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Confidential

Pre-meeting briefing

Strimvelis for the treatment of adenosine
deaminase deficiency-severe combined
immunodeficiency [ID926]

This slide set is the pre-meeting briefing for this evaluation. It has been prepared

by the technical team with input from the committee lead team and the committee

chair. It is sent to the appraisal committee before the committee meeting as part

of the committee papers. It summarises:

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

the Evidence Review Group (ERG) report

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

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

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

National Institute for Health and Care Excellence

Pre-meeting briefing — Strimvelis for the treatment of adenosine deaminase deficiency-severe
combined immunodeficiency

Issue date: September 2017



Key abbreviations

ADA Adenosine deaminase IQ Intelligence quotient
ADA-  |Adenosine deaminase-severe combined VIG Intravenous immunoalobulin
SCID  |immunodeficiency g
AE Adverse event LTFU Long-term follow-up
BMT Bone marrow transplant LY Life years
CUP Compassionate use programme MFD Matched family donor
EBMT European Society for Blood and Marrow MRD Matched related donor
Transplant
EMA European Medicines Agency MSD Matched sibling donor
ERT Enzyme replacement therapy MUD Matched unrelated donor
ESID |[European Society for Immunodeficiencies [NPP Named Patient Programme
GOSH |Great Ormond Street Hospital PedsQL |Paediatric Quality of Life Inventory
GvHD  |Graft versus host disease PEG-  Polyethylene glycol-modified
IADA bovine adenosine deaminase
Haplo |Haploidentical donor QALY  |Quality-adjusted life years
HLA Human leukocyte antigen SAE Serious adverse event
HRQoL |Health-related quality of life scip  [>evere combined
immunodeficiency
HSCT Haematopmghc Stem Cell TREC [T cell receptor excision circles
‘Transplantation
HSR- |San Raffaele Telethon Institute for Gene
TIGET [Therapy VCN Vector copy number

ICER

Incremental cost-effectiveness ratio

N




Disease background
Adenosine deaminase deficiency-severe combined
immunodeficiency (ADA-SCID)

* Autosomal recessive inherited immune disorder; ADA-SCID is chronically
debilitating and life-threatening.

* ADA-SCID accounts for 10-15% of all severe combined immunodeficiency

+ Ultra rare condition — The company assumes 3 people are born with ADA-
SCID in England per year

+ Faulty gene inherited from both parents impairs production of adenosine
deaminase. This leads to systemic accumulation of deoxyadenosine, which
impacts the formation of lymphocytes and a functioning immune system and
also causes further non-immunological effects

* Majority of patients with ADA-SCID are diagnosed in the first year of life and
rarely survive beyond 1 to 2 years unless immune function is restored.

» Approximately 10% to 15% of ADA-SCID cases have a delayed onset (6
to 24 months), and a smaller percentage are diagnosed after age 4 years
(late/adult onset)

» The incidence of ADA-SCID varies widely by population, but is around 1 in 200,000
and 1 in 1,000,000 live births.

» Unlike other forms of SCID, non-immunological abnormalities can also occur due to
the systemic metabolic defect



*HSCT from a haploidentical donor is an option considered in other countries, but has

ADA-SCID

Current treatment options

Pegylated adenosine deaminase (PEG-ADA)

» Enzyme replacement therapy (no marketing authorisation in the UK) which can
be used as a bridge until hematopoietic stem cell transplantation (HSCT)

» Qutside the UK some people have long-term PEG-ADA treatment

HSCT - Matched Related Donor (MRD) - 15t choice

» A donor must be found with the same human leukocyte antigens (HLA) to avoid
the transplanted cells rejecting the host (Graft versus host disease [GvHD])

+ 25% chance that a sibling donor (MSD) inherits identical HLA typing, 1 in 200
chance a parent has identical HLA-typing

* Only 20-25% of infants have a suitable MRD available
HSCT - Matched Unrelated Donor (MUD), 2" choice due to risk of GVHD
+ Database search conducted to find a registered donor who is HLA-matched

HSCT - Haploidentical donor, (no recent in UK*), high risk of GvHD

« A parent will always be at least 50% HLA-identical, and there is a 50% change
that any sibling is at half matched.

* In the UK those unable to find a MUD are enrolled in trials for gene therapies

not been performed in England in a patient with ADA-SCID in the past 15 years
according to external expert clinical advice.

Patients are also managed with treatment for opportunistic infections whilst
immunocompromised, including treatment with antibiotics, antiviral and antifungal

medicines, intravenous immunoglobulins and prophylaxis for Pneumocystis jiroveci (a
type of fungal pneumonia)

Graft versus host disease
» A primary cause of death after HSCT. For patients who survive, GvHD can affect

health-related quality of life (HRQL).
» Acute GvHD may cause rash, nausea, vomiting, anorexia, profuse diarrhoea, ileus,
and cholestatic hepatitis.
Chronic GvHD can be limited to a single organ or could be more widespread. Chronic
GvHD can lead to debilitating consequences, such as loss of sight, joint contractures,
end-stage lung disease, or death




CONFIDENTIAL
ADA- )
Impact of the disease

+ Quality of life is impacted by recurrent infections due to fungal, viral, and

opportunistic agents. Without treatment, patients with ADA-SCID would die
before school age.

+ Children may have non-immunological manifestations of their disease as a
consequence of the systemic metabolic defect. These may include hepatic, lung,
and renal disease, lymphoma, skeletal alterations, neurological and
cognitive/behavioural deficits.

