for a median (min,
max) of 38.29 (28.8, 47.7) months post-drug product infusion;

e the treated patients from Study HGB-207 (N = 10) have been followed for a median (min, max) of
5.59 (0.8, 13.2) months post-drug product infusion;

e the single treated patient in Study HGB-212 (who had a B?%/B° genotype) has been followed for a
duration of 3.0 months post-drug product infusion.

There have been 2 discontinuations from these studies; both patients had non-B%/B° genotypes, both
before the initiation of conditioning. 96

In total as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studi patients
were treated with Zynteglo of which 24 had a non-B%B° genotype. The mean duratig\ ollow up is
21.86 months post drug product infusion for non-B%/B° patients, with 14 patients rea the 14 months
of follow up needed for the assessment of the primary endpoint of transfusio'\l%ne ndence.

Table 25: Disposition for Patients with TDT by Parent Study, G_enotyp% d Overall (ITT)

Fhaze 172 Stadie: Fhaze 3 Sindies "
HGB-1 HCB-105 Fooled: HGB-WT HCB-211 4RS :

Al Al Al All
Neafop"  pp° Cenotvpes  Nom-fUP*  Non-pUP  Cemonypes  Noo-pUp Cenofypes  Now-[*  Cemofypes
Parameter Statise  (N=11) N=5 N=19 N=4) (N=15 N=13) N=14) M=0 (N =30) (N=3m

Subjects mobilized (117)
B (%4 11 30000 810000 19 (100.0) 4 (100.00 15 (20000 23 (000.0) 14 (100.00 2 (1000 30 (100.00 39 (100,00

Subjects eated with dmg product (TF)

)] 10008  8(10000 1547 4 (100.00 4933 2050 10(71.4) 1 (50.00 M3 33848
Subjects with successfinl engrafiment® (SEF)

B (%) 10 (20.9) §{100.00 15(4.7) 4 (100.00 14(933) 12@LT) 9 (54.3) 1 (50.00 L5767  31@ELY)

Subjecrs complening follow-up Visis (Moaths pow-DPT):
Msash 3 B (%) 10 @05  §(l000) 15047 4 (100.0) 14935 257 £(57.1)
Moah & 8 (%) 10 (P0.8) (10000 13(4.T) 4 (100,00 14(933) 25T &(429)
Mok P (%) 10 (®0.8) B(10000 13 (MT) 4 (100,00 14(933) 2(LT) 3214
Monzh 12 o (%) 10 (20.2) E(10000 1S (4T) 4 (100.00 14(933) 25T 1(143)

(50,09 N3N NS
0T BOLED
17(36.7  25(64.1)
16 (33.3) 24 (61.5)

1
i}
0
0
0
0 HE6T D564
0
i}
0
0

Month 15 o (%) 10 (®0.9) E(l000)  13(4.T) 4 (10000 14(933) 2T ] 14 (467  I2(384)
Mmh4  n(%) 10®0.8)  E(1000) 1E@4T) 4 (100.0) 14(933) 2057 o
Meath30  n(%) $(455)  S(625)  10(524) 4 (100.0) S(80.0) 14 (50.9) 0 % (30.0) 14 (358
Moazh 36 B (%) 5(45.5)  4(50.0) 9 (47.4) 2(50.0) THET) 11478 o T{53.3) 110283
Moazh 42 o (%) 20180 1125 3(15.8) 2(50.0 4(26.7) IELT) ] 4(13.3) (128
Moath 48 o (%a) L] [ 0 2 (30,0 2(13.3) 2087 1] 2 (6.7) 2 (5.1}
Teial duration of follow-up post DPI (moaths)
N 10 B 18 4 14 e 10 1 24 33
Mean 30084 32.00 3138 B34 3204 3241 533 302 2186 175
)] 0778 (7.358) (7.308) (10.587) (8962 (8.249) (4.311) ) 15247y (14.563)
Misdian .59 3248 3211 B9 3210 3211 559 3m 23.70 .15
Min Max 13.1.419 238,415 131419 2.8.477 231477 23.1.47.7 0.8, 13.2 30.30 0.8.47.7 08477
4
Data as of 22 Februa ry’/\ 8 for Study HGB-207 and 07 March 2018 for all other studies
.
Outcome estimation
Trans ndependence

The définition of transfusion independence (TI) requires 12 months without any pRBC transfusions while
maintaining a weighted average Hb of 29 g/dL after a preceding 60 days without any pRBC transfusion.
Therefore, no patients in Study HGB-207 were yet evaluable for TI at the 22 February 2018 data cut due
to insufficient follow-up time in the parent study.
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Figure 11: Duration of Transfusion Periods for Patients from Parent Studies HGB-204 and
HGB-205 Through Last Available Visit in Study LTF-303, by Patient

A: Non-pY/p" Subjects

Subject 1D

Genotype K
nonBYER

T T T T T
4] 10 20 an 40 30 \Q

Mortths Post Drug Product Infusion 0
W Pediod before ksl pREC Iransfeson B Period alter kst pRBC transhision |

B: pY/p" Subjects

=
g
=
3
7]

T T T T T T

0 ] 12 18 24 30 <] 42 28

Moniths Post Drug Product Infusion
[m Period before last pRBEC lransfusion M Period afler last pREC ranshusion |
Data as of 07 March 2018 U

Table 26: Proportion of Pas Who Achieved Transfusion Independence at Any Time, by
Parent Study and Geno&e TP from Studies HGB-204 and HGB-205)

Subjects with TI at Any Time during Parent Study
or Long-Term Follow-up
HGB-204 HCB-205 Orverall
All All
Non-fE° | pUR Cenotypez | Non-§YF" | Non-B*B" | Genotypes
Parameter | Statiztics N=10 |(N=8 [(N=18) N=4) N=14) |(N=1I)
Ohearall H 10 A 18 4 14 LA
o (%) 03000 (20250 |10q356) | 37ROy |11(088) |13(3%.1)
Lower 1-sided 95% (T | 493 46 341 M9 534 385
Jzided 95% CI 444,075 [32,651 308,785 |194. 904 (4920353 |364,793

Data as of 07 March 2018,
Sowmee: Table 2.2.2.1
Abbrev_: CI confidence interval; TL transfusion mdependence; TP, Transplant Population

HNote: The Clopper-Pearson Exact method 15 nsed to calculate the lower 1-sided 95% CI and the 2-sided 95% CI
for the proportion of subjects meeting this criterion.

For patients of non-B%/B° genotype treated with Zynteglo in studies HGB-204 and HGB-205, 11 out of
14 patients (78.6%; 95% CI of 49.2% to 95.3%) met the definition of TI at any time, with similar
proportion of non-B%/B° patients meeting the definition of TI at any time across the 2 studies (8/10, 80%
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for Study HGB-204; 3/4, 75% for Study HGB-205). Only 2 out of 8 B%/B? patients (25.0%; 95% CI of
3.2% to 65.1%) met the definition of TI at any time.
Characterisation of Transfusion Independence (Secondary Efficacy Endpoints)

Table 27: Time from Drug Product Infusion to Last pRBC Transfusion, and Time to Reach
Transfusion Independence (TP; TI Patients Only)

HGB-204 HCE-10s Overall
All All
Non-B°B° | VR Genotyper | Non-fYE" | Non-fF° | Genotypes
Parameter Statizties |(N=10) [(N=8) (N=185) N=4) N=14) |(N=11 6
Time from DPI to last | W g 2 10 3 11 13 ,
pREC transfusion Mean 233 1038 3o 032 1.78 3.13
prer to T (monthes) (5N {2 .098) (12406) [{5.712) {0.137) (1.997) (5201}
Median 200 1038 2350 036 .46 0.82
Mim Max 03,58 18,194 03,194 0204 0.2, 58 0.2,194
Time to Reach T1 N B 2 10 3 11 13
(months) Mean 17.60 26.60 1940 1513 1653 1842
sD) |esan |a2ses |6150)  |wd0n |4 |G
Median 17.10 26.60 17893 1490 15.60 1550
M Max (150,209 | 175,357 |150,357 (149 156 |145 209 |149 357

Data as of 07 March 2018
Source: Table 2.2.3
Abbrev: DPI, drug product infusion; pRBC, packed red blood cells; T, transfosion independence; TP, Transplant

Population
-

O

For non-B0/B0 patients who achieved TI at Mne (N = 11), median (min, max) duration of time from
drug product infusion to last pRBC trans aﬁ was relatively short for all patients, at 0.46 (0.2, 5.8)
months. Median (min, max) time to re as 15.60 (14.9, 20.9) months. The 3 non-B0/B0 TI patients
from Study HGB-205 were on the nd of this range for time to reach TI, reporting times of 14.9,
14.9, and 15.6 months. For th /B0 patients from Study HGB-204 who achieved TI at any time,
duration of time from drug pQ infusion to last pRBC transfusion was more variable at 1.8 and 19.4
months, with time to reacNI of17.5 and 35.7 months.

Duration of Tran§f ndependence

The duration of T w@$ analysed using Kaplan-Meier methods, which allows for the censoring of TI at the
last Hb asses %Q If TI is maintained through all Hb assessments, as the true duration of TI cannot be
determine patients continue to maintain their TI status through latest study visit. By assuming
TI end e last Hb assessment, the observed duration of TI can be calculated.
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Table 28: Duration of Transfusion Independence, by Parent Study and Genotype (TP; T1

Patients Only)

HGB-104 HGB-105 Overall
Al Al Al
Non-f"§"  pUp* Genotypes | Gemotypes |Non-f'F*  Genotypes
Parameter | Statiztic N=10) MN=5 WN=18) N=4) N=14) M=11)
Dhoation | # of events 0 1 1 0 0 1
of  |#of censored |8 1 9 3 11 12
(months)' |54 percentile |- 161 - ] i i
(95%CT) - - (16.1,-) - - (151, -
Median - 161 - - - -
(95%CT) - - (16.1,-) - - é
75th percentile |- 161 - - - - @
(95% CT) - - - - - - v 6
Min Max 161+, 381+ 144+ 161 144+ 181+ (264« 450+ | 161+ 450+ 144« 450+ K\
Obzerved |N -4 2 10 3 11 13 )
Dlraﬁ.un Mean 2749 15325 2504 3330 i 28.10
?:TI . |(sD) (90100 (1.202) (9.483) (10.333) (10.182) (10511)
(months)l' | 3o gian 3260 15325 2490 4330 3270 3250
Min Max 161,381 144 161 144381 (264 450 161,450 144 450

Diata as of 07 March 2013

Sowrce: Late Brealing Table 223

Mote: Transfusion mdependanca (T1) 15 defined as a weaghted average Hb =9 g/dL. wathout any BBC transfinsions

for a continuous penod of >12 months at aoy time durng the study afier dmug product mfusion. Time penod of
T1 vall start when subjects achieve an Hb =9 g/dL. wath no transfusions m the preceding 60 davs.

! If a TT were maintained through all Hb assessments, the dwration of TT will be censored at the last Hb assessment
date. The + sign mdicates a value 15 censored. The duration of T1 begins wath i (the tme when Hb 1= frst ==9
g/dL with po fransfusions m the precedmg 61 days) and ends at the tme pomnt when mbject recerves a ransfision
or the weighted averags Hb falls below 9 g/dL, whichever 1= earlier. Number of events 1= the mumber of Tls that
are coafirmed ended at a Hb assessment. Mumber of censored 15 the oumber of Tls that are maintamed through the
last Hb assessment. When a T1 15 censorad, the true duration of T1 1= unobserved and is longer than the duration
from t) o the last Hb assessment

! Sensitivity anatysis of TI assaming TI ended at the last Hb assessment date for censored Tls.

N4

All non-B%/B0 patients who have P@ed TI at any time (N = 11) have maintained their TI status through
all Hb assessments; thus, th ion of TI was censored at the last Hb assessment and no events for
loss of TI have yet been \ﬁ)r d. For these 11 non-BY%B° patients who achieved TI at any time, the
median duration of TI ot reached and the range for the duration of TI to date was 16.1+ to
45.0+ months. Medi erved duration of TI was 32.70 months. The true duration of TI would be
longer than thes ers reported.

No patients @EO genotype were TI at Month 24. One (1) B%/B° patient had achieved TI during the
parent t@ 17.5 months post-drug product infusion. However, they received a single pRBC
tran ue to an acute event of Cat Scratch Disease prior to their Month 21 Visit and thus lost TI
statusNAt Month 24 they had not yet been followed long enough to regain TI status. Another B%/B° patient

achieved TI at approximately Month 36, which was the last scheduled visit completed for this patient.
Weighted Average Haemoglobin during Transfusion Independence

For non-B%/B° patients who achieved TI at any time (N = 11), median (min, max) weighted average Hb
during TI was 10.64 (9.3, 13.1) g/dL. For the 2 B%/B° patients who achieved TI at any time, their weighted
average Hb during TI was 9.8 and 10.1 g/dL. For all patients who achieved TI at any time, during TI
their weighted average Hb consists of Hb produced from transgenic and endogenous Hb fractions. This
weighted average Hb was generally equal or greater than their baseline pre-treatment weighted average
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nadir Hb that was primarily due to chronic pRBC transfusions. These baseline average nadirs ranged
from 7.0 to 10.8 g/dL for non-B°%/BP patients and was 9.6 or 9.3 g/dL for the 2 B%/B° patients, respectively.

The non-B%/BP patients from Studies HGB-204 and HGB-205 who have achieved TI at any time reported
median (min, max) total Hb levels of 10.20 (8.6, 13.4) g/dL at Month 6 (N = 11), 10.70 (9.1, 13.7) g/dL
at Month 24 (N = 11), and 12.00 (9.4, 13.5) g/dL at Month 36 (N = 7). Four of these 11 TI patients
reported total Hb levels within normal range (respective of their gender) at last visit.

Ancillary analyses

Predicting TI Status in Study HGB-207 From Observed HbAT87Q at Month 6 and Month 9% Non-
B°/B° Patients

Maximum likelihood estimators from fitted logistic regression models (shown in PD sectio@@e applied
to predict the probability of achieving TI at any time or Month 24 for patients in St B-207 with
observed HbAT87Q data at Months 6 and/or 9. The model based on month 6 dat@edicted that 5/6
patients in Study HGB-207 will have approximately 99% probability of achievi \@( any time or Month
24. Results for achieving TI at any time are summarised in Table 29, and obr&ed HbAT®7Q values and
predicted probabilities are combined and presented in Figure 12.

Table 29: Predicted Probability of Achieving TI of Study HGB-M7%ents

Using Observed Values at Month 6 Using Observed Value at Month 9
Subject ID 1[0{-191.6: Predicted Probability of TI at llot:lell'.-': Predicted Probability of TI at

Any Time Any Time

0.9955 0.9850

0.6574 0.5737

0.9979 0.9951

0.9919 NA

0.9949 NA

0.9959 NA

o

Data as of 22 February 2018 for Study@W and 07 March 2018 for all other studies

Figure 12: HbA™87Q ovekTi n Peripheral Blood with Predicted Probability of Achieving TI
(TP; HGB-207) m\

10 4
Prob=09510

ot g Brob=0.9244
T Prob=0 9956

-——— =

HbATE7Q Ceoncentration (g/dL)

53 =] 12
Months Post Drug Product Infusion
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Data as of 15 May 2018

Note: Individual patients are indicated by different colors. Patients achieving TI are represented with solid lines,
patients not achieving TI are represented with dotted lines, and patients not having sufficient follow-up to be evaluable
for TI are presented with dashed lines.

Transfusion Reduction (Phase 1/2 Studies HGB-204 and HGB-205)

The 3 non-BY%/B° patients from Studies HGB-204 and HGB-205 who have not achieved TI at any time
(2 from Study HGB-204 and 1 from Study HGB-205), their percent change in annualized transfusion
volume from the period from 6 months post-drug product infusion through Month 24 as compared to
annualized baseline pre-treatment transfusion requirements was -26.8%, -86.9%, or -100%,
respectively, and they had 3, 11.9, and 13 fewer transfusions per year for the period from nths
post-drug product infusion through Month 24 as compared to baseline, respectively. Al atients
maintained similar levels of transfusion reduction from end of the parent study at Month\ rough last
study visit.

Transfusion Reduction (Phase 3 Study HGB-207) QO

For the interim analysis, data were not available to analyse the whole time @,’therefore, annualized
transfusion requirements for the following time periods were compared: 2@ prior to study enrolment
versus hospital discharge after drug product infusion through the lastgvisit™Eight patients in the TP had
a “hospitalization for drug product infusion” discharge date, 7 out Katients had 100% reduction in
annualized transfusion volume and frequency from hospital % arge through last study visit as
compared to pre-enrolment transfusion requirements, with@q d average nadir Hb of 211.1 g/dL,
which is greater than their pre-enrolment weighted av a dir Hb, indicating that these are likely to
be meaningful reductions in transfusion requirements.

Total Haemoglobin for Transfusion-free Pati

e All transfusion-free non-B°%/B° patien ad their last pRBC transfusion by <178 days post-drug
product infusion and remained sfusion-free at last study visit. (A patient is considered
transfusion-free if they have at uous period of =12 months without a pRBC transfusion.)

e Out of the 12 transfusio non-B°%/B° patients from Studies HGB-204 and HGB-205, 11
patients (92%) report otal Hb levels 29 g/dL during the majority of their transfusion-free
period, with 4 patient orting total Hb levels within normal range (respective of their gender)
at last visit.

e One non-p¢ lent in Study HGB-207 is transfusion-free and this patient reported total Hb
levels ga rom 10.6 to 13.3 g/dL post-drug product infusion; their Hb level has been within
norm e since Month 6.

Chang i@on Burden

Iron oad during the study was evaluated by assessing LIC and cardiac T2* by MRI or SQUID, and
serum ferritin, serum iron, transferrin, and transferrin saturation in peripheral blood.

In HGB-204: a transient increase in iron burden (as deduced from LIC and serum ferritin levels) was
observed in several patients at app. 12 months post DPI, presumably due to pre-treatment
hypertransfusion and/or delay in restarting chelation regimens after Zynteglo infusion, and to the effect
of myeloablation and transplantation. Cardiac iron content was evaluated by MRI at Baseline (last value
prior to conditioning), Month 12 and Month 24. No trend in cardiac iron content is observed. Median %
change from Baseline to Month 24 value is -5.26% for patients who achieved TI at any time during the
study (N=9) versus 0% change for patients who did not achieve TI.

The majority of patients who achieved TI and who were evaluable in study HGB-204 showed
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improvements in ferritin (7/8 patients), serum transferrin (7/9 patients), serum iron (7/9 patients), and
transferrin saturation (5/7 patients). The decrease in ferritin levels are generally greater for patients
who achieved TI status versus patients who did not achieve TI status by Month 24: median change from
Baseline at Month 24 was -26.1% for TI patients, versus -5.1% for non-TI patients, although results
were variable between patients.

For study HGB-207, iron burden was not analysed in the interim CSR, due to the limited time of follow
up. As of the data cut for the interim CSR, 2 out of 10 patients had re-started iron chelation after drug
product infusion (follow-up of app. 7 and 12 months after drug product infusion).

Summary of main studies é

The following tables summarise the efficacy results from the main studies supporting present
*

application. These summaries should be read in conjunction with the discussion on ¢ \ efficacy as

well as the benefit risk assessment (see later sections).

Table 30: Summary of Efficacy for the pooled efficacy analysis of pati ﬁQQted in studies
HGB-204 and HGB-205: es\'

L
Title: Pooled Efficacy Analysis @
Study identifier Pooled Efficacy Analysis $
Design Phase 1/2 Studies non-B%/B° Pooling (HGB HGB-205 TDT patients) including
long-term follow-up data for these patiegtsn F-303 will be the primary analysis
set, HGB-207 was not included du\t@e limited follow up.
Study start: HGB- 4:\95 September 2013

:07 June 2013
xUF—303: 06 January 2014

Study Completioe' Q HGB-204: 21 February 2018 (Last patient/last visit),

O HGB-205: ongoing; 11 October 2017 (data cut date for
K pooled analyses)
\Q LTF-303: ongoing; 07 March 2018 (data cut date for
[o.\ pooled analyses)

Hypothesis + o
Treatmentsgrqu;% A Single arm

O

Endpoi @v Primary ITI (transfusion defined as the proportion of patients with a
defifiti endpoint independence) weighted average haemoglobin (Hb) =9
g/dL without any pRBC transfusions for a
continuous period of =12 months at any
time during the study after Zynteglo
infusion
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Secondary TR defined as the proportion of patients with at
) least 60% reduction in transfusion
endpoint . .
requirements compared to that in the 2
years prior to study enrolment
Secondary Characterization of TI (duration, time to achievement, time from
. infusion to last pRBC transfusion, weighted
endpoint . . . .
Hb during TI, proportion of patients with TI
at Months 18 and 24 A
Database lock Data cut date of 7 Mar 2018, only HGB-207 had data cut date of 22 Febew
= *
Results and Analysis .r\‘%
Analysis description Primary Analysis ('\\
Analysis population and Transplant Population (TP): All patients in the ITT, \Eﬂ)n who
time point description underwent Zynteglo infusion. ‘\
Descriptive statistics and [Treatment group Non-BO/Wb\J
estimate variability K
)]
Number of patients Ql
TI O\ 11 (78.6%)
2-sided 95%CI ()\ 49.2%, 95.3%

TR in patients that d@t achieve

TI at any time m
- % chanieiinu alized -26.8%,

transfusi me from the period -86.9%,
from 6_m s post-DPI through -100%
Mon % as compared to

a ized baseline pre-treatment

t usion requirements:

o

. Q - fewer transfusions per year for 3,
. C)\ the period from 6 months post-DPI 11.9,
6\ through Month 24 as compared to 13
baseline
4
Observed duration of TI* Median (min, max): 32.7 (16.1, 45.0)

* median duration of TI not reached

Time to reach TI (months) Median (min, max): 15.6 (14.9, 20.9)

weighted average Hb during TI 10.64 (9.3, 13.1) g/dL
median (min, max)
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median Total Hb (g/dl) during TI Month 6 (n=11): 10.20 (8.6, 13.4)

min, max
( ) Month 24 (n=11): 10.70 (9.1, 13.7)

Month 36 (N = 7): 12.00 (9.4, 13.5)

Clinical studies in special populations

Study HGB-204 included 3 adolescents (out of 18 patients total), study HGB-205 included 2 adolescents
(out of 4 patients total). Study HGB-207 is ongoing, as of the data cut on 22 February 2018, 4 out of 10
included patients were adolescents. It is noted that HGB-207 is designed to include 2 cohorts of patients
with TDT of non-B%/B° genotype: Cohort 1 should include at least 15 patients =12 and <50y age,
and Cohort 2 should include at least 8 patients <12 years of age.