* Neurological abnormalities, including cognitive deficits and hearing impairment,
are common in patients with ADA-SCID. Treatment with HSCT is not thoughtto
improve these aspects of the disease

- IR - have a profound impact on both patient and carer
quality of life |

+ Quality of life for family members would be expected to be low - with increasing
need for hospitalisations, more intensive caregiving requirements, and resulting
emotional toll

» Neurological events may be directly related to the underlying disease of ADA-SCID,
comorbidities (e.g., Arnold Chiari malformation), to infections that patients may have
experienced (e.g., meningitis, otitis media) or to other medications received (e.g.,
antibiotics such as gentamycin)
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Impact on families and carers — company survey

Redacted




Strimvelis
GlaxoSmithKline

Marketing Indicated for treating severe combined immunodeficiency due to
EN G LI EENCL Il adenosine deaminase deficiency (ADA-SCID), for whom no
suitable human leukocyte antigen (HLA)- matched related stem
cell donor is available

[ EHGELGTET K 3 Gene therapy containing autologous CD34* cells transduced ex
action vivo with a replication-deficient retroviral vector containing the
correct form of the human ADA gene in the DNA sequence

LGB el LN « Must be administered in a specialist transplant centre®

& dose « 5 million purified CD34+ cells/kg required per patient?
recommended that patients have pre-treatment with busulfan

« Singleintravenous infusion. Effects estimated to be lifelong

List price List price: manufacture of Strimvelis = €594,000

*At present, treatment with Strimvelis can only be performed atHSR-TIGET, Milan, ltaly due to the 6-hour
shelflife of the manufactured cell therapy productand the location of the manufacturing site.

#4 million CD34+ required for Strimvelis manufacture, 1 million required for possible rescue treatment
Source: Strimvelis summary of product characteristics; Company submission

+ Strimvelis is the transduced cell product and should not be confused with the gene
therapy procedure, which encompasses all of the hospital-based procedures that take
place as part of delivering Strimvelis to patients.



Clinical pathway of care
[ADA—SCI D diagnosed ]

¢ == e e == - Rescue therapy
[Matched Related "HSCT from
Donor (MRD) found? .a MRD

Strimvelis
 treatment?

"HSCT from
.a MRD

[Matched Unrelated
Donor (MUD) found?

Engraftment
failure?

Strimvelis
treatment?

HSCT from a
haploidentical donor

Dashed line indicate where the ERG have highlighted alternative treatment pathways

PEG-ADA treatment

+ PEG-ADA treatment may not be started for people who have a matched related donor,
as the time between diagnosis and HSCT is short. Treatment would be started for all
people by the time a matched unrelated donor is searched for.

+ PEG-ADA would be stopped following HSCT or shortly before gene therapy. After
treatment people may be transiently treated with PEG-ADA during immune
reconstitution, or restarted continuously if treatment fails.

Pre-treatment conditioning

» For matched related donors no chemotherapy conditioning is required prior to HSCT

» For HSCT from matched unrelated and haploidentical donors and Strimvelis treatment
busulfan chemotherapy before treatment is recommended.

» Low-dose (non-myeloablative) busulfan is used as pre-treatment for Strimvelis instead
of the full-dose chemotherapy regimens used in some HSCT protocols



Strimvelis treatment pathway
Stage | Details; averageduration(range) |

Includes clinical and laboratory tests and a bone marrow biopsy to
determine adequate CD34+ cells. Biopsy is currently performed in
Italy, but may be performed in England

(24 days)
Baseline Includes in-patient stay for central venous catheter placement and
Patient obtaining bone marrow back-up

G LICUEUN 31 days (31-45 days), includinga 3-day inpatient stay

B I 119 50 days in isolation room if no complication occur.

Includes non-myeloablative dose of busulfan chemotherapy before
cell reinfusion

(o1 {+E1([:1)| 4 Generally includes clinics and laboratory tests, imaging, bone
Follow-up in & biopsy and specific disease/gene therapy tests

Milan 60 days (60-90 days)
Outpatient 4 months (3-4 months)
Follow-up in
England

Source: adapted fromtable B1, page 40, company submission and response B5, page 23, company
response to clarification

Continued for lifetime as per routine care for all ADA-SCID patients




Decision problem

No inconsistency between the final scope and decision problem

] Final Scope
Ll TEL I People with ADA-SCID for whom no suitable HLA-
matched related stem cell donor is available
m Strimvelis (retroviral-transduced autologous CD34+ cells)
(ofe1 [T 161 @ Bone marrow transplant (including HSCT from an HLA-
MUD and HSCT from an HLA-haploidentical donor)
* Overall survival
* Intervention-free survival
* Immune function
* Non-immunological aspects of ADA-SCID
» Need for and duration of in-patient treatment

*» Adverse effects of treatment
» Health-related quality of life (for patients and carers)

Source: Final scope

Immune function includes rate of severe infection, lymphocyte counts, thymopoiesis,
use of intravenous immunoglobulin, and vaccination response

Non-immunological aspects of ADA-SCID includes neurological and developmental
effects
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Patient expert comments
Patient groups

» Babies with SCID may seem well at birth, but soon suffer infections more
frequently and severely than other infants

« |f there is no family history of ADA-SCID people can suffer delays to
diagnosis due to the rarity of the condition and it not being recognised

* Prolonged hospitalisation, separation from extended family, blood tests
and uncomfortable procedures will contribute to a great deal of stress and
anxiety and even guilt for parents of a child with ADA- SCID.

«» Strimvelis treatment involves travel to Milan. This would represent a huge
upheaval for a family and may have costimplications in terms of family
income and having on hand support from family and friends.

+ Enrolling in a UK clinical trial may be more attractive for some people

» Based on current knowledge of incidence 6-10 children will present with
ADA-SCID per annum, of these most will be eligible for Strimvelis

» Other challenges identified for traveling to Milan include cultural differences such as
language, approach to healthcare, different foods, and dealing with a new healthcare
team. For some families this may not present a challenge and they may decide this
route to a cure is in the best interest of the child.

» One parent giving up work to become a fulltime carer is not uncommon. Loss of
income in conjunction with paying for travel for hospital visits and or time off work puts
a financial strain on the family. The psychological impact on the family of a diagnosis
is profound and can often put a strain on a marriage.

» The UK Primary Immunodeficiency Network registry has 28 reported cases of ADA-
SCID in England although this is known to be an underestimate due to underreporting.

11



Patient expert comments
Carers
» Delays in diagnosis occur due to lack of knowledge of this condition
+ HSCT may not be a viable treatment option depending on other health
Issues
« All aspects of life for both child and family are impacted
» Anxiety is a huge emotion to have to deal with as a carer

o Before diagnosis, you know something is wrong and have to watch your child
suffer terribly with severe illnesses without knowing why
o After diagnosis, there is a strain of having to think about what lies ahead in
terms of treatment, life changes, possibility of giving up a job to be a carer
» This technology is a safer, less risky, less harsh. The benefits are life
changing including everything from emotional wellbeing, physical
appearance, quality of life etc.

» The financial and impact on family and work with this technology you
would get from other treatments

12



Impact on families and carers
Treatment abroad with Strimvelis

* The Telethon Foundation started an anonymous formal assessmentin
July 2017

* The preliminary results of this assessment showed that patients and
parents were very satisfied overall with the support provided by the
Telethon Foundation. As an example, a parent described their family’s 3.5
months stay in Milan with the phrase “It was just like home.”

* The company notes that there are only 2 centres in the UK that perform
paediatric HSCT (London and Newcastle). Therefore families would still
face lengthy treatments far from home

« With the availability of Strimvelis, patients and families will no longer face
a long wait to treatment while searching for a MUD or have to make a
choice to undergo HSCT that carries a significant mortality risk

Telethon Foundation - the charity responsible for providing the care services at Milan for
patients who undergo gene therapy

Areas assessed include: patient/parent satisfaction and quality of care support provided,
logistical and practical support services, travel and accommodations, emotional support
and guidance provided by their care coordinator, clinical research nurses, clinicians and
psychologists.

In addition to the formal assessment, the Telethon Foundation collects ongoing feedback
from patients and relatives as part of a continual assessment to support performance.
Spontaneous and unsolicited feedback contributes to the foundation’s understanding of
the kind of support that makes a difference in a family’s experience in Milan. Here are
some examples of the spontaneous feedback that was provided to GSK: “The biggest
help was to find a babysitter for my daughter. It was a wonderful evening and we were
really happy to go out together”; “We are so grateful for all that you did for us. We really
felt welcomed by friends. We would never have imagined to receive all this. Now we only
hope that all will be good for our son”; “Me and my family did not thank you enough for
all the things you brought to us, it was too much and it helped us a lot, so thank you so

much for everything.”
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Clinical expert comments

» Strimvelis could be offered to the large majority of ADA-SCID patients for
whom a MSD is not available (up to 80% of the patients)

* In the UK, to my knowledge, patients without an HLA-identical sibling
donor are usually enrolled in a clinical trial at Great Ormond Street
Hospital (GOSH)

« For patients who are not suitable to receive Strimvelis or who have failed
gene therapy, a matched unrelated donor (MUD) search is started while
the patient is maintained on enzyme replacement therapy.

» Gene therapy could potentially benefit all subgroups, from early onset to
late onset

« older patients usually have a lower cell contentin the bone marrow, and
may not produce enough cells for the Strimvelis procedure

» Usual complications of HSCT (including veno-occlusive hepatic disease,
GvHD, and severe mucositis requiring parenteral nutrition) have not been
observed with Strimvelis

Can be offered to a large majority of ADA-SCID patients because Strimvelis treatment
requires only a low intensity conditioning and there is no need of immune suppression.

Patients at GOSH have in the past have been offered compassionate use /hospital
exemption with experimental lentiviral gene therapy.



NHS England comments

« All patients with ADA-SCID treated at Newcastle Children’s hospital or
Great Ormond Street hospital (GOSH). There is no variation in their
clinical practice

* Where no suitable donor is available (~ 2 people a year) patients are
treated under the gene therapy programme at GOSH*

«» Strimvelis appears to offer an alternative treatment option

» Key additional resource would be the cost of treatment in Milan and the
cost of travel for patient and parent(s) to Milan. Arrangements for follow
up, after care and management of complications if any would also need
to be explicit. NHS England would expect to pay for the service as a
public sector commissioner and the contract would need to be managed
within NHS England’s usual financial processes.

*GOSH gene therapy programme:

« Initial lentiviral vector trial was completed and recruited 20 patients (10 on trial and 10
off trial)

* New trial with a cryopreserved formulation (so as to allow access to patients in
different locations) is in the process of being initiated (est. to open Oct 2017), In the
meantime, 2 patients have been treated off trial with the cryopreserved formulation out
of clinical need. A third is awaiting treatment.

15



Clinical effectiveness evidence

Company submission section C
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.
Clinical evidence
Summary of included evidence

Integrated population (n=18)
* AD1117054 (pilot 1); n=1 — Complete

« AD1117056 (pilot 2); n=2 — Complete
« AD1115611 (pivotal trial); n=12 — Complete

« AD1115611 (long-term follow-up [LTFU]); n=14 — Ongoing,
o Patients eligible if they had received Strimvelis in any of the above studies
o 14 patients at latest datacut (1 from pilot 1; 2 from pilot 2; 11 from pivotal trial)

* AD1117064 (Compassionate use programme [CUP]); n=3 — Complete
o After 3 years of follow-up eligible to join the LTFU study

Supportive evidence
- Named Patient Programme; [l — Ongoing

» Latest data-cuts for the trials are:
Pilot 2: Feb 2005

Pivotal trial: July 2011
LTFU: May 2014

CUP: May 2014

» Comparative evidence for HSCT is obtained from the literature

17



Clinical evidence
Trial methodology

* Methodology consistentacross studies

Open-label; single-arm
HSR-TIGET (Milan, Italy). [

» Aged <18 years with ADA-SCID and for whom an HLA-identical
healthy sibling was not available as suitable bone marrow donor