L 2
Moreover, it is noted that the oldest person included in All Studies and all genotypes @35 years old.
The oldest non-B%/B° patients was 34 years old (included in HGB-204).

AVA\
Age 65-74 Age 75-84 Age 85+
(Older patients (Older patients (Older patients
number /total number /total number /total
number) number) number)
Controlled Trials 0 0 0
Non Controlled 0 0 0
Trials

Supportive study QO

Long-term Follow up study LTF-303 c’)\'

This study is a multi-center, long-ter afety and efficacy follow-up study. After monitoring of a patient
in the parent study was completed %| 2 the parent study includes approximately 2 years of follow-up
after drug product infusion), pa -Q@ were eligible to enrol in Study LTF-303. During Study LTF-303,
patients were followed every, onths from 2 years through 5 years post-drug product infusion and
then annually from 5 yeaﬁ\th gugh 15 years post-drug production infusion for a total of 13 years of
follow-up in Study LTF ¥ The study started on 06 January 2014 (First patient signed informed
consent). The integi Data Cut Date: 21 November 2017 (After first patient with TDT treated with

Zynteglo in pa;erc’ completed the Month 48 Visit). Study LTF-303 continues to be ongoing to date.

Seventeen p@s with TDT treated with Zynteglo (13 from Study HGB-204 and 4 from Study HGB-
205) cans o enrol in Study LTF-303, and all of these patients continue to participate in Study LTF-
303 as data cut for this interim CSR, with a median (min, max) follow-up time of 29.93 (23.1,
47.3) ths post-drug product infusion. Three patients with TDT treated with a related drug product
manufactured from the HPV569 LVV encoding BA™87Q-globin (all from Study LG001) consented to enrol
in Study LTF-303. One of these patients subsequently met the VCN discontinuation criterion and was
discontinued from the study. The other 2 patients have been followed for approximately 5 or 10 years
after drug product infusion.

Of the 17 enrolled Zynteglo-treated patients with TDT, 13 were female (76.5%) and 4 were male
(23.5%). Median (min, max) age at consent or assent in parent study was 20.0 (16, 35) years; 14
patients were >18 years of age (82.4%) and 3 patients were adolescents (17.6%). Twelve patients
identified as Asian (70.6%) and 5 patients identified as White (29.4%). Eleven patients were of non-
B%/B% genotype (64.7%) and 6 patients were of B%/B° genotype (35.3%). The 2 eligible patients treated
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with the related drug product manufactured from the HPV569 LVV enrolled in Study LTF-303 had the
following demographic characteristics were young adults and of BE/B° genotype.

Summary of Efficacy for LTF-303 as of 21 November 2017:

Transfusion Independence and Transfusion Reduction

Out of the 17 treated patients with TDT, 10 patients (all with non-B%/B° genotype) were TI upon
entry into Study LTF-303 at Month 24. For patients who have additional follow-up in Study LTF-
303 beyond entry at Month 24 (i.e., have completed at least their Month 30 Visit; N = 12 [7 TI
and 5 non-TI]), the TI status achieved by the end of the parent study at Month 24 (either TI or
non-TI) has been maintained for each patient throughout Study LTF-303.

For patients who have achieved TI (N = 10), the median (min, max) duration of T@s 30.00
(17.1, 45.0) months as of the data cut, which includes the patient who has beefi ed for the
longest time (with last scheduled visit completed of Month 48). For the 7 T iehts who have
completed at least their Month 30 Visit, the weighted average Hb ranged
for the period from 6 months through last visit, as compared their Hb
with weighted average Hb ranging from 9.4 to 13.2 g/dL for the pegio

uring parent study
om 6 months through

end of parent study at Month 24. @
For the 7 patients who have not achieved TI (1 non-B%/(° an 0/B%), 6 patients have completed

at least their Month 30 Visit and their annualized pRB fusion requirements (volume or
frequency), and weighted average nadir Hb, were relati table from end of the parent study
at Month 24 through long-term follow-up (up to M . Two of these patients appear to show
a sustained decrease in pRBC transfusion reqty ents during Study LTF-303 compared to
requirements in the parent study but shoul followed for a longer period of time to confirm
this trend. Overall, for non-TI patientsQ 7), reductions in annualized pRBC transfusion
volumes from 6 months through lastyvisitNas compared to pre-treatment requirements ranged
from 40.1% to 100%, with 1 B%/B° Z%t achieving <50% (40.1%), 1 B%/B? patient achieving
>50% to <60% (52.8%), 2 BYR? ents achieving =260% to <75%, 2 B%/BP° patients achieving
>75% to <90%, and 1 non- atient achieving 100% reduction.

Iron Burden

Only 4 patients hxde@ for LIC beyond Month 24. For the 2 of these patients who had LIC
values >7 mg/% threshold at which organ damage generally occurs) at baseline, both
showed de;r n LIC over time, with the patient with the longest follow-up showing the
biggest i ment in LIC.

R

For t?& ients with available data for cardiac iron content beyond Month 24, there was not a
d across patients for change in cardiac T2* values, with all patients maintaining normal

den.

cl
@z& >20 ms. The patient with the longest follow-up showed improvement in cardiac iron
p

All 7 TI patients who have additional follow-up in Study LTF-303 beyond entry at Month 24
showed lower serum ferritin values at last visit as compared to Month 24. In particular, the TI
patient with the longest follow-up showed a reduction in serum ferritin levels from 1393 pmol/L
at Month 24 to 465 pmol/L a Month 48, reaching well below serum ferritin levels typically
associated with clinically significant iron overload. For the 5 non-TI patients who have additional
follow-up in Study LTF-303 beyond entry at Month 24 (N = 3 with last scheduled visit completed
of Month 30 and N = 2 with Month 36), there was no clear trend across these patients for change
in serum ferritin levels at last scheduled visit completed as compared to Month 24.
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Dyserythropoiesis

e The 7 TI patients, all of whom were of non-B%/B° genotype, who have additional follow-up in
Study LTF-303 beyond entry at Month 24, maintained the pattern of reticulocyte/erythrocyte %
established by the end of the parent study, with 4 patients having normal or near normal %,
and 3 having higher than normal %.

For patients treated with the related drug product (N = 2):

e Neither of the 2 patients were able to achieve a stable total Hb =9 g/dL in the absence of pRBC
transfusions during long-term follow-up.

2.5.3. Updated data on efficacy parameters: 13 December 2018 @é

An additional data cut was performed of the HGB-207, HGB-212, and LTF-303 cli i tabase on

13 December 2018. A total of 48 patients with TDT have been treated with Zyntegl followed for up
to 60 months (up to 22 months in Phase 3 studies) as of 13 December 2018, i@% patients =12
years of age with TDT (32 patients with a non-B°%/B° genotype and 10 patient & a B%B° genotype).

Below is a brief overview of the baseline characteristics and efficacy analfsiseas of 13 December 2018,
based on 32 adult and adolescent patients with TDT and a non-B%/B2 genétype treated with Zynteglo
(N=10, HGB-204; N=4, HGB-205; N=15, HGB-207; N=3, HGB-Zl@

Table 31: Baseline characteristics for non-p°/B° pati with TDT =12 years of age treated
with Zynteglo (Studies HGB-204, HGB-205, HGB-Z\ GB-212, LTF-303)
Study Total Age Pnrolment Pre-enrolment
number of (years) t fision volumes transfusion frequency
patients median (mL/kg/year) (number/year)
(young (min, max) B\Jnedian (min, max) median (min, max)
adults/ <
adolescents) 0
HGB-205 4 QQ 181.85 12.50
(2) _§ ts/ (138.8, 197.3) (10.5, 13.0)
lescents
HGB-204 10 % 19.5 151.28 13.75
(2) \ (16, 34) (140.0, 234.5) (10.0, 16.5)
HGB-207 @‘ 20.0 192.92 17.50
\\Q (12, 34) (152.3, 251.3) (11.5, 37.0)
HGB-212 |, (.8 young 175.51 21.50

4 \ (1) adults/ (170.7, 209.6) (17.5, 39.5)
adolescents

Adol ts were excluded from Phase 3 studies if they had a known and available HLA-matched related
HSC donor. The median (min, max) age in the studies was 19.0 (12, 34) years, 56.3% were females,
59.4% were Asian, and 40.6% White/Caucasian. All patients had a Karnofsky performance score =80
and the majority had a performance score of 100 at baseline. Cardiac T2* at baseline was >20 msec.
The median (min, max) serum ferritin at baseline was 3778.7 (784, 22517) pmol/L and median (min,
max) liver iron concentration was 6.75 (1.0, 41.0) mg/g (N=10, HGB-204; N=4, HGB-205; N=15,
HGB-207; N=3, HGB-212).

Transfusion Independence:

In total, 15 out of 19 non-B%B° patients have achieved TI (78.9%; 95% CI of 54.4% to 93.9%),
suggesting that the great majority of patients with a non-B%/B° genotype treated with Zynteglo will
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achieve TI. All non-B%B° patients who achieved TI have maintained TI. The observed duration of TI
ranged from 12.0 to 56.3 months post-drug product infusion.

Most non-B%/B° patients treated in Studies HGB-204 and HGB-205 (11/14, 78.6%; 95% CI of 49.2% to
95.3%) have achieved TI (see Table 32 below). Among the 11 non-B%B° patients treated in Studies
HGB-204 and HGB-205 who achieved TI, the median (min, max) weighted average Hb during TI was
10.51 (9.3, 13.2) g/dL. These patients have all maintained TI, with a min, max duration of TI of 21.2 to
56.3 months as of 13 December 2018 (see Table 33 below). Median (min, max) time to last RBC
transfusion was 0.46 (0.2, 5.8) months following Zynteglo infusion.

The non-B%/B° patients who did not achieve TI in Phase 1/2 studies were either producing relatiyely low
amounts of HbAT87Q (2 patients with 0.97 and 3.64 g/dL at last study visit, respectively) or low éunts
of endogenous HbA (1 patient with 6.72 g/dL of HbAT87Q at Month 24 but 1.0 g/dL of endo us HbA
at Month 24) compared to the other non-B%/B° patients. ¢

N\
o

Table 32: Proportion of patients who achieved transfusion independﬁ@any time, by
parent study and genotype (TP from phase 2 studies HGB-204 and 5

Subjects with TI at Any Time during Parent Study
Statistics or Long-Term Follow-up
HGE-104 HGB-205 Overall
All All
Non-pYp" pYp* Genotypes| Non-pY/p" |Non-pYp°* |Genotypes
®=10) |(N=§) |¥=18) |(N=4) |®=14) |[N=22
N 10 8 18 4 14 22
n (%) 8(800y [3(37.% 11 (61.1) [3(75.0) 11(78.6) |14(63.6)
Lower 1-sided 95% CI  |493 11.1 302 249 534 439
2-sided 95% CI 444 075 [B5.755 |357,827 [194,994 (402 953 |40.7, 828

Data as of 13 December 2018.

Source: Day 120 PDVSCE Table 2.2.3.1

Abbrev.: CL confidence mterval; TL transfision independence; TP, Transplant Population.

Transplant Population is defined as all subjects who received Zynteglo.

Note: The Clopper-Pearson Exact method 15 nsed to caleulate the lower 1-sided 93% CI and the 2-sided 95%
CI for the proporfion of subjects meeting this ciiterion.

\ O
\O
\Q
&
’\C)\
DO

Q
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Table 33: Duration of Transfusion Independence, by Parent Study and Genotype (TP; T1
Patients Only)

Phase 1/2 Phase 3 All Studies
HGB-204 HGB-205| Overall | HGB-207
All
Non-p"/p° | p%p° Non-p%p" | Non-p%p’ | Non-p%/p° | Non-B*/B° | Genotypes
Parameter | Statistic (N=10) |((N=8) |(N=4) |(N=14) |(N=15) |(N=32) |(N=42)
Duration | # of events 0 1 0 0 0 0 1
of TI # of censored |8 2 3 11 4 15 17
(months)’ 25th percentile | - 16.1 - - - - -
(95% CI) - (16.1.-) |- - - - (16.1. -)
Median - - - - - - -
(95% CT) - (16.1.-) |- - - - -
75th percentile | - - - - - - -
(95% CT) - (16.1,-) |- - - - -
Min, 21.2+, 16.1, 34.9+, 21.2+, 12.0+, 12.0+, 12.0+,
Max 453+ 208+ [56.3+ 56.3+ 18.2+ 56.3+ 56.3+
Observed |N 8 3 3 11 4 15 18
Duration | Mean 36.39 17.77  |47.43 39.40 14.35 32.72 30.23
of TI (SD) (8.659)  [(2.631) [(11.161) [(10.199) |(2.909) |(14.408) |(14.306)
(months)® "y ion 37.95 1640 [51.10 38.00 13.60 34.90 30.00
Min, Max 212,453 |16.1, 34.9.56.3 [21.2.56.3 [12.0.18.2 [12.0,56.3 |12.0.56.3
20.8

Data as of 13 December 2018.
Study HGB-207:

S
A total of 4 out of the 5 TI-evaluable patiﬁ'ac ieved TI (80.0%; 95% confidence interval [CI] of

28.4% to 99.5%). Median (min, max) tis

months post-drug product infusion w

months and median (min, max) wei
patients who were predicted to

reach TI for these 4 patients was 15.15 (15.0, 16.2)
in, max observed duration of TI to date of 12.0+, 18.2+

average Hb during TI of 12.42 (11.5, 12.6) g/dL. Notably all
TI based on PD modelling that have become evaluable for TI (N

predictive value of the logistic regression models (see figure below).

= 3) have achieved TI, vaIida@e

For the 6 additional non%& patients 212 years of age (in Study HGB-207) with Month 6 HbAT87Q data,
the updated Iogisti‘c r ion model was applied to predict the probability of achieving TI by Month 24
and at any time. E} predict that they have an approximately 98% or higher probability of achieving
TI by end of

Of the 11 BO patients =12 years of age who have completed at least their Month 6 Visit in Phase
3 studi atients (90.9%) have achieved TI (n = 4) or are predicted to achieve TI (n = 6), including
2 pa with the severe non-B° IVS-I-5 mutation (1 patient with IVS-I-5/IVS-I-5 and 1 patient with
IVS-I1-5/B%) who produce approximately 0.3 g/dL or less of endogenous HbA in the absence of pRBC

transfusions (1 patient who has achieved TI and the other predicted to achieve TI).
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Table 34: HbAT87Q over time in peripheral blood with predicted probability of achieving
transfusion independence

HeATETO Concantration [gidl)
@ m

Woniis Fost Doag Product Infesion

Data as of 13 December 2018
Source: Day 120 PD/SCE Figure 2.2.15
Abbrev_: Prob = probability of achieving transfusion mdependence
Note: Subjects achueving TI are represented with solid lines, subjects not achieving TI are represented with
dotted lmes_ and subiects not having sufficient follow-up to be evaluable for TI are presented with dashed lines.
Subject showed a decline in HbA™™? after resuming regular pRBC transfisions at approximately
13 months post-dmg product mfiision. All other subjects have not received any pRBC ransfusions since lass
than 2 5 menths post-dmg product mfusion

Y

Non-B%/B° patients from Studies HGB-204 GB-205 who have achieved TI at any time reported
median (min, max) total Hb levels in the ce of transfusions of 10.70 (8.6, 13.4) g/dL at Month 6

(N = 9), of 10.70 (9.1, 13.7) g/dL at 4 (N = 11), 11.40 (9.1, 13.5) g/dL at Month 36 (N = 10),
and 11.10 (10.4, 13.7) g/dL at M (N = 5).

Haemoglobin levels in TI patients

For the 4 non-B%B° patients Study HGB-207 who have achieved TI (which included a patient
homozygous for the severe variant IVS-I-5), median (min, max) total Hb in the absence of
transfusions at Month 6%2. 0 (11.5, 13.3) g/dL. Patients from Study HGB-207 do not yet have Hb
data for Month 24 or , but available data at Month 12 for 8 patients from Study HGB-207 (TI and
non-TI) reported (min, max) total Hb values in the absence of transfusions of 12.40 (8.4, 13.1)
g/dL. Median6 emoglobin over time for non-B%/B° patients who have achieved TI is presented in
Figure 13.

@@
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Figure 13: Median total haemoglobin over time in non-B°%/B° patients with TDT treated with
Zynteglo who have achieved transfusion independence (Studies HGB-204, HGB-205,
HGB-207, LTF-303)
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3 6 9 12 15 18 21 24 30 36 42 48 54 60
Months Post Infusion
[--@-- HGB-204 --<4-- HGB-205 ---M-- HGB-207 |
Number of patients

HGB-204 5 6 8 8 8 8 8 8 8 7 5 3 1
HGB-205 3 3 3 3 3 3 3 3 3 3 2 2 2 1
HGB-207 3 4 4 4 4 2

v
Bars represent interquartile ranges OQ

Data as of 13 December 2018 \

Transfusion reduction in non-TI patients O

As of 13 December 2018, 5 out of 8 patie (ifgluding 2 out of 3 non-B%/B° patients) in Phase 1/2
studies who did not achieve TI attained a I-ggbreduction in pRBC transfusion volumes. Median (min,
e e 8 non-TI patients was —66.55% (—100.0%, —10.3%)
n through last follow-up as compared to their baseline
pretreatment transfusion require ~In the 3 Phase 1/2 non-B%B° patients who did not achieve TI,
reductions of 100%, 86.9% a 8% in transfusion volume requirements and of 100%, 85.3% and
20.7% in transfusion freq% re observed between Month 6 through Month 24 visit when compared
B

max) change in pRBC transfusion vol
from 6 months post-drug product g

to their pre-study level transfusions. For these patients, the >60% reduction in transfusion
requirements were asgsecigted with weighted average nadir Hb similar to pre-treatment weighted average
nadir Hb. Thus, V\7 '§t§he transduction efficiency in Phase 1/2 studies was not sufficient to provide
adequate ex%o of HbAT87Q to support TI in these patients, they still received clinical benefit with

transfusion r on.

For the %ents in Study HGB-207 who have completed at least their Month 12 Visit but have not
achi , 3 patients demonstrated 100% reduction in annualized transfusion volume, while the
remainihg patient had a 75.8% reduction.

Most non-B%/B° patients required pRBC transfusions for less than 6 months after drug product infusion
in Phase 1/2 studies HGB-204 and HGB-205 and less than 3 months after drug product infusion in Phase
3 study HGB-207. Median (min, max) time from drug product infusion to last pRBC transfusions for non-
B9/BO patients treated in Studies HGB-204 and HGB-205 was 1.95 (0.2, 31.6) months (N = 14) and for
non-B%/B° patients in Study HGB-207 was 0.95 (0.5, 19.7) months (N = 15).
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Use of Iron Removal Therapy

After Zynteglo infusion, patient iron levels were managed at physician discretion.

All patients in HGB-204 restarted iron chelation and continue to use iron chelators. One patient in HGB-
205 restarted iron chelation and continues to use iron chelators. Three patients in HGB-205 started
phlebotomy.

For HGB-207, of the 11 patients followed for at least 6 months after Zynteglo infusion, 6 patients did not
restart iron chelation or receive phlebotomy, 3 patients restarted iron chelation, and 2 patients received
phlebotomy to reduce iron levels. Of the 9 patients who have not received phlebotomy, 8 of these
patients have maintained a weighted average nadir Hb of >11 g/dL from hospital discharge p@st-drug
product infusion through last follow-up, which would be sufficient to stop chelation therapy port

phlebotomy. . 6

Change in Iron Burden

The majority of non-B%B° patients who have achieved TI in the Phase 1/2 ;are beginning to
demonstrate iron burden levels that are lower than their pre-treatment baseli \5 es at last follow-up.