» Exhibited lack of efficacy (defined by immunological
measurements) 26 months of treatment with PEG-ADA prior to
enrolment; OR had PEG-ADA discontinued due to intolerance,
allergic reaction, or autoimmunity, OR enzyme replacement
therapy was not a lifelong therapeutic option

HIV; current or history of malignancy; received a previous gene
therapy treatment in the 12 months

Infusion of Strimvelis after busulfan non-myeloablative conditioning

Source: table C5 (page 52) of the company submission
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Clinical evidence

Patient baseline summary

_ Integrated population n=18) | L ClC Y™

O
=
O

Q
%]
=
=
1]

Median age (range)  1.70years (0.5-6.1years) [N

Female (%) 7 (39%) N

Male (%) 11 (61%) e

Median height (range) 4™ centile (<15t — 97" centile) || R

Median weight (range) 15t centile (<15t — 97t centile) [N
Caucasian 10 (56%) I

2 Arabic 5 (28%) N

o

c African American

= 0,

i /African S .
Asian 1 (6%) I

Source: adapted from EPAR page 46; table 1, page 3, company response to clarification
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CONFIDENTIAL

Overall survival

Strimvelis

Integrated population 18/18 (100%)
Integrated population
+ named patient program L

HSCT

Matched unrelated donor

0,
Hassan 2012 10/15 (67%)

Haploidentical donor

0,
Hassan 2012 (full cohort) 13/30 (43%)

Haploidentical donor

0,
Hassan 2012 (2000-2009) >/ (71%)

Source: adapted from page 94-95, Company submission

Overall and intervention-free survival

Intervention-free survival

14/17 (82%)

1/15 received 2 HSCT
after initial transplant

2/7 did not engraft

* 1 received gene therapy

* 1 had 2 rescue HSCTs
and then died

» No data from patient 1 for intervention-free survival

» No reports of HSCT patients who required reintroduction of PEG-ADA

20



Overall survival

Strimvelis
+ 18/18 treated with Strimvelis in the trials remain alive
« All () patients from the Named Patient Programme remain alive

HSCT

+ 29 references found reporting overall survival of matched unrelated and
haploidentical donor hematopoietic stem cell transplantation

» Matched unrelated donor: 4 studies included 5 or more patients. Overall
survival range was 60% to 71% (follow-up range: 1 year— 12.3 years)*

» Haploidentical donor: 5 studies included 5 or more patients. Overall
survival range was 23% to 68% (follow-up range: 1 year— 25.8 years)*

» As survival has improved over time, most recent reference and time
period has been used for comparison (Hassan 2012, 2000-2009 cohort)

* The majority of deaths reported in Hassan 2012 for all types of HSCT
were in the first 100 days after transplantation (63%; 22/35)

*follow-up was not consistent across the identified studies:

For MUD overall survival:

71%, follow-up: mean of 2.5 years (range of 1.1-12.3 years) for survivors
67%, follow-up: 6.5 years

67%, follow-up: 1 year

60%, follow-up not reported

For Haploidentical overall survival:

* 43%, follow-up: 6.5 years

* 68%, follow-up: 1.5-25.8 years

* 43%, follow-up: 1 year

» 23%, follow-up not reported

* 67%, follow-up: mean of 14.6 years (range of 4.6-22.2 years) for survivors

21



Interventlonjree survival

Strimvelis

Defined as no post-gene therapy PEG-ADA of 23 months, HSCT, or death
Integrated population
« 3/17 patients treated with Strimvelis required PEG-ADA reintroduction

+ 2/3 of those that required reintroduction subsequently received a MSD
HSCT. The other person remains on PEG-ADA in the LTFU

Named Patient Programme
* Il rcquired reintroduction of PEG-ADA

22



Intervention-free survival
HSCT

* Comprehensive reference data on intervention-free survival following
HSCT are not available

Dvorak, 2014

» 0/7 received a second HSCT after initial MUD transplant (2 died)

* No data on PEG-ADA use

Hassan 2012

« MUD HSCT: 1/15 received a second HSCT after initial transplant (5 died)

» Haploidentical donor HSCT (2000-2009 cohort): 1/7 received gene
therapy and 1 patient received long-term PEG-ADA, required a 2" HSCT
from a new matched sibling donor, and subsequently died (2 died in total)

» Of the 52 who received HSCT not from matched siblings or family
members, 9 went on to receive at least 1 additional transplant (25 died)

* No report on patients who required reintroduction of PEG-ADA

* New techniques have been explored, but outcomes reported in the literature since
2000 for patients with ADA-SCID have not been superior to normal transplant
techniques.



Immune function
Strimvelis

Lymphocyte counts
* Lymphocytes in general and CD3+ T cell counts in particular increased compared
to baseline

T cell receptor excision circles (TREC) - marker of thymic activity

+ Increased from baseline Years 1-3 post treatment, declined years 5-8 but
remained above baseline levels

Rates of metabolic detoxification

+ Rates of metabolic detoxification were high, based on dAXP and dATP levels.
lymphocyte ADA activity dropped at year 4, but was increased at other time points

Vaccination response

+ Majority of patients had antibodies to a range of infectious antigens at one or
more time points after IVIG had been stopped

IVIG discontinuation rate
+ Total of 11/17 (65%) discontinued. 8/11 before 3 years and 3/11 after 3 years

* Only evidence available is from the integrated population

» T cell receptor excision circles (TREC) are DNA fragments formed in T cells during the
T cell receptor generation which occurs during the development of T cells in the
thymus. They are non-replicative; thus, when immune cells divide in response to
antigen the TREC do not. For this reason, their presence in peripheral blood T cells is
a useful marker of thymic activity (i.e., production of newly formed naive CD45RA+ T
cells). The contribution of the thymus to immune development in adults has historically
been unclear; however, an age-related decrease in thymus size and activity is
expected as children approach adolescence and the thymus atrophies

24



Immune function
HSCT

Lymphocyte counts
+ At last follow-up in Hassan 2012 cell counts for all donors were similar to those
observed in the Strimvelis programme after a median follow-up of 6.9 years

T cell receptor excision circles (TREC) - marker of thymic activity
+ Comparable data for either HSCT comparator was not identified

Rates of metabolic detoxification

+ Rates of metabolic detoxification were high, based on dAXP and dATP levels. No
comparable data of lymphocyte ADA activity for either HSCT comparator

Vaccination response

+ Although data is limited, vaccination response appears comparable for patients
receiving HSCT from a MUD. No data from haploidentical donors.

IVIG discontinuation rate

» Higher rate in Hassan 2012 for both MUD (5/7, 71%) and haploidentical (7/7,
100%) discontinuing IVIG treatment

» Cell counts from the available literature in patients with ADA-SCID after HSCT from a
MUD or haploidentical donor are presented in Table C 25.

* Interpretation of the literature search results is limited by differences in the method
(cell counts versus number normal) and timing of reporting as well as whether data
are reported for all patients or only survivors.



Non-Immunological aspects of ADA-SCID

Strimvelis

+ All but 1 patient had events during treatment or post-treatment, and many
patients reported events pre-treatment

» 9 patients reported 12 adverse events of hearing impairment, of which 2 patients
reported deafness and 2 further reported bilateral deafness

« 5 patients and 3 reported cognitive disorders and psychomotor hyperactivity.

+ People showed increases in height and weight, although they remained generally
below the 50th percentile, most patients continued along their original percentiles
for growth. Weight of 1 patient was below the third percentile for most of the
LTFU period.

HSCT

+ Very limited reporting, but a high incidence of non-immunological problems was
also found for ADA-SCID patients following HSCT

« Strengths and Difficulties Questionnaire indicated 1Q levels more than two
standard deviations below the general population mean (100) and greater risk of
behavioural problems

» Fourteen of the 17 patients with neurologic, CNS, or hearing events on or after gene
therapy had either relevant conditions ongoing at Screening or events during the pre-
treatment phase. Nine of these 10 patients were on PEG-ADA prior to gene therapy. It

is noteworthy that parental consanguinity was reported in 9 of 18 patients.

» Company notes neither HSCT or Strimvelis are expected to impact non-immunological

events
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Need and duration of in-patient treatment

Strimvelis

+ Patients were hospitalised for a median of 45 days (range: 34 to 110
days) after receipt of gene therapy, and the company expect that patients
who receive Strimvelis in the future will be hospitalised for a similar
period (average 50 days)

HSCT

* The UK Stem Cell Strategy Oversight Committee guidelines on unrelated
donor stem cell transplantation in the UK states that recovery from HSCT
typically takes 4-8 weeks as an inpatient

27



Adverse events

* The safety of Strimvelis is in line with that expected in an ADA-SCID
population that has undergone busulfan conditioning and undergoing
immune reconstitution

« All adverse events were resolved

* No GvHD was observed — No immune rejection is expected as Strimvelis
is an autologous treatment. Lack of GVHD expected to be a key benefit of
Strimvelis treatment over HSCT

« Severe infections, (reported separately as a key secondary endpoint)
were significantly reduced after gene therapy relative to baseline rates

* No events indicative of leukemic transformation or myelodysplasia were
reported and no issues around immunogenicity were evident*

*Since 2000, 40 patients with ADA-SCID have been treated with gamma retroviral
vectors and 20 have been treated with lentiviral vectors. All 60 patients are alive with no
reports of leukaemia. Retroviral insertion site and replication competent retrovirus testing
would only be performed in the event of a leukemic adverse event.

+ The long-term efficacy, tolerability, and safety outcomes will be monitored via the
Strimvelis Patient Registry Study, a non-interventional, observational, prospective
Post-Authorisation Safety Study of patients with ADA-SCID treated with Strimvelis.
The primary objective of this study is to characterise the long-term safety and
effectiveness of Strimvelis over a 15-year post-treatment period in up to 50 patients
treated.

28



Adverse events
Rate of severe infections

_ Pre-treatment* | Post-treatment?

Patients with events, n (%) 14/172 (82) 10/172 (59)
Total 40 15
4 months to 3 years follow-up® 12
4 to 8 years follow-up 3
N 1 4 (29) 7 (70)
A gg{g’ﬁrﬁf;}) 2 4 (29) 1(10)

23 6 (43) 2 (20)
Person-years Wizl 34.3 89.23

Pl 4 months to 3 years follow-up® 45.81
(free from

infection) 4 to 8 years follow-up 43 42

Total 1.17 0.17
4 months to 3 years follow-up® 0.26

Number of
events, n

Rate of
infection
4 to 8 years follow-up 0.07

*patient history and screening (including carer-recalled infections) from birth up to the time of gene therapy
dpatient excluded as data was not recorded, "Excludes planned 3-month hospitalisation period
Source: Adapted from table C23, page 96, company submission

Severe Infections defined as those that led to hospitalisation or prolonged
hospitalisation

Rate of infection estimated as number of infections over person-years of observation
(free from infection)

The most frequently reported severe infections were device-related infections (n=5)
and gastroenteritis (n=3); the device-related infections were expected due to long-
term placement of CVCs, and gastroenteritis is a common childhood illness. Of note,
2 patients reported Varicella infection and one patient had Staphylococcal sepsis. All
severe infections in the Strimvelis programme were reported as resolved.