At 48 months after infusion of Zynteglo for patients who achieved TI, th 1an reduction (min, max)
in serum ferritin levels from baseline was 75.02% (39.2, 84.8) (N=3[ HGB-204; N=2, HGB-205). The
median reduction in LIC from baseline was 67.14%, ranging froé83.3% reduction to a 269.2%
increase (N=3, HGB-204; N=2, HGB-205). Six of the 11 non-f atients from Studies HGB-204 and
HGB-205 who have achieved TI (with range of follow-up .8/to 58.6 months post-drug product
infusion) had an LIC value at last follow-up that was Iog@ their pre-treatment baseline value.

All 11 non-B%B° patients from Studies HGB-204 an B-205 who have achieved TI continue to have
normal cardiac T2* values (i.e., >20 ms) fr eline through last follow-up, with 6 patients
demonstrating a cardiac T2* value at last follew-up that was higher than their pre-treatment baseline.

Additionally, all 11 non-B%/B° patients fro ies HGB-204 and HGB-205 who have achieved TI had a
serum ferritin value at last foIIow-up&ﬁas lower than their pre-treatment baseline value (median
[min, max] serum ferritin at Baselko 3885 (1643, 8629) pmol/L.

There is not yet sufficient fol p in Phase 3 studies to make a determination on changes in iron
burden.

Dyserythropoiesis @.\

Exploratory anal : Qre performed to confirm resolution of dyserythropoiesis, the fundamental
physiologic ¢ 3 istic of TDT, in the bone marrow. Bone marrow biopsies taken before treatments
were consist ith a diagnosis of TDT, including a low myeloid/erythroid ratio (N=15, HGB-207),
reflecti§ @ythroid hyperplasia. For 8 patients who had sufficient on-study follow-up to obtain a 12-

mo w-up bone marrow assessment, myeloid/erythroid ratios for 7 patients increased from a
range .1 to 0.5 at baseline to a range of 0.6 to 1.9 approximately 12 months after Zynteglo infusion,
suggesting that Zynteglo improves erythropoiesis in patients with TDT.

Additionally, of the 11 non-B%/B° patients who have achieved TI in Phase 1/2 studies. 4 patients had
normal percent reticulocytes, 4 patients had no nucleated RBCs, and 5 patients had serum transferrin
receptor levels within normal range at last follow-up, indicating normalization of dyserythropoiesis for
these patients.

In summary, key pharmacodynamic and efficacy outcomes for non-B%/B° TDT patients treated with
Zynteglo in Studies HGB-204, HGB-205, HGB-207, and LTF-303 are included in Table 35.
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Table 35: Efficacy outcomes for non-B°/B° TDT patients treated with Zynteglo (Studies
HGB-204, HGB-205, HGB-207, LTF-303)

HbAT87Q HbAT87Q Hb (g/dL) Hb (g/dL) TI** WA Hb Duration
(g/dL) at (g/dL) at at at n/NA during TI of TI
6 months 24 months 6 months* | 24 months* (%) (g/dL) (months)
n n n n [95% CI] n N
median (min, median median median median median
max) (min, max) (min, max) (min, max) (min, max) (min,
max)

Study HGB-205
4 4 4 4 3/4 3 3

7.543 8.147 10.73 10.91 (75.0%) 11.30
(4.94, 9.59) | (6.72,10.13) | (7.6, 13.4) | (8.8, 13.6) [19.4, | (10.5, 13.0) ,
99.4] (}q +)

Study HGB-204

10 10 7 8 8/10 8 \J 8
4.153 5.418 9.20 10.35 (80.0%) 10. K NR
(1.03,8.52) | (1.10, 9.60) (7.7, 13.3) (9.1, 13.7) [44.4, (9. @) (21.2+,

97.5] " 45.3+)
Study HGB-207
11 NAX** 11 NAX** 4/5 4 4
9.494 11.90 (80.0% 12.42 NR
(3.35, 10.60) (8.4, 13.3) [28¢4, (11.5,12.6) | (12.0+,
p-s%} 18.2+4)

*Patients who have not received transfusions in the prior 60 days. U
**Transfusion independence (TI): a weighted average Hb =9 g/dL without C transfusions for a continuous period of
212 months at any time during the study after medicinal product infusiog’

***No patients are currently evaluable for these endpoints.

"N represents the total number of patients evaluable for TI, defined tients who have completed their parent study
(i.e., 24 months of follow-up), or achieved TI, or won't achieve TI in\f parent study.

NR= Not reached. Hb=Total Hb. WA Hb = Weighted average Ho

Data as of 13 December 2018 Q

Design and conduct of clini @ldies

2.5.4. Discussion on clinical effi

Efficacy results have been prese @Jr HGB-204, 205 and 207 presenting data from 32 patients of the
non-B%/B° genotype and 9 B° {enotype patients 12 years and older. The pivotal phase 3 study for
patients with a non-B%/B° n@e is the ongoing study HGB-207 conducted in Europe, US and Thailand.
During the clinical studi% process development has been optimised to generate maximum HbAT87Q
expression, this regu@ variations in the drug product between the studies.

All three efficaey (studies were single arm studies. The natural course of B-thalassaemia is well known

g‘able presentation over time, and patients do not spontaneously generate clinically
meaningf of HbA or become transfusion independent. This notion together with the within-patient
compar here two years of retrospective haematological data was collected from medical records

evaluation of transfusion requirements, reduces the need for a concurrent internal control to isolate the
treatment effect. This approach was discussed under the PRIME scheme. Allogeneic HSCT would not be
an appropriate control given that there are different conditioning regimens required; therefore allogeneic
HSCT is associated with a different benefit/risk as compared to autologous transplantation due to the
regimens’ different safety profile. The currently applied-for target population for Zynteglo are patients
for whom a HLA-matched related donor is not available. Standard supportive care with transfusion and
chelation would also 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
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in their transfusion requirements. Altogether, the single arm study design was agreed in a scientific
advice (EMEA/H/SAH/038/1/2015/PA/SME/ADT/II).

This Marketing Authorisation Application (MAA) applies for the treatment of patients with TDT who have
a non-BY%B% genotype. All patients were transfusion-dependent in accordance with study entrance criteria
for Studies HGB-204, HGB-205, HGB-207, and HGB-212, which included a requirement for patients to
have a history of pRBC transfusions of at least 100 mL/kg/year in the 2 years preceding enrolment, or
to be managed under standard thalassaemia guidelines with =8 pRBC transfusions per year in the 2
years preceding enrolment.

while maintaining a weighted average Hb of =9 g/dL after a preceding 60 days without a RBC
transfusion. The definition was similar across all clinical studies. For comparison, the kn rate of
achieving TI in patients with B-thalassaemia who have not received an allogeneic HSCT,i ro, as TDT
patients do not spontaneously become transfusion independent. Therefore, achievi maintaining
TI is attributable to the therapeutic effect of Zynteglo which is considered, cli y relevant. The
proposed secondary endpoints are considered adequate to provide additional . To reduce bias in
the open-label design the post-treatment transfusion guidelines were pre-@ ed in the protocol. As
patient serves as its own control and for reliability of clinical endpoints, (&a of utmost importance to
have a well-documented (and standardised) information on pre- baseliﬁ rahsfusion requirements. Thus,
centres were carefully selected in clinical trials. Only patients trea d followed for at least the past
2 years in a specialized centre that maintained detailed med|calrds on RBC transfusions, in-patient
hospitalisation and iron chelation history could be included i | studies.

The primary endpoint, transfusion independence (TI) requires 12 months without any pRBC traasfusion

Treatment was first offered to adults, then expanded to Qescents and then children, in a staggered
fashion, depending upon safety results in each age p. Age limits varied per study, e.g. study HGB-
205 included only patients with age between 16 Qrs and study HGB-204 included patients 12-35
years of age. Patients homozygous or heter@zygous for the B+ allele IVS I-110 (HGVS nomenclature:
HBB:c.93-21G>A) were excluded from stu -207. Similar to B° alleles, the IVS-I-110 mutation is
widely recognized as producing little @; obin (Borgna-Pignatti and Galanello, 2009), thus patients
with B%/IVS-1-110 or IVS-I-110/1VS- I% enotypes were grouped with the B%/B° patients in Study HGB-
212.

Efficacy analysis is based on @t and adolescent patients with TDT and a non-B°%/B° genotype treated
with Zynteglo (N=10, HG 4, HGB-205; N=15, HGB-207; N=3, HGB-212). The studied patient
number is relatively sm ven the substantial geographic, ethnic and genetic variation encompassed
by B-thalassaemia y. It is noted that the patients in the study were of multiple races and
nationalities, an multiple different genotypes with varying levels of endogenous [-globin
production, a \ the included patients do seem to reflect global diversity of TDT. Further, while it is
not possib clude all hundreds of mutations at the HBB locus which have been associated with the
phenot B-thalassaemia in a clinical trial, it is noted that patients with wide range of endogenous
B-glo roduction (from 0.4 to 5.1 g/dL; still meeting criteria for transfusion dependence) were treated.
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These endogenous B-globin production levels could be seen as representative for the range expected in
real world TDT patients.

Current treatment experience is limited to patients aged 35 years or younger. The comparison of the
<18 years vs =218 years of age subpopulations do not suggest a change in efficacy or safety by age (see
also discussion on clinical safety).

Efficacy data and additional analyses

The majority of patients with TDT who have a non-B%B° genotype treated with Zynteglo in study HGB-
204 and HGB-205 have achieved TI (11 out of 14; 78.6%). The achievement of TI is clinically meaningful
eliminating the need for regular blood transfusions and associated comorbidities due to iro oad.
Out of the 3 non-B%/BP patients from Studies HGB-204 and HGB-205 who had not achieved T4, sfusion
requirements were reduced by more than 60% in annualised transfusion volum ‘\%annualised
transfusion frequency in 2 patients. The percent change in annualized transfusion vol rom the period
from 6 months post-drug product infusion through Month 24 as compared to ed baseline pre-
treatment transfusion volume was 26.8%, 86.9%, or 100%. These patients r@&' d similar reductions
in annualized transfusion frequency for the period from 6 months post-dr&broduct infusion through
Month 24 as compared to baseline, with 3, 11.9, and 13 fewer transfusi r year (i.e., reductions of
20.7%, 85.3%, and 100.0%). K

Support of efficacy of Zynteglo is derived from the B%/B° patien n though only a minority of B%/B°
patients achieved TI, the 6 B%/B° patients in Study HGB-204 e not achieved TI did demonstrate
a median transfusion volume reduction of -63.30% (-76. .3%).

The primary endpoint of the phase 3 study HGB-207.has Rot been reached due to limited follow-up for
patients in this ongoing study. From all include Qﬂs (N=15), TI was evaluable for 5 patients of
whom 4 (80%) achieved TI. For the 6 non-R° B@tients >12 years of age (in Study HGB-207) with
Month 6 HbAT87Q data, the logistic regressi g<~pde| was applied to predict the probability of achieving
TI by Month 24 and at any time. Resu (’edict that they have an approximately 98% or higher
probability of achieving TI, including ient with an IVS-I-5/IVS-I-5 genotype and 1 patient with an
IVS-I1-5/B° genotype who produce imately 0.3 g/dL or less of endogenous HbA in the absence of
pRBC transfusions (1 patient whé\has achieved TI and the other predicted to achieve TI). Therefore, the
results appear to be in line wi ose of studies HGB-204 and HGB-205. Even so, it is important to keep
in mind that the predictiognNis dérived from a limited number of patients and hence accompanied with
uncertainty.

>
For the 4 patign &dy HGB-207 who have completed at least their Month 12 Visit but have not
achieved TI, \ nts demonstrated 100% reduction in annualized transfusion volume, while the
@‘v had a 71.4% reduction.

remaining@\
Due@ ited follow-up time, the majority of secondary endpoints could not be analysed in HGB-

207 a se compared data from the 2 years prior to enrolment with data from 12 months after drug
product infusion to Month 24. Moreover, it is expected that secondary endpoint analyses will be further
substantiated through the long-term follow-up study LTF-303 (specific obligation) and registry (Annex
IT condition). Data with respect to a decrease in iron overload is of interest. It is acknowledged that
reduction of the iron burden is a continuing process which takes time and thus requires long-term follow
up. Further, data from patients treated in Study HGB-204 showed that LIC transiently increases after
transplantation, with elevated levels observed at Month 12 before declining towards baseline at Month
24. Updated data indicate lower LIC and higher cardiac T2* values when compared to baseline levels in
6 of 11 patients treated in Studies HGB-204 and HGB-205 who have achieved TI, and lower serum ferritin
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levels in all 11 of these patients at last follow-up. These data suggest a trend towards decreasing iron
levels.

Of note, patients with severe iron overload for whom iron accumulation is hard to reverse were excluded
from the studies, e.g. patients with a cardiac T2* <10 ms by MRI (severe cardiac iron storage) because
of safety considerations.

One patient in study HGB 207, showed a 90%-lower PB VCN than DP VCN. Findings from additional
analyses were consistent with the hypothesis that there may be an uneven distribution of LVV
transduction between short-lived and long-lived CD34+ cells during manufacturing of the drug product.
Even though this effect seems to be an outlier, the negative clinical implication of this sharp deerease is
worth keeping PB VCN under close scrutiny in the ongoing clinical trials. 6

Efficacy results across studies have been durable within the duration of follow-up. Onge PLis=chieved,
TI status was durable for non-B%/B° patients with a range for the duration of TI to date 60 months
follow up). No non-B%/B0 patient across all studies who achieved TI has since requi transfusion, so
TI status was maintained. Non-B%/B° patients who have completed at least th 30 Visit (N = 7)
all had their last pRBC transfusion in the parent study and remained transfusi ee throughout Study
LTF-303. The fact that stem cells are transduced and the consideration gnmunisation against the
transgene is unlikely, provide some level of confidence in the sustainabi of the correction of the
thalassaemia. This is further reinforced by the 10 years follow-up o tient with B-thalassaemia being
treated with a similar approach (LGOO1 HPV569, Cavazzana-C QMO) and preliminary evidence of
long-term haemoglobin stability over time in two patients fr y HGB-205 with approximately 4-
5 years of follow up. Overall, the follow-up time for a sub ial number of patients is limited.

During the clinical studies, the drug product manuf%ring process was optimised for transgene

expression. This change in manufacturing process i dies HGB-205, HGB-204, and HGB-207 had an
influence in several PD parameters. In line w e PD section of this report, the manufacturing
processes used to make DP impacted the DP PB VCN and HbAT87Q expression and will impact efficacy

limited data for the commercial manufacturing process
he commercial manufacturing process will be provided and

parameters to improve efficacy outcomes
are available. Additional data obtaine
is a specific obligation of the markeki

In addition, in order to furth irm the appropriateness of the acceptance criteria, the Marketing
Authorisation Holder (MAﬂz s d re-evaluate the acceptance criteria for attributes related to potency
tests using batch releas and clinical results after 6 months follow-up of 20 patients treated with

commercial batche‘s.o?&

Assessm (f}aediatric data on clinical efficacy

This appli is for patients 12 years and older and in total 11 adolescents have been treated as of
Dec 18. Overall, the population consisted of young patients with age range 12-35 years.
Currently; there is no reason to assume differences in efficacy of Zynteglo based on age.

Additional efficacy data needed in the context of a conditional MA

Comprehensive data will be provided by proposing the following specific obligations: the HGB-207 study
with two-year follow-up on adults and adolescents (N=15) enrolled in the study, the HGB-212 with
additional data in patients with the non-B%B° genotype and the LTF-303 interim study report that will
include data on patients treated with Zynteglo with at least 5 years of follow-up.
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2.5.5. Conclusions on the clinical efficacy

The number of patients is low with limited follow-up time for patients in Phase 3 studies, but the overall
presented data show clinically relevant and meaningful results by achieving TI in 11 out of 14 patients
in studies HGB-204 and HGB-205 and 4 of 5 evaluable patients in study HGB-207. The preliminary data
from study HGB-207 are consistent with early results and demonstrate improvement in total Hb levels
to be achieved.

The CAT considers the following measures necessary to address the missing efficacy data in the
context of a conditional MA:

e In order to confirm the efficacy and safety of Zynteglo in patients 12 years and older DT
who do not have a B%/B° genotype, the MAH should submit interim and final data on

HGB-207. .

e In order to confirm the efficacy and safety of Zynteglo in patients 12 years ang@ with TDT
who do not have a B%/B° genotype, the MAH should submit interim and fina from patients
with a severe non-B%/B° genotype such as IVS-1-110/IVS-1-110 and 1 -MNL.0/B° from Study

HGB-212.

e In order to confirm the efficacy and safety of Zynteglo in patienthars and older with TDT
who do not have a B%/B° genotype, the MAH should submit in{ri ata and the 5 years follow-
up results of study LTF-303.

The CAT considers the following measures necessary to addre %es related to efficacy:

¢ Non-interventional post-authorisation safety an y study: In order to further characterise
and contextualise the long-term safety and effic f Zynteglo in patients 12 years and older
with TDT who do not have a B%/B° genotype MAH should conduct and submit the results of
a study based on data from a product reQ/ REG-501) and use data on patients treated with
transfusions and/or HLA-matched allnﬁ{rlic SCT treated patients from an established

European registry as a compara@lp.

The CHMP endorse the CAT conclusio@ inical efficacy as described above.

2.6. Clinical safety KO

The information presentedNin Segtion 2.6 includes safety data from multiple data cuts as noted
throughout. Safety anal@ ocused on patients with TDT (across all genotypes) and included patients
with SCD treated with, LentiGlobin for SCD (drug product manufactured with the same BB305 LVV as
Zynteglo) in the @ ment of gene therapy-related risks.

N
T reatm%baradigm

Tre t*with Zynteglo is preceded by procedural and medical interventions, namely haematopoietic
stem céll collection (mobilisation with G-CSF and plerixafor followed by apheresis), and myeloablative
conditioning using busulfan, that carry their own risks. Thus, describing the overall extent of the safety
profile of Zynteglo in patients with TDT also includes exposure to mobilisation and conditioning agents.

Patient exposure

The primary safety analysis population is based on one completed Phase 1/2 clinical study (HGB-204) in
adult and adolescent patients (=12 years of age) with TDT and five ongoing studies: HGB-205, HGB-
207, HGB-212, HGB-206, and the long-term follow up study LTF-303 (see Table 36). LTF-303 captures
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data for all Zynteglo-treated patients from the Month 24 visit in the parent study through 15 years post

drug product infusi

on.

Data in patients with sickle cell disease (SCD) treated with LentiGlobin for SCD were submitted as

supportive data.

Table 36: Overall Extent of Exposure to Zynteglo or LentiGlobin for SCD

Test Product(s);
Dosage Regimen;

Study Manufactu
Identifier Study Primary Number of Process
(Status) Design Study Population Objective(s) | Patients? Data Cut Dates | Zyntegl
HGB-204 Open-label, Patients with TDT safety and | 18 TDT treated | CSR Data Lock: | Zyntegl
(completed) | uncontrolled efficacy (all 212 years of | 07 Mar 2018 >3,
age) \m
Module 2.7.4 e ‘manufacturing
Data Cut: ( ocess
07 Mar 2%
Additio &a a
Cut: @ Dec
20190
HGB-205 Open-label, | Patients with SCD or | safety, 4TDT and 3 SCDJ Intdgil  CSR | Zynteglo;
(ongoing) uncontrolled | TDT tolerability, treated (all zlﬂ‘\Data Cut: | >3.0x10° CD34+
and success of | years of age)@ 1 Oct 2017 cells/kg (apheresis;
engraftment TDT)
Module 2.7.4 | 22.0x10°® CD34+
Data Cut: | cells/kg (BM
07 Mar 2018 harvest; SCD);
4 O Original
\ Additional Data | manufacturing
Cut: 13 Dec | process
Q
HGB-207 Open-label, Patients with TDT with | effi ac&]d 20 TDT treated | Interim CSR | Zynteglo;
(ongoing) uncontrolled | non-B%B° genotypes (15 =12 years of | Data Cut: | >5.0x106 CD34+
age and 5 <12 |22 Feb 2018 cells/kg (apheresis);
N years of age) Refined or
\> Module 2.7.4 | commercial
Data Cut: | manufacturing
O 22 Feb 2018 process
K Module 2.7.4
Late-Breaking
Data Cut:
@ 15 May 2018
. Q\ Additional Data
\ Cut: 13 Dec
o O 2018
HGB-212 , Patients with TDT with | efficacy and | 6 TDT treated (2 | CSR Data Cut: Zynteglo;
(ongoing) olled | B%/B°, IVS-I-110/ B°, | safety B%/B° =12 years | Not applicable >5.0x10° CD34+
, and IVS-I-110/1VS-I- of age; 3 non- cells/kg (apheresis);
QJ 110 genotypes B%/B® 212 years | Module 2.7.4 Refined or
of age; 1non-| pata Cut: commercial
B%/B® <12 years | 07 Mar 2018 manufacturing
of age) process
Additional Data
Cut: 13 Dec
2018
LTF-303 Long-term Patients with | monitor  for |22 TDT and | Interim CSR Not applicable
(ongoing) follow-up; haemoglobinopathies | the long-term | 8 SCD enrolled Data Cut:
safety and | who have been | safety and 21 Nov 2017
efficacy treated with the drug | efficacy of the
product in the parent | drug product Module 2.7.4
studies Data Cut:
07 Mar 2018
Additional Data
Cut: 13 Dec
2018
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Test Product(s);
Dosage Regimen;
Study Manufacturing
Identifier Study Primary Number of Process for
(Status) Design Study Population Objective(s) | Patients! Data Cut Dates | Zynteglo
HGB-206 Open-label, Adult patients with | safety 19 SCD treated CSR Data Cut: LentiGlobin for SCD;
(ongoing) uncontrolled | SCD Not applicable >2.0x10® CD34+
cells/kg (BM
Module 2.7.4 harvest)
Data Cut: >3.0x10° CD34+
07 Mar 2018 cells/kg (apheresis);
Not applicable
Additional Data
Cut: 13 Dec
2018 o

I Number of patients treated as of 13 December 2018

O

Subgroups for safety analyses included the NBO pool (all patients with TDT with a non [5 notype)
and the TDT pool (all patients with TDT).