Severe infections, defined as infections that led to or prolonged hospitalisation, were
not clearly reported by that definition in the available literature for HSCT. However,
infections that were reported in the literature for HSCT are discussed under adverse
events and provided in Table C28. Several infections, including infections resulting in
deaths, were reported but details were limited in many cases and not enough
information was provided to determine a severe infection rate after HSCT.
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Adverse events

EMA assessment report

« EMA notes the short term safety evaluation appears to be hampered by the
busulfan conditioning, medium and longer term safety seem to be consistent with
safety findings in ADA patients undergoing immune reconstitution

o Company notes Strimvelis uses a low-dose busulfan conditioning regimen
whereas some HSCT protocols use ful-dose chemotherapy regimens and
adverse events may be dose-dependent

+ EMA notes that the use of gamma-retroviral vector mediated gene therapy has
been associated with insertional mutagenesis in 3 different gene therapy trials —
and the long-term carcinogenic potential of Stimvelis cannot be determined at the
time of assessment.

+ EMA assessment report contains greater detail of adverse events including,

+ Serious adverse events post-treatment

« Adverse events which required intervention with PEG-ADA, high dose IVIG,
high-dose steroids or additional cells

« Adverse events potentially related to autoimmunity

Additional measures necessary to address issues related to safety in the EMA

assessment report are:

* Non-interventional post-authorisation safety study: In order to investigate the long
term safety and efficacy of Strimvelis gene therapy, the company should conduct and
submit the results of a long term prospective, non-interventional follow up study using
data from a registry of patients with adenosine deaminase severe combined
immunodeficiency (ADA-SCID) treated with Strimvelis. The company will follow up on
the risk of immunogenicity, insertional mutagenesis and oncogenesis as well as
hepatic toxicity. The company will review the occurrence of angioedema, anaphylactic
reactions, systemic allergic events and severe cutaneous adverse reactions during the
FU period, particularly in those patients who had unsuccessful response and received
ERT or SCT. The company will also evaluate intervention-free survival.

» The applicant will provide the final study report of the long term follow up study
AD1115611 LTFU as an obligation. In this respect all 18 patients should be followed
up for a period of 8 years,

» The applicant should provide more details regarding the survey (i.e. timelines,
outcomes for success, follow up questionnaires) to evaluate effectiveness of risk
minimisation. The applicant will commit to providing full details of this post-
authorisation study at a later date as a post-approval commitment. The study is
anticipated to start in 2Q 2017.
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* The applicant will conduct a post approval methodology study to
investigate the retroviral insertion site analysis.
Source: EMA assessment report, page 78
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Adverse events
HSCT

» Adverse events after HSCT from a MUD or haploidentical donor for
patients with ADA-SCID have not been systematically described

» Several cases of GvHD have been described following both HSCT from
MUDs and haploidentical donors

* None of the literature reports of GvHD in patients with ADA-SCID
identified in the literature search provided the definition used in reporting
terms such as acute, chronic, severe, or specific grades.

» Several infections, including infections resulting in deaths, were reported
but details were limited in many cases and not enough information was
provided to determine a severe infection rate after HSCT
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Health-related quality of life (HRQoL)

Strimvelis

+ Paediatric Quality of Life Inventory (PedsQL) collected for 1 person in the LTFU
study

» Lansky Performance status index was collected in the LTFU study. Initial
response rate was n=8 (year 4) and dropped to n=1 (year 9 and year 13)

+ All patients were reported as ‘fully active, normal’ during the LTFU, with 1
exception, who had minor restrictions in strenuous physical activity recorded at
Year 7

HSCT

» 1 poster presentation of quality of life in SCID survivors treated with HSCT in
Newcastle included 12 patients with ADA-SCID. Limited data, and no information
on type of HSCT, but people had significantly lower quality of life (except for the
emotional domain) compared with published UK norms.

+ Additional data (although not pre-specified) showed that most (12/14) Strimvelis
patients reported on-time vaccinations, attendance at school or preschool as
appropriate for their age. However, most patients reported not participating in sports.
Company submission stated that this was mainly due to the wishes of parents
however the ERG noted this may potentially be reflective of impairment of health.

» Response rate for Lansky Performance status was n=8 at Year 4; n=9 at Year 5; n=6
at Year 6; n=6 at Year 7; n=1 at Year 9; n=1 at Year 13

» Quality of life results reported in the company’s response to clarification of query A8,
page 8
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ERG Comments

Generalisability of evidence to UK clinical practice

* The ERG noted the following concerns with generalisability:

o Lack of clarity regarding numbers screened or excluded outside the
pivotal trial, therefore unclear if selection biases occurred

o No Strimvelis patients had viral infections at screening. Active viral
infection is known to impact HSCT prognosis and it may be an
important prognostic factor for Strimvelis treatment

o Likely that duration of PEG-ADA use was longer than would be
expected in UK practice

o The age of people treated in the study is older than the expected age
of people who are newly diagnosed with ADA-SCID

» The clinical advisor to the ERG confirmed that he would not expect
differences in the efficacy of treatment due to patient ethnicity.

Viral infection

» Most viral infections present with asymptomatic or subclinical manifestations, but
viruses may result in fatal complications in severe immunocompromised recipients.

» Age of patient, which is known to impact HSCT outcomes, may be a proxy for the
presence of active viral infection
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ERG Comments

Summary

The ERG considers all important studies have been included for evaluation

+ Substantial uncertainty based on small number of patients treated with Strimvelis.
Small number of deaths will substantially impact perceived efficacy of Strimvelis

+ Named Patient Programme data should be included in synthesis of evidence

« Strimvelis benefit based on overall survival is likely to be overestimated, due to
the concomitant use of PEG-ADA and rescue therapy. Intervention-free survival is
a more relevant outcome

« HSCT comparison is with historical controls, and overall survival from HSCT has
improved substantially over time

+ Variable reporting or lack of comparable data in the literature for many key
outcomes

+ Given the small sample size of patients who have received Strimvelis, the risk of
leukaemia cannot yet be ruled out as an important potential risk.

« Data is based on small open label single arm trials that are inherently at a high risk of
bias and lack precision. Therefore all survival estimates are highly uncertain and
future data could substantially change conclusions.