As of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other stud @
analysis of the ITT population consists of 39 patients with TDT who initiated % I’katlon 33 (85%) of
whom had received Zynteglo (i.e., transplant population, TP). Of the 6 patie% e TDT pool who were
not treated with drug product, 2 patients discontinued after 1 cycle of tion and apheresis (due
to inadequate stem cell mobilisation and pregnancy) and 4 were IT‘&treatment Several other
subgroups were defined in order to evaluate variations in safety a %erablhty in major categories of

genotype and drug manufacturing processing. q
Q. months after drug product infusion

ct infusion in the NBO pool (see Table 37).
sion (TP)

e main safety

Patients were followed for a median (min, max) of 24.15 (0.
in the TDT pool, and 23.7 (0.8, 47.7) months after drug\
u

Table 37: Length of Follow-Up Post-Drug Prodt@ln

LA

NBO DT
Parameter Statistic (N=24) (N=33)
Last Follow-up (Months post drug product infusion) ! [Mean (SD) [21.86 (15.247) [23.75 (14.563)
Median 23.7 24.15
Min, Max  |0.8,47.7 0.8, 47.7
Follow-up Data Available (Months post drug product
infusion)!
3 Months n (%) 21(87.5) 30(90.9)
6 Months n (%) 18 (75.0) 26 (78.8)
9 Months n (%) 17 (70.8) 25(75.8)
12 Months n (%) 15 (62.5) 23 (69.7)
15 Months n (%) 14 (58.3) 22 (66.7)
18 Months n (%) 14 ( 58.3) 22(66.7)
24 Months n (%) 11(45.8) 17(51.5)
30 Months n (%) 7(29.2) 11(33.3)
36 Months mn (%) 4(16.7) 7(21.2)
42 Months n (%) 2( 8.3) 2(6.1)
48 Months n (%) 0 0

Data as\gf 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies

Patient demographics were reflective of that for patients with TDT in Europe and globally. Certain patients
were excluded from clinical studies for safety reasons, i.e. patients with hypersensitivity to the active
substance or excipients, current or previous history of leukaemia or lymphoma, positive test for human
immunodeficiency virus (HIV)-1, HIV-2, HTLV-I, and HTLV-2, pregnancy or breastfeeding, or unable to
undergo HSCT safely, as determined by a healthcare professional.
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Adverse events

For all studies, AEs were coded using Medical Dictionary for Regulatory Activities (MedDRA) (Version
19.0) and collected according to each protocol. For data analysis of AEs, the studies have been divided
into periods corresponding to study milestones and by duration of time post-Zynteglo infusion.

The following study periods have been defined:

e ICF to <MB: Date of informed consent until either date of initiation of mobilization (TDT
patients or some SCD patients, as applicable) or bone marrow harvest (some SCD
patients, as applicable)*

e MB to <C: date of initiation of mobilization/bone marrow harvest until date of @tion
of conditioning

e Cto <NE: Date of initiation of conditioning until the date of neutrophil en ent (NE)

e NE to <M24: Date of NE through Month 24 \

e Day 1 (date of drug product infusion) through Month 24; annual pe @ thereafter

e D1 to last visit: Day 1 through Last Visit+ ®

e Total: Date of informed consent through Last Visit*+
* Excluded from laboratory summaries.
+ Last visit defined to include all safety data, even if it is after a scheduled visit; Id occur either in the parent

study or in the LTF-303 study. K
AEs are summarised by category for the TDT pool and the N (see Table 38). TEAE was defined

as those events that occur during or after the drug produ fusion, i.e. Day 1. This is at least 7 days
after start of conditioning with busulfan (4-5 days conditi , at least 72 hours washout).

All but 1 patient in the TDT pool had experienced a @ st 1 AE, with 12.8% experiencing at least 1 AE
related to drug product; all of these latter event Grade 1. Nineteen patients (48.7%) experienced
at least 1 SAE; no drug product-related SAES®were reported. No deaths were reported and no patients
discontinued from their respective studie efto an AE.

Table 38: Overall Summary of Ad vents, NBO and TDT Pools (ITT)
NBO T

Parameter Statistic (N=30) (N=39)
Number of Subjects with >1 Adverse Event (AE) n (%) 29(96.7) 38(97.4)
Number of Subjects with =1 Treatment-Emergent (TE) AE n (%) 24 (80.0) 33(84.6)
Number of Subjects with =1 AE related to Drug Product n (%) 4(133) 5(128)
Number of Subjects with =1 Serious Adverse Event (SAE) n (%) 15(50.0) 19(48.7)
Number of Subjects with =1 TESAE n (%) 10(333) 13(333)
Number of Subjects with >1 TESAE Related to Drug Product n (%) 0 0
Number of Subjects with >1 >Grade 3 AE n (%) 25(833) 34(87.2)
Number of Subjects with >1 >Grade 3 TEAE n (%) 24 (80.0) 33(84.6)
Number of Subjects with =1 >Grade 3 AE Related to Drug 0

Product n (%) 0
Number of Subjects with =1 AE Resulting m Death n (%) [i] 0

TE, treatment-emergent. Study Pools: NBO = non-B°/B° genotype; TDT = All TDT.
Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies
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Table 39: Incidence of All AEs Occurring in =3 Patients: TDT Pool (ITT) by system organ
class and preferred term

System Organ Class ICF to <MB. MB to <C, Cto <NE, NE to M24, D1 toLast | Total (ICF to Last
Preferred Term n (%0) n (%0) n (%) n (%0) Visit, n (%) Visit), n (%0)
[Number of Subjects at Risk 39 39 33 32 33 39
[Number of Subjects with at Least 1 AE 21(538) 37(94.9) 33 (100.0) 31(96.9) 33 (100.0) 38(974)
[Blood and lymphatic system disorders o 15(38.5) 33 (100.0y 15 (46.9) 32(97.0y 35(89.7
Thrombocytopenia o 10 (25.6) 31(93.9) 3(94 31(93.9) 33(84.8)
Anaemia o 3I(7TN 20(87.9) 10(31.3) 26 (73.8) 30(76.9)
Neutropenia o 1(26) 22(66.7) 3(94 22(66.7) 22(56.4
Febnle neutropenia o Q 15(45.5) 0 15(45.5) 15(38.5)
Leukopenia ] 4] 13 (39.4) 3(94) 13 (39.4) 13 (33.3)
|Gastrointestinal disorders 5(128) 14 (35.9) 31(93.9) 16 ( 50.0) 33 (100.0) 37 (949
Stomatitis o Q 26 (78.8) 0 25(75.8) 26 ( 66.7)
Nausea 1(26) 9(231) 20 { 60.6) 2( 6.3) 5(152) 24 (61.5)
Womiting 1(26) 7(17.9) 17 (51.5) 4(12.5) 13 (39.4) 23 (59.0)
Abdominal pain 2( 51 2( 51 12 (36.4) 4(12.5) 14 (42.4) 17 (43.6)
Constipation o 0 13 (39.4) 2(63) 12 (36.4) 15(38.5)
Diarrhoea o 0 10 (30.3) 3(94 12 (36.4) 12 (30.8)
Dyspepsia o 2(51 5(15.) 2({63) 7(212) 8(20.5)
Abdominal pain upper o 1(26) 3(en 0 2(61) 4(103)
Anal inflammation o Q 2(6.1) 2(63) 4(12.1) 4(103) * 6
Gingival bleeding o 1(26) 0 3(94 3(91) 4(103)
Toothache ] 1(26) 1(30) 1(31) 2( 61) 3(77 K\
|General disorders and administration site
lconditions 1{286) 22 (56.4) 20 { 60.6) 13 (40.6) 22 (66.7) 32(821
Pyrexia 1(26) 1(26) 12 (364 6(18.8) 15(45.5) 15(38.5)
Catheter site pain o 10(25.6) 4(12.1) 0 2(61) 12 (30.8)
Fatigue o 37D 2(6.1) 4(12.5) 5(152) 8(205)
Pain o 3I(7TN 2(6.1) 1(31n 130 6(154)
Non-cardiac chest pain o 1(26) 2( 6.1) 2( 6.3) 3(91) 4(103)
Catheter site haemorrhage [ 3(7N Q 0 0 3ICTD
Chest discomfort ] 1({26) 2(6.1) 0 1(3m 37N
[Hepatobiliary disorders 1(26) 1( 26) 3(9.1) 5(15.6) 7(21.2) 9(23.1)
WVeno-occlusive liver disease '] ] 1({30) 3(94) 4(012.1) 4(10.3)
System Organ Class ICF to =MB. MB to <C, Cto <NE, NE to M24, DItoLast | Total (ICF to Last
Preferred Term n (%) n (%) n (%) n (%) Visit, m (%9) Visit), n (%0)
Hepatomegaly 0 0 2( 6.1) 1({31) 3(9n 3( 7N
Infections and infestations 9(231) T(179) 9{27.3) 23 (71.9) 24 (727 30(76.9)
Upper respiratory tract infection 1(286) 2(51 () 6(18.8) 6(18.2) 8(20.5)
Folliculitis 0 1(2.6) 2(61) 2(6.3) 4(12.1) 5(12.8)
Cellulitis 0 0 1(3.0) 2(6.3) 3(en 3(71N
Injury, poisoning and procedural complications 11(28.2) 13(333) 12(36.4) 10(31.3) 16 (48.5) 24 (61.5)
Procedural pain 9(23.1) 10 (25.6) 2(6.1) 0 2({ 61 16 (41.0)
Transfusion reaction 0 1(26) 9(273 1(3.1 10(30.3) 1128
Skin abrasion 0 0 1(3.0) 394 4(12.1) 4(10.3)
Contusion 0 1(2.6) 0 2(6.3) 2( 6D 3(7N
Investigations 1¢26) 377 11(33.3) 16 (50.0) 16 (48.5) 18(46.0)
Alanine aminotransferase increased 0 0 391 9(28.1) 10(30.3) 10(25.6)
Aspartate aminotransferase increased 0 0 391 7(21.9 2(273) 9{23.1)
‘Gamma-glutamyltransferase increased 0 0 391 4(12.5 7¢21.2) T(17.9)
Blood bilirubin increased 0 0 5(15.2) 2(6.3) 5(15.2) 6154
Metabolism and nutrition disorders 2(51) 7179 13 (30.4) 4(12.5) 12 (364 20(51.3)
Hypokalaemia 1(26) 2(51) 5(152) 2( 6.3) 5(153) 8(20.5)
Decreased appetite 0 0 6(18.2) 131 6(18.2) 7(17.9)
Hypocalcaemia 0 5(128) 1(3.0) Q 1(30 6154
Hypomagnesaemia 0 2(51 1(30) ] 1(30 3I(7N
Hyponatraemia 0 0 3(9.1) 1{31) 2( 61) 3(77N
Musculoskeletal and connective tissue disorders 0 10 (25.6) 9(273) T(219 10 (30.3) 19 (48.7)
Pain in extremity 0 1(26) 3(9.1 3(949 40121y 6(154)
Back pain 0 3(77N 2( 6.1) 1({31) 130 5(12.8)
Bone pain 0 377N 2( 6.1) 4] 0 5(12.8)
Myalgia 0 1(26) 3(9n 1{31 2(6D 5(12.8)
Musculoskeletal discomfort 0 1( 2.6) 2(6.1) Q 2( 61) 3(77
[Nervous system disorders 2(51) 11(282) 11 (33.3) ] 6(18.2) 17 (43.6)
Headache 1(26) 5(128) 7(21.) 4] 2(6D 12(30.8)
Peripheral sensoryv neuropathy 0 6(154) 0 Q 4] 6(154)
Dizziness 0 4(10.3) 2(61) 0 2( 61 4(10.3)
System Organ Class ICF to <MB. MB to <C, C to <NE, NE to M24, D1 to Last | Total (ICF to Last
Preferred Term n (%) n (%) n (%) n (%0) Visit, m (%2) Visit), n (%0)
Psychiatric disorders o 3(7D 12 (36.4) 4(12.5 11(33.3) 15(38.5)
Insomnia o 1( 26 9(27.3) 3(99 8(242) 11(28.2)
Anxiety o Q 5(15.2) 0 3(en 5(12.8)
Agitation o 2(5D 1(3.0) 0 0 3(77
Renal and urinary disorders o Q 5(15.2) 1(3n (152 6(15.4)
‘ Haematuzia o Q 3(9.1) 0 2( 8l 3(77
‘Repruducn‘ve system and breast disorders 1{ 2.6) 1{ 2.6) B8(242) 8 (25.0) 11(33.3) 11(28.2)
| Vaginal haemorrhage o Q 5(15. 2(63) 6(18.2) 6(15.4)
‘ Menstruation wregular o 0 1(3.0 3(99 4(12.1) 4(10.3)
Respiratory, thoracic and mediastinal disorders 1{ 2.6) 6(15.4) 20 ( 60.6) 11 (34.4) 24 (72.7) 27 (69.2)
Epistaxis o 126 11(33.3) 5(15.6) 14 (42.4) 15(38.5)
Pharyngeal inflammation [ Q0 9(27.3) Q 9(27.3) 9(23.1)
Cough o 0 2(61) 4(12.5) 5(152) 5(128)
Hypoxia o 126 1(3.0 1(31n 2(8l) 3(7N
Skin and subcutaneous tissue disorders 2(51) 4(10.3) 28 (84.8) 11 (34.4) 27 (81.8) 29 (74.4)
Alopecia o 0 23 (69.7) 2( 63) 24(72.7) 25 (64.1)
Pruritus o 0 9(27.3) Q 5(15.2) 9(23.1)
Skin hyperpigmentation [ Q 4{12.1) 1{3.1) 5(15.2) 5(12.8)
Petechiae [ 4] 4(12.1) 0 4(12.1) 4(10.3)
Urticaria o 4] 2(61) 2(63) 3(en 4(10.3)
Dry skin [ 4] 3(9.1) 0 2( 61) 3(77N
Rash [ 2(51) 0 1(31) 1L(3m 3( 7D
Skin hypopi| ntation o Q Q 3(94 EX SRS 3(71D

Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies
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Abbrev: C, Initiation of conditioning; ICF, informed consent form (date of signature); MB, initiation of mobilization; NE, neutrophil
engraftment; TDT, transfusion-dependent thalassaemia.

Study Pool: TDT = All TDT.

Note: Study periods are mutually exclusive, with the exception of Day 1 to Last Visit and ICF to Last Visit study periods. Last visit
defined to include all relevant safety data, even if it is after a scheduled visit; could occur either in the parent study or in the LTF-303
study;

Note: Hematologic abnormalities reported as AEs that were coded to PTs in the Investigations SOC (e.g., Platelet count decreased)
have been pooled with appropriate terms in the Blood and Lymphatic System SOC (e.g., Thrombocytopenia) for tabulation;

Note: If event started in the reporting period and continues into the next reporting period, it will be counted only in the first period. If
event starts and stops in the reporting period and then recurs in the next reporting period, it will be counted in both periods;

Note: Number of patients at risk for each period includes patients who enter the period;

Note: C to <NE includes AEs occurring during D1 to <NE.

No adverse events have been reported during the >M24 to M36 (N=17) and >M36 to M48 (N = 7) or >M48 to M60 (N = 0) periods
so these columns are not displayed in the table.

From ICF to M24, the highest percentage of patients with AEs was during the C to <NE period@l the
lowest during the ICF to <MB period. No events were reported between M24 and M60. @

For the ICF to Last Visit study period, most patients experienced events of thrombocy‘ (84.6%),

anaemia (76.9%), stomatitis (66.7%), alopecia (64.1%), nausea (61.5%), vo 9.0%), and
neutropenia (56.4%). The events of thrombocytopenia, anaemia, stomatiti utropenia were
primarily reported at a severity grade of >Grade 3, whereas the events of anp@usea, and vomiting
were primarily reported at a maximum of Grade 1 or Grade 2.

All patients (33/33, 100%) in the TDT pool had an AE >Grade 3 in se er% the '‘Blood and lymphatic
system disorders’ SOC during the C to <NE study periods. AEs rep as >Grade 3 that occurred in at
least 20 patients (50%) were thrombocytopenia, anaemia, neu , and stomatitis.

Infections: Q

Eleven (28.2%) patients in the TDT pool reported a toN 19 >Grade 3 and/or serious infections, of
which 7 were non-serious and 12 were serious. T, serious infections occurred prior to Zynteglo
finished product infusion. Of the remaining 9 seri ections, 1 occurred prior to NE (Appendicitis) and
8 occurred after NE (Cat scratch disease, &;t enteritis, Diarrhoea infectious, Asymptomatic HIV
infection, Salmonella sepsis, Cellulitis, Tooth infeCtion, and Pneumonia). Non-serious >Grade 3 infections
included cystitis, herpes simplex, influenzaNung infection, oral herpes, pseudomonal bacteraemia, and
Staphylococcal infection. All but the =@ s of asymptomatic HIV infection (wildtype etiology confirmed
by western blot) and SaImoneIIa(® (both in the same patient) resolved as of 07 March 2018.

Bleeding-related events:

All patients in the TDT xperienced significant thrombocytopenia and 22 (56.4%) patients in the
ITT population experj a bleeding event, with most events occurring following busulfan treatment.
Almost all bleedi ents were non-serious and did not require blood transfusion. One SAE of

Hypotension ¥ ary to recurrent epistaxis) occurred 11 days after drug product infusion in a patient
whose platel vel was <30,000. This patient required multiple blood and platelet transfusions and
local in sal therapy.

The n erious bleeding events occurring after infusion of Zynteglo finished product included: Epistaxis
(14 patients), Vaginal haemorrhage (6 patients), Gingival bleeding (3 patients), Haematuria (2 patients),
and 1 patient each with Conjunctival haemorrhage, Rectal haemorrhage, Metrorrhagia, Anal
haemorrhage, and Menorrhagia. These events occurred within 60 days of treatment with Zynteglo,
except for the event of Rectal haemorrhage which occurred on Day 718.

All events resolved with either standard treatment or were self-limited.

Thrombotic events:

Five thrombotic events were experienced by 3 patients, all occurring after treatment with Zynteglo. Two
events were serious and 3 were non-serious and included: Intracardiac thrombus (splenectomised;
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Grade 3 SAE on Day 357); 2 events of Vena cava thrombosis related to central venous catheter
placement (Grade 2 AE on Day 51 which became an SAE on Day 58 in the same patient) and 2 events
of Deep vein thrombosis in the same patient (both related to oral contraceptive use, splenectomised;
Grade 2 AEs on Days 91 and 661).

Hepatic events

In the TDT pool, 9 patients (23.1%) reported 15 hepatic events. There were no cases reported as Drug-
induced liver injury or cases that met Hy’s Law criteria. Four (4) patients (10.3%) experienced a serious
hepatic event (veno-occlusive disease; VOD).

Reproductive and fertility events

A review of the 'Reproductive system and breast disorders' SOC in the TDT pool resulted in 3 r@)ductive
and fertility events in the ITT population: 1 case of Premature menopause and 2 cases of. ian failure.
All 3 were non-serious, attributed to busulfan by the Investigator, and were ongoi éof 07 March
2018.

Drug product-related adverse events §
e

Five patients in the TDT pool reported 8 events (all nonserious and Grade (& ssed by the Investigator
as related or possibly related to Zynteglo (3 events of Abdominal paingjv nts of Hot flush, and 1 event
each of Dyspnoea, Non-cardiac chest pain, and Dysplasia). All eve cept for dysplasia, occurred on
Day 1 in 4 patients and resolved on the same day without treat

The event of dysplasia was reported at the Month 24 Visj y 723) and remained ongoing as of 07
March 2018. The Month 24 bone marrow biopsy reveale dysplastic changes in the erythroid series
which were more prominent than in the previous marrow aspirate at Month 12. The pathology
report stated that no significant neoplastic blast p, on was identified; normal cytology was observed
for lymphocytes, monocytes, and neutrophilsp; WBE and platelet counts were normal. Integration Site
Analysis (ISA) from peripheral blood did no@ate emergence of a dominant clone derived from LVV-

transduced cells. Q

Procedure-related adverse eve

The treatment with ZynteglomiSNaccompanied by procedures involved in preparation for Zynteglo
administration, such as gob tion with G-CSF and/or plerixafor, apheresis and conditioning with
busulfan. The Investig Xha the option of attributing an AE to a study procedure, specifically
‘Mobilisation/Apheies@o the drugs used for mobilisation or conditioning.

Events attributedfby,the Investigator to mobilisation and apheresis were mostly non-serious and typical
of the inter i and treatment. Specifically, very common adverse reactions attributed to
mobilisati eresis included thrombocytopenia, peripheral sensory neuropathy, headache, nausea,
and h aemia. Two SAEs were attributed to mobilisation/apheresis: one event each of
Thro ytopenia and Hypokalaemia, which occurred in the same patient. All AEs occurred in the period
between mobilization and conditioning and resolved prior to conditioning.

The majority of events attributed by the Investigator to conditioning with busulfan were non-serious.
Specifically, very common adverse reactions attributed to busulfan included thrombocytopenia, anaemia,
neutropenia, febrile neutropenia, leukopenia, decreased appetite, headache, insomnia, epistaxis,
pharyngeal inflammation, stomatitis, nausea, vomiting, diarrhoea, abdominal pain, constipation, anal
inflammation, dyspepsia, veno-occlusive liver disease (VOD), alopecia, pruritus, skin hyperpigmentation,
petechiae, vaginal haemorrhage, pyrexia, ALT increased, AST increased, blood bilirubin increased, and
gamma-glutamyltransferase (GGT) increased. Six events in 5 patients were reported as SAEs: 4 events
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of veno-occlusive liver disease, 1 event of hypotension (secondary to epistaxis), and 1 event of hypoxia.
All events resolved.

Adverse Events of Special Interest
The EOI pre-specified in the safety SAP were:

. Neutrophil engraftment failure
. HIV infection (defined using a custom MedDRA query: HLT='Acquired immunodeficiency

syndromes' or 'Retroviral infections')

e Autoimmune disorders (defined using a custom MedDRA query: HLGT='Autoimmune c@ders'
or HLT= 'Autoimmunity analyses)

. Lack of efficacy (defined using the Lack of efficacy/effect SMQ) ¢ 6

. Malignancies (defined using the following SMQs: Malignant tumors, Ma@ lymphomas,
Myelodysplastic syndromes [MDS], and Blood premalignant disorders)sQ

cy were noted in the

No cases of neutrophil engraftment failure, autoimmune disorders, or lack of
\&ost disease (GVHD) or

TP population (n=33). No events or laboratory values indicative of grafi-
other autoimmune diseases were noted.

Platelet Engraftment (PE): As of 07 March 2018, the 33 patients \@gchieved PE had a median (min,
max) Day of PE of 41.0 (19, 191). This time to platelet engraf is longer than previously reported
for TDT in the allogenic transplant setting where a mediaer o PE was reported from published
literature to be within 30 days of transplant. Delayed ti did not appear to be associated with an
increased risk of bleeding.

HIV infection: One patient (3%) in Study HGB-20Q ound to have asymptomatic HIV infection at the
Month 24 study visit. The Investigator asses ﬁthe asymptomatic HIV infection was not related to
drug product or procedures and was attribfited™o conventional routes of transmission. The event was
ongoing at the time of the report. Th @ remained in the study.

Malignancy: No malignancies wer in the TP population (n=33). One patient treated with drug
product manufactured with the B305 LVV as Zynteglo experienced an SAE of myelodysplasia. A
male patient with SCD partici@% in Study LTF-303 presented with cytopenia and peripheral blast cells
approximately 3 years aft@ng an conditioning. A bone marrow aspirate suggested MDS. The patient’s
cytogenetic analysis re\% a chromosomal abnormality which has been associated with secondary
leukaemia. An asse@t of a tumour cell-enriched cell population for LVV insertion was negative.

2

Serious a e event/deaths/other significant events
No de e been reported in the Zynteglo program to date, with 100% overall survival and no
tran elated mortality including in 23 TDT patients with at least 365 days of follow-up.

Nineteen (48.7%) of TDT patients (ITT) reported a total of 31 SAEs, none of which were assessed as
drug-product related. Of the 31 SAEs, 10 events occurred in 8 patients prior to drug product infusion
and were attributed to study procedures, mobilization, apheresis, or other unknown reasons.

The incidence of all SAEs in patients in the TDT pool is presented in Table 40 by study period, with SOCs
listed alphabetically and PTs within each SOC listed in descending order of occurrence in the Total (ICF
to Last Visit) column.
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Table 40: Incidence of All Serious Adverse Events: TDT Pool (ITT)

ICF to D1 to Last  [ICF to Last

Swvstem Organ Class ‘MBE ME to <C [C to <NE [NE to M24 [Visit Visit
Preferred Term n (%) n (%) n (%) n (%) n (%) n (%)

Number of Subjects at Risk 39 30 33 32 i3 39

MNumber of Subjects with at Least 1| 3(128) | 3( 7.7) | 3( 9.1) | 11(344) | 13(394) | 19(487)

Serious AE

[Blood and lvmphatic system 0 1( 2.6) ] 1(31) 1(3.0) 2(5.1)

disorders
Angemia 0 0 0 1(31) 1{30) 1(2.6)
Thrombocytopenia 0 1( 2.6) 0 0 0 1(28)

Cardiac disorders 0 0 0 1(3.1) 1(3.0) 1(2.6) é
Intracardiac thrombus 0 0 0 1(3.1) 1(30) 1(2.6) Q’

Ceneral disorders and 0 1( 2.6) ] 0 0 1( 2.6) .

administration site conditions \6
Catheter site haemorrhage 0 1{ 2.6) 0 0 0 1(2.6) K

[Hepatobiliarv disorders 0 0 1300 2(63) 3(90) ETN)) O

Jeno-occhisive liver disease 0 0 0 2(63) 2(61) 2(51) Q
Hepatome galy 0 0 1( 3.0) 0 1(30) 1(28)

Infections and infestations 2051) | 1(26) | 1(30)| 6(188) 6(18.2) 9(231) '“
Appendicitis 0 0 1({ 3.0) 0 1{30) 1(26)
Asymptomatic HIV infection 0 0 0 1{31) 1(30) 1{26)

Cat scratch disease 0 0 0 1(31) 1(3.0) 1(2.6)
Catheter site infection 1(26) 0 0 0 0 1(2.6)
Cellulitis 0 0 ] 1(31) 1(30) 1(26)
Diarrhoea infectious 0 0 ] 1(31) 1(30) 1(26)
Gastroenteritis 0 0 0 1(3.1) 1({30) 1(286)
(Gastroenteritis viral 1(26) 0 0 0 0 1(26)
Poenmonia 0 0 0 1{31) 1(30) 1{26)
Salmonella sepsis 0 0 0 1(31 1(30) 1(26)
Tooth infection 0 0 ] 1(31) 1(30) 1(26)

Jiral infection 0 1( 2.6) ] 0 0 1(28)

[njury, peisoning and procedural (50 0 0 1(3.1) 1{30) LT

complications
Accidental overdose 1{ 26) 0 o a 0 1{2.6)
Post procedural haemorrhage 1({ 2.6 0 0 0 0 1(2.6)
Transfusion reaction 0 0 0 1(31) 1{30) 1(26)

Dletabolism and nutrition 126y | 1(2.68) o 1(31) 1(30 (17

disorders
Hyperglycaemia 0 0 0 1{3.1) 1(30) 1{ 2.6)
Hypokalaemia 0 1( 2.6) 0 0 0 1{ 2.6)
Hypophosphataemia 1{ 26) 0 0 0 0 1{ 2.6)

[Nervous svstem disorders 1({ 2.6 0 0 0 0 1(2.6)

Seizure 1{ 26) 0 0 0 0 1{2.6)

IPsvehiatric disorders 0 0 0 1(31) 1(30 1(2.6)

Major depression 0 0 0 1{31) 1(30) 1{ 2.6)

[Respiratory, thoracic and ] 0 0 103D 1(30 1(2.6)

[mediastinal disorders

| Hypoxia 0 0 0 131 130 1( 2.6)

[Vascular disorders 0 0 10300 2(63) 3(91) I
Hypotension 0 0 1(3.0) 0 1(30) 1(26)

Wena cava thrombosis 0 0 ] 1(3D 1(30 1({2.8)
Venoocclusive disease 0 0 0 1(31) 1{30) 1{ 2.6)

Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies

Abbrev.: C; Initiation of conditioning, ICF, informed consent form (date of signature); MB, initiation of mobilization or bone marrow
harvest; NE, date of neutrophil engraftment; TDT, transfusion-dependent thalassaemia.

Study Pool: TDT = All TDT.

Note: Study periods are mutually exclusive, with the exception of Day 1 to Last Visit and ICF to Last Visit study periods. Last visit
defined to include all relevant safety data, even if it is after a scheduled visit; could occur either in the parent study or in the LTF-303
study.

Note: Hematologic abnormalities reported as AEs that were coded to PTs in the Investigations SOC (e.g., platelet count decreased)
have been pooled with appropriate terms in the Blood and Lymphatic System SOC (e.g., thrombocytopenia) for tabulation.

Note: If event started in the reporting period and continues into the next reporting period, it will be counted only in the first period. If
event starts and stops in the reporting period and then recurs in the next reporting period, it will be counted in both periods.
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Note: Number of patients at risk for each period includes patients who enter the period.

Note: C to <NE includes AEs occurring during D1 to <NE.

No adverse events have been reported during the >M24 to M36 (N=17) and >M36 to M48 (N = 7) or >M48 to M60 (N = 0) periods
so these columns are not displayed in the table.

Of the 31 SAEs, the following 21 SAEs were treatment-emergent and occurred in 13 patients:

Infections (9): Of the 9 treatment-emergent serious infections, 1 occurred prior to NE (Appendicitis) and
8 occurred after NE (cat scratch disease, gastroenteritis, diarrhoea infectious, asymptomatic HIV
infection, salmonella sepsis, cellulitis, tooth infection, and pneumonia). All but the events of HIV infection
and salmonella sepsis (both in the same patient) were resolved as of 07 March 2018.

Bleeding Events (1): One event of hypotension (secondary to epistaxis) occurred 11 days after drug
product infusion in a patient whose platelet level was <30,000. This patient required multiple and
platelet transfusions and local intranasal therapy. The event of epistaxis was attributed t @itioning
and resolved. ¢ é

Thrombotic Events (2): One event each of intracardiac thrombus and Vena cava @&'ubosis, both of
which resolved. In addition to the risk factor of having TDT, these patients h % actors of asplenia
and an in-dwelling catheter, respectively. g\.

Hepatic Events (4): All were veno-occlusive liver disease (VOD) and a%ed by the Investigator as
related to busulfan conditioning; all resolved after treatment with defiirotide. VOD is a reported, severe
AE associated with the use of busulfan.

Lab Findings (1): One event of Hyperglycaemia which resolv@

Other (4): One event each of Transfusion reaction (pIaM\ naemia, Major depression, and Hypoxia,
all of which resolved.

Laboratory findings ’\'Q

Haematology parameters ()

Potentially clinically significant (PCS) ology values are summarized by parameter for the TDT pool
in Table 41. All patients had low P es for leukocytes (<3 x 109/L), erythrocytes (<3.5 x 10%2/L),
and platelets (<75 x 10°%/L) in to NE period. This significant pancytopenia occurred following
busulfan conditioning and,im d with subsequent bone marrow reconstitution and engraftment.

Following NE and subse@ PE, most PCS abnormalities were in the erythrocyte line. Following PE, all
patients maintained gla t levels of >20 x 109/L in the absence of platelet transfusions.

QS
N\
DO
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Table 41: Summary of Potentially Clinically Significant Haematology Laboratory
Abnormalities: TDT Patients (ITT)

Time Period

Laboratory test PC3 Threshold Statistic MB to <C C to <NE NE to M24

Leukocytes x 10~9/L n/N (%) 0/39 33/33 (100.0) 30/32 ( 93.8)

1l0~s8/L n/N (%) 39/39 (100.0) 5/33 ( 15.2) 3/32 ( 2.4)

Lymphocytes x 10"9/L n/N (%) 6/39 ( 15.4) 26/33 ( 78.8) 21/32 ( €5.6)
1079/L n/N (%) 17/39 ( 43.6) 0/33 0/32

Neutrophils 1l0~s8/L n/N (%) 2/3% ( 5.1) 33/33 (100.0) 32/32 (100.0)

x 10~9/L n/N (%) 38/39 ( 97.4) 4/33 ( 12.1) 2/32 ( €.3)

Monocytes 10°9/L n/N (%) 33/39 ( 6) 2/33 ( 6.1) 4/32 ( 12.5)

Eosinophils x 109/L n/N (%) 19/39 ( -7) 0/33 4/32 ( 12.9)
Basophils x 10~9/L n/N (%) 4/39 ( .3) 0/33 0/32

Erythrocytes x 10~12/L n/N (%) 21/39% ( 53.8) 33/33 (100.0) 32/32 (100.0)

10~12/L n/N (%) 0/39 0/33 1/32 ( 3.1

Platelets 1l0~s8/L n/N (%) 12/39 ( 30.8) 33/33 (100.0) 30/32 ( 93.8)

x 10~9/L n/N (%) 2/3% ( 5.1) 0/33 1/32 ( 3.1

A4
Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies ¢ 6
PCS = Potentially Clinically Significant Q
Note: n/N is the number of patients with a potentially clinically significant laboratory abno, divided by the
number of patients that enter the period with at least one post-baseline value in the peripd

Note: The laboratory value has to represent a worsening from baseline in order to q % potentially clinically
significant in this analysis. Baseline is defined as value closest but prior to date of mobi

Clinical chemistry K @

Clinical chemistry values are summarized by parameter for the T @JI in Table 42. Changes to clinical
chemistry values were observed frequently during the NE to @riod, including elevated phosphate
(17/32, 53.1%) and elevated glucose (6/32, 18.8%) Ievelﬁsient elevations of ALT (13/32, 40.6%)
and bilirubin (10/32, 31.3%) were also observed, oft@\ ibuted by the Investigator to concurrent
treatment with busulfan, azole antifungals, and sulf tiblotics.

Table 42: Summary of Potentially Clinically m icant Chemistry Values: TDT Pool (ITT)

Time Period
Laboratory =M24 to
Category Laboratory Test PCS Threshold [Statizstic  |MB to=C C to <INE NE to M4 M36 D1 to Last Visit
Liver Alanine =3x ULN oM (Fa) 036 1/33( 3.00 13/32(40.6) |0O/11 13/33 (39.4)
Aminotransferase
Aspartate =3x ULN oM (Fa) /35 1/33( 3.00 B/32(25.0) /11 8/33(242)
Aminotransferase
Alkaline Phosphatase |=3x ULN n/N (%6) 0736 133( 3.00 1/32( 3.1) 0i11 1733 3.00
Bilirubin =34 2 umol L  [0/N (%) 1/36 (27.8) |1233(364) |10¥32(31.3) |10 1233 { 36.4)
F.enal Urea Mitrogen =10.7 mmelL  |[o/M (%) 34 033 1732 ( 3.1 /11 1733¢ 3.0
Creatinine =176.8 umol L [0/M (%e) 36 0/33 0/32 /11 0/33
Electrolytes |Sodium <126 mmel L. [o/N (%) 36 0i33 1732 3.1) /11 1733 3.0
=156 mmell. [n/N (%) 36 0i33 0/32 0i11 0/33
Potassinm =3 mmol/L n/M (%a) 036 533 (15.2) 4/32(12.5) 0/11 2/33(242)
=6 mmol/L oM (Fa) W36 033 032 011 0/33
Chloride =80 mmol/L oM (Fa) W35 033 032 /11 0/33
=118 mmell.  [0/N 3&) W35 0i33 0/32 0/11 0/33
(Other Phosphate =0.55 mmol/L.  [n/N 3:) 036 233( 6.1) 1732 ( 3.1) 09 3733 9.1)
=1.7] mmel/L.  [n/™ (%) 736 (19.4) 17733 (515 |1732(531) |09 2333 (69.T)
Glucose =227 mmol/L.  [0/N (%) /34 0/32 0/32 0/11 0/33
=90.7] mmelL [0/ (%) 34 15/32(46.8) |6/32(18.8) /11§ 9.1y |13/33(39.4)
Protain =45 gL oM (Fa) W35 X33( 61D 1/32( 3.1) /11 3/33¢ 9.1y
=100 gL oM (Pa) 35 0i33 032 /11 0/33
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Data as of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies

Abbrev.: ULN, upper limit of normal.

Study Pool: TDT = All TDT.

Note: n/N is the number of patients with a potentially clinically significant laboratory abnormality divided by the number of patients
that enter the period with at least one post-baseline value in the period.

Note: The laboratory value has to represent a worsening from baseline in order to qualify as potentially clinically significant in this
analysis. Baseline is defined as value closest but prior to date of mobilization.

Replication Competent Lentivirus

Two methods were used for screening blood samples from patients receiving Zynteglo for the detection
of replication-competent Lentivirus (RCL). Initially an enzyme-linked immunosorbent assay (ELISA) for
HIV-1 p24 capsid protein was used. However, as there were some caveats with the ELISA assa@PCR
for detection of VSV-G DNA was adopted as an alternative method for detection of RCL.

Blood was tested for LVV-derived RCL at protocol-defined visits up to month 24. No V@erlved RCL
was detected in any patient treated with Zynteglo (RCL testing results avallable for tients).

Integration Site Analysis

Integration site analysis (ISA) was based on published methods (Schmid 2007), performed as a
qualified method at Genewerk (Heidelberg, Germany) according to T g Facility SOPs. ISA was
performed using replicate linear amplification-mediated polymeras ain reaction (LAM-PCR) and the
non-restrictive (nr) LAM-PCR variant, followed by subsequent d @equencing. The method was not
validated nor GLP compliant, however, according to the Appli he methods were “fit-for-purpose”
and conducted with a focus on high quality and reliability.

BB305 LVV integration site (IS) monitoring was perfor an 40 patients (TDT and SCD) who were
enrolled in the open-label Phase 1/2 clinical Stud|e®B 204 (n=18), HGB-205 (n=7), and HGB-206
(n=9), and in Phase 3 Study HGB-207 (n=6), fr to 6 months after drug product infusion up to the
most recent time point (with 2 patients in S HGB-205 being followed for approximately 48 months
after drug product infusion as of 07 Mar 18). Highly polyclonal repopulation was observed in all
patients assayed for ISA as of 22 Fe 2018 for Study HGB-207 and 07 March 2018 for all other
studies (N=37), detected as the pr of multiple unique integration sites in genomic DNA isolated
from peripheral blood cells (m|n| nd maximum of 207 and 21,149 unique sites). In total, >550,000
unique IS were identified. RQQ showed that all patients were repopulated with a highly polyclonal
e

population of HSCs. None IS showed an individual contribution of >30% of all integration sites
at any specific time p0| naI selection or outgrowth was not observed.

Safety in speé’@pulations
L

Intrinsic an§ sic factors
There i n@ erience in patients older than 35 years of age.

The nt has analysed the potential impact of age (adult, n=23 vs adolescent, n=9; =18 years vs
>12 and < 18 years of age), race (white, n=23 vs Asian, n=10), gender and genotype (non-B%/B°, n=21
vs B%/B% n=9) on the safety profile (neutrophil and platelet engraftment, AEs, and SAEs) of Zynteglo.

Platelet engraftment (PE) differed between genotypes (median day of PE on Day 44.0 (19, 191; N=21)
vs Day 36.0 (28, 55; N=9) for non-B%/B° patients and B%/B° patients respectively), age (Day 37.0 (19,
191, N=23) versus 53.0 (20, 65, N=9) for adults vs adolescents and race (Day 41.0 [20,191, n=23]
versus Day 36.0 [19,51, n=10] for Asian and White patients).

Further, 3 of the 4 cases of VOD occurred in patients < 18 years of age.

The Applicant also analysed the potential impact of the manufacture process (extrinsic factor) on the
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safety profile (neutrophil engraftment (NE) and platelet engraftment (PE), AEs, and SAEs) of Zynteglo.

The day of NE was fastest (median [min, max; N]) with the original manufacturing process (Day 16.5
[14, 29; N=4]), followed by the base manufacturing process (Day 18.5 [14, 30; N=18]) and the refined
or commercial manufacturing processes (Day 21.5 [14, 28;N=11]). The day of PE occurred earliest with
the original manufacturing process (Day 23.0 [20,26]) followed by the base manufacturing process (Day
39.5[19,191]) and the refined or commercial manufacturing processes (Day 44.0 [28,51]).

No notable differences in the incidence or severity of AEs were observed between groups that differed
by the manufacturing drug process used. However, there were differences in numbers of patients and
varying lengths of follow-up by group (up to 4 years for patients with the original manufacturing rocess,
2 years for patients with the base manufacturing process, and 12 months for patients with thé‘ined
manufacturing process as of 22 February 2018 for Study HGB-207 and 07 March 2018 @II other
studies).

0\
Immunological events é

The formation of antibodies against transgenic BA7Q-globin have not been st }Q\ Studies HGB-204,
HGB-205, HGB-207, HGB-212 and LTF-303.

BAT87Q-globin that would result in decreases in PAT87Q-globin centrations over time, and/or

No immunogenicity-related events (e.g., accelerated clearance or dest ua%of erythrocytes containing
hypersensitivity reactions) were noted in any of the clinical trial &ted with Zynteglo.

Safety related to drug-drug interactions ar@h r interactions

No formal drug-drug interaction studies were sub '@. There were no AEs observed in patients
suggestive of any potential drug-drug interactionééynteglo.