Key issues for consideration
Clinical evidence

* Where will the technology be used in the treatment pathway?

» Will people whose initial treatment failed have similar outcomes to people
who are treatment-naive?

* |s the Strimvelis clinical evidence generalisable to:
o English clinical practice?
o All ages of people with ADA-SCID?
+ Should the Named Patient Programme be includedin the evidence synthesis?
* Whatare the most relevant outcome measures to inform decision-
making?
* |s the technology clinically effective:
o Versus a matched unrelated donor HSCT?
o Versus a haploidentical donor HSCT?

* How does the committee view the long-term risks of Strimvelis treatment?
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Cost effectiveness evidence

Company submission section D
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Company model structure
Success Long-termq

(6-month survival

‘ Shrimvels disutility) ) (full health afterﬁ
ADA-SCID PEG-ADA awalting | year 8')

treatment

sl | : N
p?‘téem;gt =P Strimvelis: 9 weeks =p MUD HSCT | \ o ‘

available HSCT. 19 weeks Haploidentical Failure
. donor HSCT PEG-ADA > Rescue HSCT
awaiting rescue (MSD¥; Year 3)
‘ \ 4

Post-treatment mortality

*A proportion in year 1-8 use IVIG and are at risk of GvHD, and severe infection
#Rescue HSCT assumed from MSD, with 100% success rate and no post-treatment
mortality, serious infection or GVHD. 66% mortality explored in scenario analysis

Time horizon: lifetime (100 years)

Discount rate: 1.5%

Perspective: NHS

Cycle length: 2 cycles of 6 months, 1 year thereafter
Modelled population: aged 1; 50% male and 50% female

Source: Adapted from figure 5, page 139, company submission

+ The company model specifies that a haploidentical donor is only chosen if no MUD is
found, however Strimvelis is compared to each HSCT separately rather than a
weighted average based on the probability of a successful MUD search.



Key company assumptions (1)
Assumption | Source/Justification

100% survival from 78% at 20 years with half of the deaths on ERT occurring
diagnosis to initial within the first 6 months of treatment. Conservatively?
treatment assumed that survival is 100% for simplicity

100% survival for No patients died waiting for rescue transplantin Strimvelis
people waiting for trials. No data from Hassan 2012. Conservatively?

rescue transplant assumed that all survive until transplant

Life expectancy equal Data from Hassan 2012 do not show deaths after ~1 year.
to general population  Clinical advice confirmed that this life expectancy
after 6 months assumption is reasonable

Post-transplant outcomes

Rate of severe No available data for MUD or haploidentical donor
infections is equal for
all treatments

3l ower survival rate would increase relative cost-effectiveness of Stimvelis, as the company assume a

shorter wait-time for people who are treated with Strimvelis

38



Key company assumptions (ll)

Source / Justification
Treatment failure
PEG-ADA restarts 3 months  ~4 months earliest restart to PEG-ADA in

after treatment failure Strimvelis trials. Based on expert clinical advice
Rescue transplantoccursin ~ Based on expert clinical advice.

year 3

Rescue transplant from Rescue transplants from Strimvelis and Hassan
matched sibling donor —with 2012 were all from newly born siblings. For

100% success and survival simplicity rescue is assumed to be successful with

no adverse events (i.e. GvHD or severe infection)

1.5% discount rate for costs Strimvelis meets the criteria for a 1.5% discount

and outcomes rate as treatment leads to long and sustained
benefit and people regain normal life expectancy
Average weight is the 25th Patients continued to track along their original

percentile of an average child percentiles but remained below the 50" percentile
Source: Table D2 and D4, page 142-145 and 149, Company submission

Discount rate

» The company have applied a discount rate of 1.5% to both costs and outcomes on
this basis. Patients treated with Strimvelis are expected to have a long and sustained
benefit and regain normal life expectancy. Given the minimal budget impact of
Strimvelis, the introduction of the technology would not commit the NHS to significant
irrecoverable costs.

 In addition, a 1.5% discount rate is commonly used when assessing interventions
where a significant amount of the benefit accrues long after the intervention occurs,
such as public health programmes. The NICE Appraisal Committee accepted this
same rationale as justification for using a 1.5% discount rate in the cost-consequence
analyses for eculizumab for treating atypical haemolytic uraemic syndrome and
mifamurtide for the treatment of osteosarcoma.



Key company clinical variables
Variable | Strimvelis_____|MUD_____ Haploidentical |

6-month overall

. 100% (18/18)2 67% (10/15)° 71% (5/7)°
survival
>6-month overall Assumed equal to general population, independent of
survival treatment success
. . 26% for first 3 years, . .
Severe infections 7% for Years 4-8 Assumed equal to Strimvelis
Rescue HSCT 17.6% (3/17)2 6.7% (1/15)° 28.6% (2/7)°
Year 1: 100% (18/18)2
IVIG use Year 3: 58.8% (10/17)2 Assumed equal to Strimvelis
Year 8: 0% (0/4)?
Grade I/l GvHD 0% 17.9% (5/28)¢  22.2% (2/9)°
S > Acute GvHD 0% 10.7% (3/28)¢ 11.1% (1/9)¢
© =
@ = Chronic GVHD 0% 3.6% (1/28)° 0% (0/9)°

3Does not included NPP population; "based on Hassan 2012 data; “based on pooled incidence of GvHD

fromthe literature (see Table C28, page 114-117, company submission)
Source: Table D5, page 158-167, Company submission
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Key timings and durations

Company value | Source / Justification

PEG-ADA Strimvelis 9 weeks Clinical schedule

duration MUD 19 weeks Gaspar 2013

before

treatment Haplo 19 weeks Assumes MUD searched initially

Timing of rescue transplant In Year 3 Based on clinical expert advice

Duration of PEG-ADA in Continuous PEG-ADA minus initial
1.75 years

bridge to rescue transplant 3 months after treatment

Duration of acute GvHD 8 months Based on clinical advice

Clinical advice suggests few
months to several years, but

Duration of chronic GvHD 3 years would normally be resolved by the
time of a rescue transplant.
Assumed 3 years.