Discontinuation due to adverse @pts

There were no AEs leading to disconti ion or withdrawal from study.

Post marketing experie@

Zynteglo is not approve%Quy indication in any region. Therefore, no post-marketing data are

available. @

>
Supportivei S data from patients with sickle cell disease (SCD)

As of 07 Mar 8, 24 patients with SCD underwent mobilization or bone marrow harvest; 2 patients
discontipu rior to drug product infusion (reasons: withdrawal by patient and physician decision);
6 padi ad not yet received the drug product infusion; 16 patients were infused with drug product

manufagtured with the same BB305 LVV as Zynteglo (TP), 7 patients completed their parent study and
have enrolled in long-term follow-up Study LTF-303.

All patients in the TP of the SCD pool (16/16, 100%) achieved NE on median (min, max) Day 22.5 (17,
38). Fourteen of 16 treated patients (87.5%) had platelet engraftment (defined as an unsupported
platelet count of 250 x 10°/L in SCD) on median (min, max) Day 46.5 (12, 92). The 2 patients who had
not had PE had been followed for 28 and 92 days as of07 March 2018.

Of the 16 SCD patients infused with drug product manufactured with the same BB305 LVV as Zynteglo,
1 (6.3%) patient experienced an AE related to drug product (hot flush), and 14 (87.5%) patients
experienced an SAE, 11 (68.8%) patients experienced TESAEs.
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The majority of TESAEs (n=7) in SCD patients were pain crises which led to hospitalization, an event
specific to the SCD population. Excluding TESAEs considered by the Investigator to be related to sickle
cell disease, 9/16 (56.3%) patients experienced 20 TESAEs. Pyrexia, Bacteraemia, and Hepatic enzyme
increased were the only PTs unrelated to SCD reported as TESAEs by more than 1 patient. No drug
product-related SAEs were reported in SCD patients. All SAEs resolved (one with sequalae: a pre-
treatment event of Device related thrombosis), except for an event of Patellofemoral pain syndrome and
of Device related infection, which were not resolved as of 07 March 2018.

An SAE of myelodysplasia was reported. A patient with SCD participating in Study LTF-303 presented
with cytopenia and peripheral blast cells approximately 3 years after busulfan conditioning. A bone
marrow aspirate suggested MDS. The patient’s cytogenetic analysis reveals a chromosomal ab ality
which has been associated with secondary leukaemia. An assessment of tumour cell-epri cell
populations for LVV insertion was negative, providing convincing evidence ag@in‘% ertional
oncogenesis. The event is attributed by the Investigator and the Sponsor to busulfan KN oning.
2.6.1. Updated data on safety: 13 December 2018 (Studie(@-zos, HGB-
206, HGB-207, HGB-212, and LTF-303) 0’\'

As of 13 December 2018, the Intent-to-Treat (ITT) population included %tients in the TDT pool who
initiated mobilisation. All 57 ITT patients in the TDT pool under t mobilization with G-CSF and
plerixafor. Forty-eight of these patients (84.2%) underwent myel @lve conditioning with busulfan as
a single agent and received Zynteglo. Patients were followed @median (min, max) of 18.71 (0.5,
58.6) months after drug product infusion in the TDT pool,“an .16 (0.5, 58.6) months after drug

product infusion in the NBO pool. O

All patients who were followed to at least Day 43 pong product infusion had neutrophil engraftment
(NE). For patients 12 years and older (N=42), n@ hil engraftment occurred on median (min, max)
Day 19.5 (13, 38) after medicinal product inﬁ.gg. latelet engraftment was recorded for 42/48 (87.5%)
patients in the TDT pool. Patients with T years and older treated with Zynteglo who achieved
platelet engraftment had a median (mi X) platelet engraftment on Day 41.0 (19, 191) (N=39).

The AEs and clinical laborat ndings remain consistent with the known effects of
mobilization/apheresis, conditionﬁe, nd HSCT. All patients remain alive at last follow-up, with a median
(min, max) follow-up duratio 18.71 (0.5, 58.6) months for patients with TDT treated with Zynteglo.
The safety profile was in lirte with what was reported at the initial submission.

The following additjo duct-related AEs were reported:

. 0@rious event of Thrombocytopenia assessed as possibly related to Zynteglo was
&)orted in a patient in Study HGB-207. The patient achieved PE on Day 53, but platelets
@ emained persistently below 35,000/uL and an SAE of Thrombocytopenia was reported
on Day 114. The event was considered medically significant but was not life-threatening
and did not require hospitalization. The Investigator considered the SAE of
Thrombocytopenia resolved when the patient's platelet count was >50,000/uL on Day
162.- One additional patient in the TDT pool reported an event of Grade 2 Abdominal
pain on Day 1 assessed by the Investigator as related or possibly related to drug product.

The event resolved without treatment.

e One patient experienced an event of Grade 1 Pain in extremity on Day 14, a case of leg
pain assessed by the Investigator as related to neutrophil engraftment; the event
resolved on Day 39 without treatment.

The following additional SAEs were reported:
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¢ One new event each of Bacillus bacteraemia, Neutropenic sepsis, Sepsis, and Lower
respiratory tract infection. These events resolved.

e One new event of VOD which resolved after treatment with defibrotide.

e New events of Pyrexia (3), Neutropenia (2), Thrombocytopenia (2) one of which one was
assessed as possibly related to drug product, as discussed above, and 1 event each of
Febrile neutropenia, Major depression, and Stomatitis. All of these events have resolved
except for 1 event each of Thrombocytopenia, Neutropenia, and Pyrexia, which were all
reported in the same patient and attributed to the conditioning agent.

All patients remain alive at last follow-up, with a median (min, max) follow-up duration of 18 (0.5,
58.6) months as of 13 December 2018 (N = 48). There were no cases of graft-versus- ease
(GVHD). There were no cases of transplant-related mortality including in 29 patients with t 1 year

of follow-up. K\
No cases of insertional mutagenesis leading to clonal dominance, leukagmi lymphoma, or
LVV-derived RCL have been reported (including approximately 20 patients witl‘b\' ast 2 years of follow-

up). 0
K(b
2.6.2. Discussion on clinical safety QQ

Safety database

The analysis of the safety profile of Zynteglo as of 13 &Qber 2018 is limited to 48/57 TDT patients
that have been treated. Support is provided by theQerience gained in 16 patients with SCD treated
with LentiGlobin for SCD manufactured with the B305 LVV as Zynteglo.

Treatment with Zynteglo is preceded by h opoietic stem cell collection (mobilisation with G-CSF
and plerixafor followed by apheresis), an oablative conditioning using busulfan. Due to the limited
sample size, the single-arm design o udies and concomitant treatment, it is difficult to establish
whether exposure to Zynteglo ma contributed to the occurrence of AEs and thus to the overall
safety profile of the whole treat rocedure. Notably, as Zynteglo treatment is inherently linked to a
HSCT procedure also the wel wn risks associated with this procedure should be taken into account
when determining the fit-Fisk of Zynteglo treatment. Adverse reactions have been described
specifically for the mohi on/apheresis, myeloablative conditioning and product related in the SmPC.

>
As patient nun'lbec}; limited, safety data are pooled across all studies, TDT genotypes, cell doses and
drug produc acturing processes. The refinements made to the drug product manufacturing

process ai increase transgene expression. No substantial difference in drug product composition
is note en the overall TDT population and the non-B%B° population patients when treated with
bat de from several improved manufacturing processes.

Patients were followed for a median (min, max) of 18.71 (0.5, 58.6) months after drug product infusion
in the TDT pool, and 15.16 (0.5, 58.6) months after drug product infusion in the NBO pool. The duration
of follow-up for patients treated with the refined or commericial manufacturing process is more limited
than the follow-up for patients treated with the original or base manufacturing processes.

Safety profile

As of 13 December 2018, all but 1 patient in the TDT pool had experienced at least 1 AE, with 14.6%
experiencing at least 1 AE related to drug product. Twenty-nine patients with TDT in the ITT population
(50.9%) reported a total of 51 SAEs, one of which was assessed as possibly related to drug product. Of
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the 51 SAEs, 15 events occurred in 13 patients prior to drug product infusion and were attributed to
study procedures, mobilisation, apheresis, or other unknown reasons. No deaths were reported and no
patients discontinued from their respective studies due to an AE. The only case of drug product-related
SAE concerned one event of thrombocytopenia. The event was considered medically significant but was
not life-threatening and did not require hospitalisation.

As of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies, most patients
experienced events of thrombocytopenia (84.6%), anaemia (76.9%), stomatitis (66.7%), alopecia
(64.1%), nausea (61.5%), vomiting (59.0%), and neutropenia (56.4%, with 33% febrile neutropenia).
The events of thrombocytopenia, anaemia, stomatitis, and neutropenia were primarily reported at a
severity grade of =Grade 3, whereas the events of alopecia, nausea, and vomiting were arily
reported at a maximum of Grade 1 or Grade 2.

As of 22 February 2018 for Study HGB-207 and 07 March 2018 for all other studies, ?X@ents in the
TDT pool experienced at least one event in the SOC infection or infestation, of which *2%) patients
reported a total of 19 >Grade 3 and/or serious infections, with 7 non-serious a érious infections.
Of the 9 serious infections occurring after Zynteglo treatment, 1 occurred prior %trophil engraftment
(NE) (appendicitis) and 8 occurred after NE (cat scratch disease, gastroengeritiS, diarrhoea infectious,
asymptomatic HIV infection, salmonella sepsis, cellulitis, tooth infectio pneumonia). All but the
event of asymptomatic HIV infection (wildtype aetiology confirmedyby western blot) and salmonella
sepsis (both in the same patient) resolved as of 07 March 2018. @

As of 22" February 2018 for Study HGB-207 and 07 March 2
was accompanied by a bleeding event in 22 (56.4%) patie
following busulfan treatment, were considered non-seri

Il other studies, thrombocytopenia
the ITT population. Most events occurred
d did not require blood transfusion.

As of 22nd February 2018 for Study HGB-207 and (@arch 2018 for all other studies, five thrombotic
events were experienced by 3 patients; 2 eveénts™were serious (Intracardiac thrombus, Vena cava

thrombosis). In the TDT pool 9 patients %) reported 15 hepatic events, 4 patients (10.3%)
experienced a serious hepatic event (V t is noted that 3/4 serious VOD observed occurred in
paediatric population (3 adolescents D in 9 adolescents treated), all related to busulfan that is

known to induce such events.

As of 22" February 2018 for B 207 and 07 March 2018 for all other studies, most of the AEs
were attributed to the H dure and not the Zynteglo product. Only 8 events in 5 patients in the
TDT pool were assessed Invest|gator as related or possibly related to Zynteglo. Of these, 7 events

occurred on Day 1‘in0 nts (3 events of abdominal pain, 2 events of hot flush, and 1 event each of
dyspnoea and nons iac chest pain). These events were Grade 1 and all resolved on the same day
without treat& d were attributed by the Applicant to the presence of the dimethyl sulfoxide (DMSO)

cryoprotecta is is agreed, such infusion-related reactions have often been attributed to DMSO.

One ca splasia was also attributed to Zynteglo treatment by the Investigator. This patient had an
e 1 dysplasia at the Month 24 Visit. This event was more likely a consequence of longstanding
dyserythropoiesis considering that no dysplasia was noted at Month 30.

Many of the AEs were attributed to the HSCT procedure and confirm the toxicity profile associated with
HSCT.

As of 13 December 2018, the median time (min, max) to neutrophil engraftment (NE) of Day 20.5 (13,
38)(N=46) is in line with what is usually seen in TDT patients receiving allogeneic HSCT, but the time to
platelet engraftment (PE) seems substantially prolonged in the studied population with a median (min,
max) of Day 41.5 (19, 191), while usually PE is recorded within 20-30 days in TDT patients receiving
allogeneic HSCT, per published literature. The cause of this apparent delayed engraftment could not be
identified. As prolonged time to PE carries the risk for bleeding, it is reassuring that no excess of bleeding
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events has occurred in the patients with prolonged PE time. Delayed platelet engraftment is listed as
identified risk in the Risk Management Plan (RMP) and neutrophil engraftment failure as a potential risk.

Substantial changes in the haematology and clinical chemistry parameters were frequently observed,
but these can be expected in patients undergoing HSCT. No unexpected effects were noted.

No cases of malignancies were noted in the TDT population, however one case of myelodysplasia was
reported in a patient with SCD participating in Study LTF-303. As no LVV insertion was found in tumour
cell-enriched cell population and the cytogenetic analysis revealed a chromosomal abnormality which
has been associated with secondary leukaemia, it is considered likely that this event is caused by
exposure to busulfan.

The potential for generation of replication competent virus and insertional mutagenesis a erns
associated with retroviral gene therapies (i.e. therapies using an integrating LVV), and Iso with
Zynteglo. It is noted that these risks have already been mitigated by the choice for \ sign of the
LVV (i.e. replication-defective, SIN, lentiviral vector lacking enhancer/promoter | ﬂerminal repeat
sequences), the manufacture process (screening each LVV batch for potent , extensive post-
transduction washing), and patient selection (exclusion of patients with pre-t ent evidence of HIV-
1 or HIV-2 infection). No RCL was detected in blood samples up XBmonths after Zynteglo
administration. As the risk for the occurrence of recombination i Qents infected with HIV is
hypothetical no contraindication for HIV and HTLV were considered {stary. Still seropositive patients
will currently not be treated as seropositive samples are not acc Qr manufacturing. The integration

site analyses did not reveal any data suggesting that onc occurred due to integration site
mutagenesis. Section 4.4 of the SmPC provides recomme ions to monitor annually for leukaemia or
lymphoma (including with a complete blood count) for rs post treatment with Zynteglo and that

patients who have received Zynteglo should not be Gened for HIV infection using a polymerase chain
reaction (PCR)-based assay.

The Applicant performed an analysis of the@a}ct of some intrinsic (age, race, gender, genotype) and

extrinsic factor (manufacturing process) safety profile. However, population size is too small and

there are too many variables to aIIthmeaningful comparisons. The most remarkable difference

might be the fact that most cases occurred in the adolescent population. However, considering

the adult population is still rathe g (no patients >35 years were enrolled and median age of overall

TDT population is 20 years), % be questioned whether age is such a discriminating factor and this
e

could just as well be a cha ing.

At the time of MAQ Fﬁ ¢/ the safety and efficacy of plerixafor in children less than 18 years was not
yet established a ing to the SmPC of Mozobil. Based on the review of publicly available data and
preliminary d & e < 18 years of age patients mobilised with plerixafor submitted by the applicant,
plerixafor ap @ to add minimal safety risks in children beyond the risks associated with the use of
single -CSF and does seem to decrease the rate of failed mobilisations. One exception may be a
con arding the spleen as splenomegaly is a common feature in TDT patients and mobilisation
with plerixafor has been implicated in splenic rupture. It is reassuring that apart from a Grade 1 non-
SAE of splenomegaly no AEs related to the spleen have been observed, yet it is noted patient numbers
are limited to 34 non-splenectomised patients (as of 13 December 2018). Therefore, the proposal to
monitor for AEs of splenic rupture is endorsed. Splenic rupture has been added as potential risk in the
safety specifications of the RMP.

Further with regards to age, it is noted that current treatment experience is limited to patients aged
35 years or younger. The observed benefit-risk in the studied population can be extrapolated to the older
population (i.e. >35) as long as transplant eligibility criteria for patients with TDT are met. It is agreed
that the decision to start treatment should be based on specific co-morbid factors known to impact the
safety of treatment including myeloablative conditioning, rather than a strict upper age limit in the
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indication. Therefore, section 4.4 of the SmPC includes specific criteria to help health care providers
identify patients with TDT for whom HSC transplantation is appropriate. Moreover, patients older than
35 has been included as “missing information” in the safety specifications of the RMP.

The following restrictions on concomitant medications are recommended in the SmPC:

e Iron chelation should be stopped at least 7 days prior to myeloablative conditioning. Prophylaxis
for hepatic veno-occlusive disease (VOD) is recommended. Depending on the myeloablative
conditioning agent administered, prophylaxis for seizures should be considered.

e Patients should not take anti-retroviral medications or hydroxyurea from at least one month prior
to mobilisation until at least 7 days after Zynteglo infusion.

As of 07 March 2018, a separate high-level analysis of the safety profile in patients with @treated
with drug product manufactured with the same BB305 LVV as Zynteglo (n=16) was prov@part from
the events of hospitalisation due to pain crises (attributable to the underlying dise &o ly numerical
differences in AE frequencies were noted. However, no conclusions can be the differences
considered the small populations. Overall the available safety data in the SCDQ' ation are generally

supportive of that seen in the TDT population.

No studies aiming to investigate the immunogenicity of Zynteglo hav b@'performed that is justified

as risk assessment indicated a lack of immunogenic potential of the product. This claim is supported
by the fact that no immunogenicity-related events were noted i tudies. The lack of immunogenic
potential can be explained by the fact that BAT87Q-globin is hi ilar to naturally occurring proteins:

the modification of the single amino acid (T87Q) was choB ecause of its presence of the Q in the y-
and d8-globin chains.

Pregnancy and breast-feeding as well as previous @uent with HSC gene therapy have been added as
a contraindication (please see section 4.3 of the

In addition, contraindications to the mobilisdti gents and the myeloablative conditioning agents must
be considered (see section 4.3 of the r@

From the safety database all the reactions reported in clinical trials have been included in the

SmPC. &
Additional safety data ﬁQin the context of a conditional MA

There are still some un inties on the safety profile of Zynteglo due to the limited data on long-term
safety of Zynteglo @mited data in patients treated with the drug product manufactured with the
commercial n‘a@uring process, and the limitations of single-arm trial design, in particular
considering t atment is irreversible and with an intended life-long effect. The current analyses
provide ansi of the safety profile associated with Zynteglo, in part due to the already well-known
safety of the mobilisation/apheresis regimen and of the conditioning regimen with busulfan.

Additi data will be obtained with the commercial drug product manufacturing process in study HGB-
207 and additional safety data will also be made available with studies HGB-212 and LTF-303 which are
specific obligations of the marketing authorisation.

2.6.3. Conclusions on the clinical safety

Overall, due to the limitations in the safety database it is not possible to fully discriminate between
effects caused by Zynteglo and those by the concomitant treatment/HSCT procedure. Nevertheless,
adverse reactions have been described specifically for the mobilisation/apheresis, myeloablative
conditioning and product related in the SmPC. Common AEs that may be caused by Zynteglo may also
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be missed due to the limited number of patients included in the safety database. Furthermore, the safety
data were pooled across studies, TDT genotypes, cell doses and manufacturing processes. No apparent
differences in the safety profile have been observed based on these factors, although patient numbers
are low. Similarly, a conclusion on the effect of intrinsic factors (age, race, gender, genotype) on the
safety profile of Zynteglo is complicated by low patient numbers.

Overall, the safety profile seems to be in line with that what is known for HSCT. As treatment with
Zynteglo encompasses an HSCT procedure, the risks associated with mobilisation and conditioning are
also part of the benefit:risk of Zynteglo. This includes the risk for secondary malignancies, as is illustrated
by the event of myelodysplasia in an SCD patient, VOD (5 serious events) and impairment of fertility.

The CAT considers the following measures necessary to address the missing safety data in the ext
of a conditional MA:

L 2
e In order to confirm the efficacy and safety of Zynteglo in patients 12 years an @with TDT
who do not have a B°/B° genotype, the MAH should submit interim and fina@ on Study

HGB-207.

e In order to confirm the efficacy and safety of Zynteglo in patients 12 s&nd older with TDT
who do not have a B°/B° genotype, the MAH should submit interi Qinal data from patients
with a severe non-B%/B° genotype such as IVS—I—11O/IVS—I—11{a%’VS—I—110/B0 from Study

HGB-212.
e In order to confirm the efficacy and safety of Zynteglo i @nts 12 years and older with TDT
who do not have a B%/B° genotype, the MAH should s terim data and the 5-year follow-

up results of study LTF-303.
The CAT considers the following measures necessary to a&ress issues related to safety:

e In addition, as a condition to the MA, a n rventional post-authorisation safety and
efficacy study should be conducted imfyerdeb to further characterise and contextualise the long-
term safety and efficacy of Zynteglé&tients 12 years and older with transfusion-dependent
B thalassaemia (TDT) who do o% a B%/B° genotype. The MAH should conduct and submit
the results of a study based from a product registry (REG-501) and use data on

patients treated with tran @ns and/or HLA-matched allogenic HSCT treated patients from an

established European try as a comparator group.

The registry will speciﬁcamid ss the risk of delayed platelet engraftment, insertional oncogenesis,
loss of response to gen py and neutrophil engraftment failure. Interim data on the registry should
also be submitted ach annual renewal of the conditional marketing authorisation.

The CHMP enéﬁ@e CAT conclusion on clinical safety as described above.
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2.7. Risk Management Plan

Safety concerns

Summary of safety concerns

Important identified risks Delayed platelet engraftment

Important potential risks Insertional oncogenesis

Loss of response to gene therapy

Neutrophil engraftment failure 6
Splenic rupture . @
Missing information Long-term safety and efficacy

Use in patients over 35 years of age QO

Pharmacovigilance plan K @
&
©

| @Q
- O
N\

S

Q
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Study /

Status

Summary of

objectives

Safety
addressed

concerns

Milestones

Due dates

Category 1 - Imposed mandatory additional pharmacovigilance activities which are conditions of
the marketing authorisation

Long-term
observational
registry study
(including
product
registry REG-
501)

Planned

To evaluate long-term
safety and effectiveness
of treatment with
Zynteglo finished
product in patients 12
years and older with
transfusion-dependent 3
thalassaemia (TDT) who
do not have a BYR°
genotype.

Delayed
engraftment

platelet

Insertional oncogenesis

Loss of response to gene
therapy

Neutrophil
failure

engraftment

Splenic rupture

Long-term safety and

efficacy
q

&

Na\

Protocol
submission

Interim data
analysis

)
N

Final  study
report
submission

4

O‘X\om

February

2020

At Glch

s

r% '
ecember

- December
2034

4Q 2039

Obligations in the context of a conditional marketing a
exceptional circumstances

O

S
Category 2 - Imposed mandatory additional ph rr@vigilance activities which are Specific
& sation or a marketing authorisation under

Study
207

HGB-

Ongoing

To evaluate the efficacy
of treatment with
Zynteglo finishe
product in patient
years
transfu5|on d&

thalas ae DT) who
do ave a BY/Ro

n
ge @at the B globin
’@gene

\F?) evaluate the safety of
treatment with Zynteglo
finished product in
patients <50 years of
age with TDT who do not
have a B%/B° genotype at
the HBB gene

ent B

platelet
raftment

Insertional oncogenesis

Loss of response to gene
therapy

Neutrophil
failure

engraftment

Splenic rupture

Long-term safety and
efficacy

Interim
results

Interim study
report when
all  included
adolescents
and adults
have
completed
the study

At
annual
renewal
the
conditional
marketing
authorisation

each

of

December
2021
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Study / Summary of | Safety concerns | .
L. Milestones Due dates
Status objectives addressed
Study HGB- | To evaluate the efficacy | Delayed platelet | Annual data | At each
212 of treatment with | engraftment update annual
Zynteglo finished . . renewal of
. . Insertional oncogenesis
product in patients <50 the
Ongoing years of age with | Loss of response to gene conditional
transfusion-dependent | therapy marketing
B-thalassaemia  (TDT) . authorisation
Neutrophil engraftment
who have a BYB° .
failure
genotype at the HBB
. Interim study ¢
gene Splenic rupture mber
report whe
To evaluate the safety of | Long-term safety and | all inclu@
treatment with Zynteglo | efficacy adole§®
finished  product in and : Its
patients <50 years of % IVS-
age with TDT who have I440/1VS-1-
a BY9/B° genotype at the <‘110 or IVS-I-
HBB gene @ 110/B°
genotype
OQ have
\ completed
O the study
Study LTF- | Monitor for long-term Ins&i nal oncogenesis | Annual data | At each
303 safety of the geneg~ update annual
< s of response to gene
ongoin therapy drug pron Zhera renewal of
going (i.e., 6 Py the
product”) p Long-term safety and conditional
bluebird bi sored efficacy marketing
clinical st '@- i.e., authorisation
“pare studies”) in
tre patients with .
. . Interim
globinopathies. December
. r Study Report 2024
\\k’onitor for long-term
b‘efﬁcacy of the drug
\@ product

Risk minimisation measures
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Safety concern Risk minimisation measures Pharmacovigilance activities

Delayed platelet | Routine risk minimisation measures Routine  pharmacovigilance  beyond

engraftment . adverse reactions reporting and signal
g - SmPC sections 4.4, and 4.8 )
detection:

- PL section 2 .
- Quarterly review of aggregate

Sign and symptoms of bleeding and safety data
recommendations if present included

. . Additional pharmacovigilance
in PL section 2.

. . . - Study REG-501
Restricted prescription medicine
- Study HGB-207
Additional risk minimisation uay @
measures - Study HGB-212 * 6

- Educational materials for é

healthcare professionals ®

- Educational materials for 0
patients @

- Patient alert card

pharmacovigilance beyond
e reactions reporting and signal

Insertional Routine risk minimisation measures
oncogenesis

- SmPC sections 4.3, 4.4, a )
> etection:
5.3
- terl i f t
~ pL section 2 O Quarterly review of aggregate
Q safety data
Recommendations r annual . .
L ) Additional pharmacovigilance
monitoring for leuka€mia/lymphoma
given in SmPC iom4.4 - Study REG-501
&od samples for - Study HGB-207

Collection Q
testing i aemia/lymphoma is

dia| en in SmPC section 4.4

- Study HGB-212

. - - Study LTF-303
ed prescription medicine

N0
’{;@Iitional risk minimisation
’\C) easures

- Educational materials for
@ healthcare professionals

- Educational materials for
patients
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Safety concern

Risk minimisation measures

Pharmacovigilance activities

Loss of response
to gene therapy

Routine risk minimisation measures

Routine pharmacovigilance beyond

— SmPC section 4.4

Restricted prescription medicine

Additional risk minimisation

measures

— Educational materials for
healthcare professionals

— Educational materials for
patients

— Patient alert cards

adverse reactions reporting and signal
detection:

- none

Additional pharmacovigilance

- Study REG-501

D

N
- Study-HGB-212 ¢\

- Study HGB-207

Neutrophil
engraftment
failure

Routine risk minimisation measures

- Study LT%O
N
Routine beyond

— SmPC section 4.4
— PL sections 2 and 3_

Restricted prescription medicine

%@coviqilance
adverse sredebions reporting and signal

detechi

Q

>Additional pharmacovigilance

Quarterly review of aggregate
safety data

Additional risk minimisa
measures
O - Study REG-501
— Educational ate@ for
- Study HGB-207
healthcare profecw) Is
- Study HGB-212
D
Splenic rupture Routine  pharmacovigilance  beyond
. adverse reactions reporting and signal
- S ection 4.4 .
detection:
Re ic&rescription medicine .
- Quarterly review of aggregate
itfonal risk minimisation safety data
L 3
sures
. Additional pharmacovigilance
- Educational materials for

healthcare professionals

- Study REG-501
- Study HGB-207

- Study HGB-212
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Safety concern Risk minimisation measures Pharmacovigilance activities

Long-term safety | Routine risk minimisation measures Routine  pharmacovigilance  beyond

and efficac . adverse reactions reporting and signal
y - SmPC section 4.4 )
detection:

Restricted prescription medicine .
- Quarterly review of aggregate

Additional risk minimisation safety data
measures
Additional pharmacovigilance
- Patients alert cards
- Study REG-501
- Controlled distribution
- Study HGB-207 @

Study HGB-212 ‘\6

- Study LTF-30 K

Use in patients | Routine risk minimisation measures Routine phar&gwgilance beyond

over 35 years of . adverse reacti reporting and signal
- SmPC section 5.1 .
age detection:
Restricted prescription medicine . .
- bpopulation analysis of safety
Additional risk minimisation n patients over the age of 35
measures years will be included with each
PSUR.
- none \
Additional pharmacovigilance

RN s

The CHMP, CAT and PRAC considered that tca)\sk management plan version 1.0 is acceptable.
2.8. Pharmacovigilance 60

Pharmacovigilance syst&:D

The CHMP and CAT consi%d at the pharmacovigilance system summary submitted by the applicant
fulfils the requirements icle 8(3) of Directive 2001/83/EC.

>
Periodic Saf date Reports submission requirements
The require for submission of periodic safety update reports for this medicinal product are set
out in ex II, Section C of the CHMP Opinion. The new EURD list entry will therefore use the EBD
tod e the forthcoming Data Lock Points.

2.9. New Active Substance

Autologous CD34+ cell-enriched population that contains hematopoietic stem cells transduced with
lentiviral vector encoding the BA-T87Q-globin gene has not been previously authorised in a medicinal
product in the European Union (EU).
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2.10. Product information

2.10.1. User consultation

The results of the user consultation with target patient groups on the package leaflet submitted by the
applicant show that the package leaflet meets the criteria for readability as set out in the Guideline on
the readability of the label and package leaflet of medicinal products for human use.

2.10.2. Labelling exemptions

A request to omit certain particulars from the labelling as per Art.63.3 of Directive 2001/83/EC been
submitted by the applicant and has been found acceptable by the QRD Group for the followi ons:

The QRD agreed to use the particulars for small immediate packaging units for the inﬂ.&@gs. Whilst
this labelling text is only intended for small containers of 10 mL or less and the Zy infusion bag
has a volume of 20 mL, a large amount of information needs to be included on Qmary packaging
label for this autologous ATMP. The limitations of the available space for th&%;of the infusion bag
only allow for the inclusion of the labelling text for small immediate contair% e QRD agreed that a
Lot Information Sheet containing the strength (cell concentration) of ea , the dose, the number of
lots, the total number of infusion bags for the individual patient, @vould supplement the minimum
particulars to appear on the infusion bag label.

2.10.3. Additional monitoring QQ

Pursuant to Article 23(1) of Regulation No (EU) 726/2%9ynteglo (autologous CD34+ cell-enriched
population that contains hematopoietic stem cell SCs) transduced with lentiviral vector (LVV)
encoding the BAT87Q-globin gene) is included in t itional monitoring list as it contains a new active
substance which, on 1 January 2011, was noicontained in any medicinal product authorised in the EU
and it is approved under a conditional marl@ authorisation.

t includes a statement that this medicinal product is subject
ill allow quick identification of new safety information. The
equilateral black triangle.

Therefore, the SmPC and the packag
to additional monitoring and tha
statement is preceded by an invﬁ

3. Benefit-Ris%&agnce
3.1. Therape(&;@ontext

*
3.1.1. Di%\e or condition

The cla ndication is the treatment of patients 12 years and older with transfusion-dependent -
thala ia (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.

3.1.2. Available therapies and unmet medical need

TDT is most frequently managed with supportive care that includes lifelong regular RBC transfusions,
given every 2 to 5 weeks, aimed at maintaining Hb levels = 9 g/dL (Cappellini et al. 2014) to mitigate
symptoms of anaemia and suppress ineffective erythropoiesis. Due to excess iron introduced through
chronic transfusions, patients with TDT also require an intensive regimen of iron chelation using oral
and/or injectable chelating agents to minimize iron overload in organs, particularly in the liver, heart,
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and endocrine system.

No medicinal product has been approved to date to address the underlying cause of TDT. At the time
of MAA review, allogeneic HSCT was the only potential cure for TDT where cure is defined as a treatment
that may achieve near normal or normal levels of total haemoglobin and eliminate the need for
transfusions. Allogeneic HSCT addresses the underlying genetic cause of TDT and can restore
production of functional RBCs. If allogeneic HSCT is performed early enough, it is also possible to
prevent iron overload and its associated complications. Allogeneic HSCT is associated with risks for
serious complications, such as graft-rejection, graft-versus-host disease (GVHD), and infection. Due to
well-documented safety concerns, allogeneic HSCT is offered primarily to the minority of children and
adolescents who have an available human leukocyte antigen (HLA)-matched sibling donor [<25% of
cases (Angelucci et al. 2014)]. However, in practice, a far smaller proportion of eligible patie ally
undergo allogeneic HSCT due in part to persistent concerns over procedure-related toxici%

3.1.3. Main clinical studies é\

The clinical development program of Zynteglo for the treatment of patients QT includes 5 single
arm clinical studies: 2 Phase 1/2 studies (Studies HGB-205 and HGB-204); ase 3 studies (Studies
HGB-207 and HGB-212), and 1 long-term follow-up study (Study LTF-30

The manufacturing process was refined to ultimately achieve high Is of HbAT87Q values in patients
following the clinical finding from study HGB 204 that the ba ufacturing process would not be
sufficient in patients with no endogenous HbA, i.e. patie B%/B° genotype. The refined and
commercial manufacturing process have only been use i@votal studies HGB-207 and HGB-212 in
patients with TDT. \

As of 13 December 2018, a total of 32 non-BZ atients have been treated, of which 11 were
adolescents and 21 were adults. The age range w 2 to 35 years, the youngest patient (age 12 years)
was enrolled in study HGB-207. %‘i,

completed any of the above parent st for an additional 13 years of follow-up, for a total of 15 years
of follow-up post-drug product i n. As of 13 December 2018, the follow-up time has been up to
approximately 60 months pos {q product infusion.

The ongoing long-term follow-up Stﬁ@FG% includes patients treated with Zynteglo who have

3.2. Favourable e%bts

The natural histor‘ -thalassaemia is well known and patients do not spontaneously produce higher
levels of HbA me transfusion independent. The mechanism of action of Zynteglo addresses the
underlying g '\cause of the disease by the administration of HSCs containing functional copies of the
BA-T87Q- o@gene through an autologous HSCT procedure.

All n B patients who received Zynteglo produced Hb containing BA-T872-globin (HbAT87Q), Median
HbAT8”Qlevels increase from month 1 through approximately month 6 to month 9 post-HSCT, after which
stabilisation is observed. For patients with the non-B%/B° genotype, HbAT87Q expression level at any time
point was variable between patients, but kinetics were similar between patients.

A correlation between PB VCN and transgene expression (HbAT87Q) and efficacy outcomes (total Hb,
transfusion independence and reduction) has been shown. Although limited clinical data are available for
study HGB-207 performed with drug product produced from the refined and commercial manufacturing
processes, the preliminary results showed an improved efficacy with a similar safety.

The majority of patients with TDT who do not have a B%/B° genotype treated with Zynteglo in study HGB-
204 and HGB-205 have achieved TI (11 out of 14; 78.6%). For study HGB-207, 4 out of 5 TI-evaluable
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patients achieved TI (data cut: 13 December 2018), and based on a developed prediction model
(generated from Studies HGB-204, HGB-205 and the 5 TI-evaluable patients in Study HGB-207), an
additional 6 patients from Study HGB-207 produced close to 8 g/dL or more HbAT87Q at Month 6 and are
predicted to achieve TI with =98% probability. Therefore the results appear to be in line with the results
of studies HGB-204 and HGB-205. Achievement of TI is clinically meaningful, eliminating the need for
regular blood transfusions and associated comorbidities due to iron overload.

In patients with TDT who do not have a B%B° genotype who have not achieved TI (n=4), reductions in
transfusion volume requirements and/or transfusion frequency were observed, ranging from 26.8% to
100% reduction in transfusion volume (compared to baseline pre-treatment requirements). While the
transduction efficiency was not sufficient to provide adequate expression of HbA™7Q to suppe#t, TI in
these patients, they still received clinical benefit by meaningful reduction in transfusions.

Support of efficacy of Zynteglo is partially derived from the B%/B° patients. Although o\'@ﬁinority of
B9/B0 patients achieved TI, the 6 out of 8 B%/B? patients in Study HGB-204 who h achieved TI
achieved a median transfusion volume reduction of -63.3% (-76.3%, -8.3%). Qé

t

Clinical responses across studies have been durable. Once TI was achieved, us was durable for
non-B°%/B° patients with the minimum duration of TI to date ranging f .0+ to 56.3+ months
(depending on the time of follow-up). No non-B%B° patient who achi TI has since required a
transfusion and TI status was maintained. Non-B%/B° patients who ved TI and who have completed
at least their Month 30 Visit (N = 7) all had their last pRBC trans Q,m the parent study and remained
transfusion-free throughout the follow-up Study LTF-303, trating stable integration of LVV
provirus into long-term progenitor HSCs and stable expressiQh,of the transgene in erythroid cells.

PD parameters and efficacy results showed consist&v across studies (HGB-204 and HGB-205)
irrespective of the drug process change. HGB-207 rformed with the refined and commercial drug
manufacturing processes, which are expected toNinckease achievement of TI in even a larger portion of
treated patients, due to increased DP VCNs r a number of patients, a higher expression of HbAT87Q
was observed in study HGB-207. As of D er 2018, all patients who were predicted to achieve TI
based on pharmacodynamic modellin ho have become evaluable for TI have achieved TI.

Across all clinical studies to date ignificant or clinically relevant differences in effect of treatment
were observed across gender, or race, although the sample size is small.

A main long-term benefitN\ef nd the normalisation of Hb levels is expected to be a limitation or
reduction in organ dan@ from iron overload. The follow-up is too short to accurately determine
whether a decrea ikon burden in the liver and heart are obtained in all patients who achieved TI
status but the pr 9\ary data do seem to indicate a reduction in serum iron burden-related parameters,
as indicated @wovements in ferritin (7/8 patients with Baseline values), serum transferrin (7/9
patients), iron (7/9 patients), and transferrin saturation (5/7 patients with Baseline and M24
values)

3.3. Uncertainties and limitations about favourable effects

Endogenous Hb fractions contribute to total Hb in patients with TDT with non-B%/B° genotype and may
complement HbAT87Q production and thus help to achieve TI. Two non-B%/B° patients in Study HGB-207
with the severe non-B° mutation IVS-I-5 (1 patient with IVS-I-5/IVS-I-5 and 1 patient with IVS-I-5/B9)
have <1 g/dL of endogenous HbA. At the opposite end of the spectrum, a patient with a HBB:c.92+1G>T
B° mutation compound heterozygous with an unknown second HBB mutation is an outlier with high
endogenous B-globin production of 5.1 g/dL of endogenous HbA. In spite of these substantial differences
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in endogenous B-globin production, these 3 patients met the criteria for TI, thus the level of endogenous
Hb influences only to a small extent the total Hb level post-HSCT with Zynteglo transduced cells.

Products manufactured using the base manufacturing process cannot be considered fully comparable
with those manufactured with the refined or commercial manufacturing processes, and thus data
obtained with material from the original or base manufacturing processes can only be considered as
supportive for a full MAA. Ongoing Phase 3 Studies (HGB-207 and HGB-212), which used the refined and
commercial manufacturing processes, have treated 3 patients of the B%/B° genotype (in Study HGB-212).
To guarantee that no patient is treated with a sub-optimal batch, tight control of the drug product
potency attributes was implemented to ensure that the benefit of treatment with the commercial process
is clinically in line with that of Phase 3 studies, which is of particular importance for patients very
low endogenous Hb production. Furthermore, it is proposed to re-evaluate the acceptanc a for
attributes related to drug product potency tests using batch release data and clinical & after 6
months follow-up of 20 patients treated with commercial batches. K

r& list of inclusion

and has shown to be
ies is limited. As this
oposed in order to obtain

Overall, the number of patients is limited and patients were selected using an ex
and exclusion criteria. Even so, the efficacy is consistent over the clinical stu
durable, the follow-up time for a substantial number of patients in Phase
application concerns a conditional approval, specific obligations have be

more efficacy and safety results from studies HGB-207, HGB-212 and{L. TF-303.

3.4. Unfavourable effects QQ

48 patients with TDT have received Zynteglo. The overal y profile seems to be in line with HSCT
procedures. The most common AEs were thrombocyt a (84.6%), anaemia (76.9%), stomatitis

(66.7%), alopecia (64.1%), nausea (61.5%), vom (59.0%), and neutropenia (56.4%). The AEs
related to Zynteglo are thrombocytopenia, a@nmal pain, non-cardiac chest pain, pain in the
extremities, dyspnoea and hot flush. \

SAEs included infections, bleeding e\&)thrombotic events, hepatic events (including VOD),

hyperglycaemia and others (transf reaction, anaemia, depression and hypoxia). One SAE
(thrombocytopenia) was consider 0 drug product (Zynteglo) infusion.
The safety profile of Zyntegl takes into consideration the AEs of the mobilisation/apheresis and

especially conditioning regi
noted that pyrexia was

enylcarrying a particular risk of veno-occlusive disease and infertility. It is
ported in patients <18 years (n=3, 16%) and that VOD occurred relatively
more frequent in s old patients (16% vs 7%). Please refer to section 4.8 of the SmPC for the
list of AEs relat‘edg} mobilisation, apheresis and myeloablative conditioning. Contraindications to the
mobilisation (& nd the myeloablative conditioning agent must be considered.

Zynteglo i raindicated in pregnant and breast-feeding women (see section 4.3 and 4.6 of the
SmPQ). dition, Zynteglo is contraindicated in previous treatment with HSC gene therapy.

When compared to allogeneic HSCT a delay in platelet engraftment was noted. This has been reflected
in section 4.4 of the SmPC.

The parameters indicative of iron load in patients in the study are rather variable. The values are within
the range reported in literature. No analyses on potential relationship between the other parameters for
iron overload (T2* and ferritin) was provided. The risk of iron load has been adequately described section
4.4 in the SmPC and there is currently no indication for a relation between baseline iron load and clinical
outcome.
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3.5. Uncertainties and limitations about unfavourable effects

Due to the limitations in the safety database (such as the limited number of patients, single arm trial
design) it is difficult to fully discriminate between adverse effects caused by Zynteglo and those by the
concomitant treatment/HSCT procedure, or determine whether Zynteglo exposure may have contributed
to the occurrence of AEs. Nevertheless, adverse reactions have been described specifically for the
mobilisation/apheresis, myeloablative conditioning and product in the SmPC. Also common AEs that may
be caused by Zynteglo treatment may be missed. As patient numbers are limited, safety data were
pooled across studies, TDT genotypes, cell doses and manufacturing processes. No apparent differences
in the safety profile have been observed based on these factors, although patient numbers are low.
Similarly, a conclusion on the effect of intrinsic factors (age, race, gender, genotype) on the safeé;oﬁle
of Zynteglo is complicated by low patient numbers. Long-term follow up is limited, i@ icular
considering the expected life-long activity of the product. This is especially the case for s treated
with the commercial manufacturing process. Study HGB-207 was performed with pr made using
the refined or commercial manufacturing processes; the preliminary results show proved efficacy
with a similar safety. Additional safety data are expected with studies HGB—2@B—212 and LTF-303
as well as with the registry (REG-501). 0

With respect to the treatment protocol, the mobilisation was conduct@vith plerixafor and G-CSF.
Plerixafor was not authorised in the EU for use in paediatric patients %the time of MAA review and did
not have an indication for use in non-malignant diseases (Mozobi ). The applicant has committed
to continue to monitor the safety of using G-CSF and plerixa mobilisation, through the Registry
REG-501 to collect all serious adverse reactions related to j:Qs lon agents, including plerixafor.

A later platelet engraftment in the younger age group ( an day of engraftment 51 days in younger
vs 36 days in adult patients) has been shown, as @ as neutrophil engraftment which seems to be
somewhat later in the younger age group (mediar(26,d vs 19 d <18y vs =18y). As there are confounding
factors and population is limited, it cannot bé%;alished whether indeed age was a contributing factor
for this apparent delayed engraftment. T, (911

thrombocytopenia and bleeding acco éﬂ standard guidelines. Blood cell count determination and
other appropriate testing should beémptly considered whenever clinical symptoms suggestive of
bleeding arise.

C provides recommendations to monitor patients for

Section 4.4 of the SmPC reco@ends that patients should receive rescue treatment with the back-up
C

cell collection when expegriéncing neutrophil engraftment failure (see also section 4.2 of the SmPC). In
clinical trials, no patie d to engraft bone marrow, as measured by neutrophil engraftment (N=42).
>

Zynteglo is a g;nm py product using an LVV to genetically modify HSCs. Theoretical safety concerns

mainly consi sertional oncogenesis and replication competent retrovirus, these have been

minimised design of the lentiviral construct and through the manufacturing process. Integration
site an ISA) have been performed through the non-clinical investigations and repeatedly analysed
usinghi amplification mediated PCR (LAM-PCR) in patients included in clinical studies. Of the patients

with available ISA data (N=59), no evidence of clonal dominance has been reported. Potential effects
due to transgene overexpression, loss of efficacy and the possibility for the formation of replication
competent lentiviral cannot be fully excluded. No clinical symptoms of myeloproliferation have been seen
in patients treated with Zynteglo. The SmPC recommends that patients should be monitored annually
for leukaemia or lymphoma (including with a complete blood count) for 15 years post treatment with
Zynteglo. If leukaemia or lymphoma is detected in any patient who received Zynteglo, blood samples
should be collected for ISA. Additional long-term safety data will be provided by a 15-year long-term
follow-up observational registry for patients treated with Zynteglo which will monitor the identified and
potential risks in an increased number of patients and according to the safety specifications of the RMP.
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3.6. Effects Table

Table 43: Effects Table for Zynteglo for Patients with TDT (data as of 13 December 2018)

Short Unit

Description

Treatment

Control

Uncertainties/
Strength of
evidence

References

Favourable Effects

Transfusion Proportion of n/N 15/19 (79%; 95% NA The single patient in Studies
Independence patients with (%) CI: Study HGB-207 who HGB-204,
(TI) for a weighted 54% to 94%) has not achieved TI HGB-205,
evaluable average exhibited a HGB-207,
non-B°%/B° haemoglobin substantial decline LTF-303.
patients (Hb) =9 from DP VCN to PB
g/dL without VCN, resulting in low
any pRBC HbAT®7Q production
transfusions
for a Study HGB-205 was
continuous performed with the
period of = base manufacturing
12 months at process, HGB-204
any time with the original
during the manufacturing
study after process, HGB-207
Zynteglo with the refined or
infusion commercial
manufacturing
process.
Observed min, 12.0+ to 56.3+ All non-B%/BP patients  Studies
duration of TI max months. who have achieved TI HGB-204,
for non-B%/B° * median duration at any time have HGB-205,
patients of TI not reached maintained their TI HGB-207,
status through all Hb LTF-303.
assessments.
True duration of TI is
unknown as follow up
time is limited.
Transfusion % change in % -26.8%, NA Small number of Studies
Reduction annualized -71.4% patients HGB-204,
(TR) in non- transfusion -86.9%, HGB-205,
B%/BC patients  volume from -100% HGB-207.
that did not the period
achieve Tl at from 6 ‘
any time months post-
(n=4) DPI through
Month 24 as
compared to
annualized
baseline
pretreatment
transfusion
requirements
Unfavourable Effects
AE for all Patients with % (n) 98.2% (n=56) NA Limited safety
patients with at Least 1 AE database,
TDT (ITT) contribution of

Zynteglo to the
overall safety profile
cannot be
distinguished from
that of concomitant
treatment/HSCT
procedure
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Short

Description

Treatment Control

Uncertainties/ References
Strength of

evidence

SAE for all Patients with % (n) 50.9% (n=29) NA Limited safety
patients with at Least 1 database, one AE was
TDT (ITT) SAE assessed as possibly
related
to drug product
Common AE AEs % Thrombocytopenia NA Limited safety
for all occurring in (82.5%), database,
patients with at least 50% Anaemia (71.9%), contribution of
TDT (ITT) of patients Stomatitis Zynteglo to the
(64.9%), overall safety profile
Vomiting cannot be
(50.9.%), distinguished from
Neutropenia that of concomitant
(57.9%), treatment/HSCT
Alopecia (52.6%) procedure
Delayed Time to Median, 41.5 (min 19, < 30 contribution of
platelet platelet days max 191). days Zynteglo to the
engraftment values =20 delayed platelet
for all x10°/L on 3 engraftment remains
patients with consecutive unexplained
TDT days

Abbreviations: DPI = drug product infusion, ITT = Intent-to-Treat, TI= transfusionerendence

3.7. Benefit-risk assessment and discussionog

3.7.1. Importance of favourable and unf}\Qrable effects

TDT is a severe condition in which patients reqs.? ular pRBC transfusions for survival, resulting in
unavoidable iron overload which in turn, in Gﬁta ence of appropriate and maintained iron chelation,
can cause serious cardiac, liver, and endodfing Comorbidities, and shortened lifespan compared to the
general population. At the time of # view, the only potential curative treatment option was
allogeneic HSCT. Despite the fact tha @ pgeneic HSCT is associated with significant risks, this has been
the preferred treatment option T patients who have an HLA-matched sibling stem cell donor,
indicating the benefit obtain the transplantation process, i.e. becoming transfusion free and
avoiding the risk of iron oﬂrl@and the need for iron chelation therapy.

15/19 (79%) patients DT, who do not have a B%B° genotype and who were eligible for HSCT but
had no matched s&\ onor, were treated with Zynteglo in study HGB-204, HGB-205, and HGB-207,
and achieved BL. This'can be considered as a major clinical benefit of Zynteglo treatment. This clinically
relevant effe \upported by pharmacodynamic parameters.

While t %efit of treatment in the studied population is evident, uncertainties regarding this benefit
rem safety profile also includes the AEs related to mobilisation, apheresis and myeloablative
conditioning. There is a theoretical risk associated with genetically modified cells involving an integrative
LVV (and notably the risk of insertional oncogenesis). The limited patient numbers and long-term safety
data complicate the evaluation of the contribution of Zynteglo to the safety profile of HSCT.

Additional efficacy and safety data will be further substantiated by the ongoing clinical development
(study HGB-207 and study HGB-212) and the long-term follow-up monitoring of patients (LTF-303 and
registry REG-501). Finally, further support for the assumption that the commercial manufacturing
process is clinically in line with the refined manufacturing process batches is expected to be obtained by
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a re-evaluation of the acceptance criteria for attributes related to potency tests using batch release data
and clinical results after 6 months follow-up of patients treated with commercial batches.

3.7.2. Balance of benefits and risks

The benefit-risk balance of Zynteglo for the 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” is positive.

3.7.3. Additional considerations on the benefit-risk balance é
Conditional marketing authorisation 66

The product falls within the scope of Regulation (EC) No 507/2006 concerning CQ naI marketing
authorisations, as it aims at the treatment of a seriously debilitating disease aqc ly recognised by
the EU as an orphan medicinal product. Zynteglo has been accepted as PRI cknowledging that it
addresses an unmet medical need and that its early availability would beb idered beneficial.

The development has been the patient of several protocol assistance adwvices to determine the most
appropriate time and endpoint for the submission of the marketi iuthorisation and to support the
design of the post-authorisation studies. These included two advices with Health Technology
assessment bodies. [@

The product falls within the scope of Article 14-a of Re @1 (EC) No 726/2004 concerning
conditional marketing authorisations, as it aims at trQ ment of a seriously debilitating disease.

Furthermore, the CAT/CHMP considers that the
marketing authorisation:

e The benefit-risk balance is postweQC)

fulfils the requirements for a conditional

e It is likely that the applicant will ble to provide comprehensive data. The applicant is likely to

be able to provide compreh data relevant to the initial indication including long-term safety
and efficacy data for ad adolescent patients with TDT who have a non-B%/B° genotype, post
initial approval from\ wing sources: Phase 3 Study HGB-207, Phase 3 study HGB-212 and
Long-term follow dy LTF-303.

e The unmet m I need has been addressed. The therapeutic armamentarium for the treatment

of TDT n5|dered insufficient. The symptomatic approach of transfusions combined with

td

iron ch therapy may result in a certain improvement of life expectancy. The challenges with

rega e effects, insufficiency of a non-curative approach as well as non-adherence as a result

den of treatment remain. The only curative treatment option on the other hand, allogeneic

, is associated with severe side-effects and reactions. The treatment of TDT, therefore,
represents an unmet medical need.

e The benefits to public health of the immediate availability outweigh the risks inherent in the fact
that additional data are still required. The majority of patients with TDT who have a non-B°%/R°
genotype treated with Zynteglo in study HGB-204 and HGB-205 have achieved TI (11 out of 14;
78.6%). For study HGB-207, 4 out of 5 TI-evaluable patients achieved TI (data cut: 13 December
2018), and based on a developed prediction model (generated from Studies HGB-204, HGB-205
and the 5 TI-evaluable patients in Study HGB-207), an additional 6 patients from Study HGB-207
produced close to 8 g/dL or more HbAT87Q at Month 6 and are predicted to achieve TI with >98%
probability. Achievement of TI is clinically meaningful, eliminating the need for regular blood
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transfusions and associated comorbidities due to iron overload. These effects are expected to be
life-long, following successful engraftment in the patient.

As comprehensive data on the product are not available, a conditional marketing authorisation was
requested by the applicant in the initial submission and is agreed by the CAT and CHMP.

Because of the limited number of patients in the clinical studies; comprehensive data is required to be
provided by the applicant as laid down in the following specific obligations:

e In order to confirm the efficacy and safety of Zynteglo in patients 12 years and older with TDT
who do not have a B%/B° genotype, the MAH should submit interim and final data on Study HGB-
207.

e In order to confirm the efficacy and safety of Zynteglo in patients 12 years and old@ith TDT
who do not have a B%/B° genotype, the MAH should submit interim and final da@n patients
f

with a severe non B%/B° genotype such as IVS I-110/IVS-I-110 and IVS I- rom Study
HGB-212.

e In order to confirm the efficacy and safety of Zynteglo in patients 1 and older with TDT
who do not have a B%B° genotype, the MAH should submit interi and the 5 years follow-

up results of study LTF-303.
In addition, the following two Annex II conditions are requested: K

e In order to further confirm the appropriateness of t tance criteria, the MAH should re-
evaluate the acceptance criteria for attributes rel 0 potency tests using batch release data
and clinical results after 6 months follow-up of & ents treated with commercial batches.

¢ Non interventional post-authorisation safe @ efficacy study: In order to further characterise
and contextualise the long-term safety fficacy of Zynteglo in patients 12 years and older
with TDT who do not have a B%B% g pe, the MAH should conduct and submit the results of
a study based on data from a pro egistry (REG-501) and use data on patients treated with
transfusions and/or HLA-matc genic HSCT treated patients from an established European
registry as a comparator gr

Accelerated assessment @

This application has been&es d on an accelerated timetable.

3.8. Conclus:o

The overall b sk proﬂle of Zynteglo is positive.

The CHMP, se the CAT conclusion on benefit-risk balance as described above.
4. ommendations

Outcome

Based on the CAT review of data on quality, safety and efficacy, the CHMP considers by consensus that
the benefit-risk balance of Zynteglo is favourable in the following 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.”
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The CHMP therefore recommends the granting of the conditional marketing authorisation patient to the
following conditions:

Conditions or restrictions regarding supply and use

Medicinal product patient to restricted medical prescription (see Annex I: Summary of Product
Characteristics, section 4.2).

Other conditions and requirements of the marketing authorisation
Periodic Safety Update Reports @é

The requirements for submission of periodic safety update reports for this medicinal pr‘ are set out
in the list of Union reference dates (EURD list) provided for under Article 107c(7) of Dj ive 2001/83/EC
and any subsequent updates published on the European medicines web-portal.Q

The marketing authorisation holder shall submit the first periodic safety up@teport for this product
within 6 months following authorisation. @

Conditions or restrictions with regard to the safeéd effective use of the

medicinal product Q

Risk Management Plan (RMP) O

The MAH shall perform the required pharmacovigilan Bities and interventions detailed in the agreed
RMP presented in Module 1.8.2 of the marketing risation and any agreed subsequent updates of
the RMP.

o

An updated RMP should be submitted:

e At the request of the Europ dicines Agency (EMA);

e Whenever the risk ma @ent system is modified, especially as the result of new
information being receied that may lead to a significant change to the benefit/risk profile or
as the result of @n i rtant (pharmacovigilance or risk minimisation) milestone being

reached. @

Additional risk m’i\ isation measures

*
Prior to laun O& teglo in each Member State the Marketing Authorisation Holder (MAH) must agree
t and format of the educational and controlled distribution programme, including

about the
comm ':@n media, distribution modalities, and any other aspects of the programme, with the
Nati mpetent Authority.

The educational and controlled distribution programme is aimed at providing information on the safe use
of Zynteglo.

The MAH shall ensure that in each Member State where Zynteglo is marketed, all healthcare professionals
and patients/carers who are expected to prescribe, dispense and/or use Zynteglo have access to/are
provided with the following educational package to be disseminated through professional bodies:

e Physician educational material

e Patient information pack
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The physician educational material should contain:

o

o

The Guide

The Summary of Product Characteristics

Guide for healthcare professionals

Guide for handling and method of administration

for healthcare professionals shall contain the following key elements:

Warnings and precautions of the mobilisation agents and the myeloablative conditioning
agent must be considered.

Treatment with Zynteglo in the clinical trials was associated with delayed platelet

engraftment. No correlation was observed between incidence of bleeding AE an eto
platelet engraftment. Precautions regarding bleeding consequences of thro?@topenia
need to be taken. Patients should be made aware of the risk of bleedingé nts that are

not easily identifiable, such as internal bleeding.
s&al mutagenesis,

e advised on signs of
are present.

Treatment with Zynteglo is in theory associated with the risk of i
potentially leading to development of malignancy. All patient éb
leukaemia and to seek immediate medical attention if these si&

A negative serology test for HIV is necessary to ensure@ tance of apheresis material
for Zynteglo manufacturing.

The potential risk of loss of response to gene y may lead to loss of transfusion
independence or increase transfusion needs tients who did not reach transfusion-

independence. O

All patients should receive annual md@ring of complete blood counts and total
haemoglobin levels to monitor f kaemia/lymphoma and maintenance of efficacy,
respectively.

The short-term potential &reatment with Zynteglo represents failure of engraftment,
which shall be mana administration of rescue cells.
The need to expl @;ensure that patients understand:

—  potemtiglrisks of treatment with Zynteglo

- *signsof leukaemia/lymphoma and what action to take

2

ntent of patient’s guide
6 the need to carry the patient alert card and show it to every healthcare

§® professional
— enrolment in the drug product Registry

o

The Guide

Scope of the Registry and how to enrol patients

to handling and method of administration for healthcare professionals shall contain

the following key elements:

o

(e]

o

Instructions on receiving and storing of Zynteglo and how to check Zynteglo prior to
administration

Instructions about the thawing of Zynteglo

Instructions on protective equipment and treatment of spills.
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The patient information pack should contain:

o Package leaflet
o A patient/carer guide

o A patient alert card

The patient/carer guide shall contain the following key messages:

o Treatment with Zynteglo is in theory associated with the risk of development of

malignancy. Signs of leukaemia and the need to obtain urgent medical care if these signs

are present.

o Patient alert card and the need to carry it on their person and tell any treating h@hcare
professional that they were treated with Zynteglo. ‘\

o The potential risk of loss of response to gene therapy may lead to loss Q&mfusion
independence or increase transfusion needs for patients who did r@ transfusion-

independence. 0

o The importance of annual check-ups. @

o Treatment with Zynteglo is associated with the risk of @@d platelet engraftment that
could lead to an increased tendency for bleeding. g
C

o Signs and symptoms of bleeding and the need t the physician if any signs of
unusual or prolonged bleeding or any other t signs are present.

o Enrolment in the drug product Registry.o

The patient alert card shall contain the foI@g key messages:

The M

o Information of risk of delayed p@ engraftment, potentially leading to bleeds, and

theoretical risks.
o Statement that the pab@s treated with gene therapy and should not donate blood,
organs, tissues, or cgll

o Statement th t@tient was treated with Zynteglo, including LOT number and
treatment d

o DetaiIs’@orting of adverse effects.

Ié@on on the possibility of false positivity of certain commercial HIV tests because of
lo.

ntact details where a health care professional can receive further information.

o

shall ensure that in each Member State where Zynteglo is marketed, a system aimed to

control distribution to Zynteglo beyond the level of control is ensured by routine risk minimisation
measures. The following requirements need to be fulfilled before the product is prescribed,
manufactured, dispensed and used:

Zynteglo will only be available through bluebird bio qualified treatment centres to ensure

traceability of the patient’s cells and manufactured drug product between the treating hospital

and manufacturing site. The selection of the treatment centres will be conducted in
collaboration with national health authorities as appropriate.
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Obligation to conduct post-authorisation measures

The MAH shall complete, within the stated timeframe, the below measures:

Description Due date

In order to further confirm the appropriateness of the acceptance criteria, the Interim report:
MAH should re-evaluate the acceptance criteria for attributes related to potency | at each annual
tests using batch release data and clinical results after 6 months follow-up of renewal

20 patients treated with commercial batches.

When 20
patients

been% d
wi \ onths

_up
N

Non interventional post-authorisation safety and efficacy study: In order to %,}rotocol
further characterise and contextualise the long-term safety and efficacy o submission:
Zynteglo in patients 12 years and older with transfusion-dependent (3- February 2020
thalassaemia (TDT) who do not have a B%B° genotype, the MAH sho%:l conduct
and submit the results of a study based on data from a product r y (REG-
501) and use data on patients treated with transfusions and/o%—matched Interim results:
allogenic HSCT treated patients from an established Euro stry as a

6 - at each annual

comparator group. \
renewal

QO - Dec. 2024
- Dec. 2034

60 Final results: Q4
(O 2039

N
Specific Obligatio complete post-authorisation measures for the
conditional ma g authorisation

*
This being a ional marketing authorisation and pursuant to Article 14-a of Regulation (EC) No
726/2004, H shall complete, within the stated timeframe, the following measures:

De@é‘ Due date

In or&r to confirm the efficacy and safety of Zynteglo in patients 12 years and | Interim results:

older with transfusion-dependent B-thalassaemia (TDT) who do not have a at each annual
B°/B° genotype, the MAH should submit interim and final data on Study HGB- renewal
207

Final results:

December 2021

In order to confirm the efficacy and safety of Zynteglo in patients 12 years and | Interim results:
older with transfusion-dependent B-thalassaemia (TDT) who do not have a at each annual
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Description Due date

B%/B0 genotype, the MAH should submit interim and final data from patients renewal
with a severe non-B%/B° genotype such as IVS-I-110/IVS-1-110 and IVS-I-
110/B° from Study HGB-212.

Final results:
December 2021

In order to confirm the efficacy and safety of Zynteglo in patients 12 years and | Interim results:
older with transfusion-dependent B-thalassaemia (TDT) who do not have a at each annual
B%/B° genotype, the MAH should submit interim data and the 5 years follow-up renewal e

results of Study LTF-303.
Fing %Its:
Pg‘ er 2024

Conditions or restrictions with regard to the safe and effi \Qe use of the
medicinal product to be implemented by the Member s

QQ}

Based on the CHMP review of the available data, the C @nsiders that autologous CD34+ cell-
enriched population that contains hematopoietic ste c&transduced with lentiviral vector encoding
the BAT87Q-globin gene is a new active substance not a constituent of a medicinal product
previously authorised within the European Union.

Not applicable.

New Active Substance Status

Paediatric Data 0()

Furthermore, the CHMP reviewed t lable paediatric data of studies subject to the agreed
Paediatric Investigation Plan P/Q 015 and the results of these studies are reflected in the SmPC
and, as appropriate, the Pac aflet.

AN
o

QS
N\
DO

Q
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