Source: Table D5, page 158-167, Company submission

« Donor availability can differ based on ethnicity, with non-Whites having a more difficult
time finding a suitable donor and a longer wait for an available donor
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Treatment cost

Initial PEG-ADAa £124,254 £262,314 £262,314
ZEEITEETE T N/AC £45,127 £45,127
for donor® ' '
Price of technology £505,000d N/A N/A
Confirmation of

eligibility L NA N/A
Hospitalisation cost |} £95,516 £108,760
Follow-up costs® [ £59,541 £59,541
Ll B £462,444 £475,742

treatment/patient

3Costper week is £13,500(1.5vials; clinical expert advice) + £306 administration (NHS reference costs)
bSource: Van Agthoven 2002 in euros. Inflated to 2016 value conversion of 1€ = £0.850on 08 May 2017
‘Not applicable as UK ESID and EBMT clinical guidelines recommend gene therapy after no MRD available

dCostto be paid in euros. Conversion 1€ = £0.85 on 08 May 2017; includes 2 months follow-up
eper living patient; does not include long-term costs such as IVIG, PEG-ADA, and VCN monitoring costs;
Source: Adapted from Tables D8 — D10, page 172-175, Company submission




Further treatment costs

« Some costs due to travel may not reimbursed by the NHS, but the patients and
carers would likely incur these costs regardless of the treatment selected.

» Any additional procedures, treatment failure, or extended hospitalisation in Italy
beyond the assumed clinical schedule (i.e. over 55/days standard stay) would
incur additional costs. These would depend on the commissioning route of the
patient
o With S2 form — charged as Italian statutory patient
> Without S2 form — charged per procedure conducted during that period

« See company response to clarification query B6 (page 26-27) for
circumstances where the costs differ by commissioning route

» Under the S2 route, a patient applies for authorisation for pre-planned treatment in

another EEA country. If approved, NHS England provides the patient with an S2 as a
guarantee of payment on behalf of the Secretary of State.

Under the Directive route, for most treatments the individual seeks the healthcare they
require in another EEA country, pays for the treatment directly and then may apply for
reimbursement of eligible costs from the NHS. However, some specified treatments
require the patient to obtain authorisation before receiving treatment. NHS England is
responsible for reimbursing patients under the Directive route in line with the
legislation, and in turn, the responsible commissioner in each case is required to
refund NHS England for the reimbursements it has made to individual patients .
Reimbursements will generally not exceed NHS tariff levels for the equivalent
treatment.
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Utilities
Company value Source / Justification

For simplicity, assumed no disutility whilst
e waiting for treatment on PEG-ADA?
IVIG disutility  No disutility Likely to have little impact as assumed the

; . o rates are equal
Severe infection No disutility

0-6 months 0.57 utility Value from study of patients with acute
post-treatment® decrement myeloid leukaemia after HSCT (Sung 2003)
>6 month post- Age-adjusted No literature on non-immune related
treatment general population  disutility.

Acute GvHD One-off loss of 0.41 Values calculated from GvHD of lymphoma

patients® (Swinburn, 2015), adjusted by

Chronic GyHD One-off loss of 1.44 assumed durations

3Lower pre-treatment utility value would increase relative cost-effectiveness of Stimvelis, as a shorter wait-
time to initial treatment is assumed for people who are treated with Strimvelis

*Treatment includes Strimvelis, HSCT from a MUD or haploidentical donor, or rescue transplant
‘relapsed/refractory Hodgkin lymphoma or systemic anaplastic large cell ymphoma
Source: Table D5, page 158-167, Company submission

1 article identified which investigated the cost-effectiveness of newborn screening for
ADA-SCID (Ding, 2016). The Ding model referenced an article [McGhee, 2005] that
used a utility value for survivors of ADA-SCID treatment based on health preference
scores estimated by investigators after successful BMT for chronic myelogenous
leukaemia. The same article [Ding, 2016] also used a utility value for patients
receiving IVIG based on values for patients with chronic lymphocytic leukaemia
[Weeks, 1991]. These utility values were not specific to patients with ADA-SCID, but
they were identified as possibly useful for inclusion in a sensitivity analysis
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Base case results

Total Total Incr. ICER
costs (£) | QALYs QALYs | (E£/QALY)

Company - base case
SIGIVCIEE £1.059,425 414 - - -
MUD £565,170 27.8 £494 255 13.6 £36,360
Haplo £888,757 297 £170,668 11.7 £14,645

ICER, incremental cost-effectivenessratio; QALY's, quality-adjusted life years; MUD, Matched unrelated
donor; Haplo, Haploidentical donor

Source: Table D14, page 189, company submission; company responseto clarification query B20, page 44

» As the decision model is linear, the probabilistic ICER is almost identical
to the deterministic ICER. The ERG believe the deterministic ICERs are
suitable for decision-making
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CONFIDENTIAL
Disagg regate! results

Costs
e L stiie D L hepioiderten,
Screening pre-procedure £45127 £45 127
Confirmation of eligibility for - £0 £0

Strimvelis treatment

PEG-ADA pre-procedure £124,254 £262,314 £262,314
Product price £505,000 £0 £0
Severe infection cost £13,103 £8,735 £9,359
Rescue transplant cost £16,119 £6,090 £26,098
Rescue PEG-ADA cost £217,055 £81,999 £351,423
Hospitalisation cost e £95,516 £108,760
Follow-up cost? e £43,027 £58,259
GvHD £0 £7,834 £8,354
IVIG cost £23,041 £14 529 £19,063
Total £1,059,425 £565,170 £888,757

acost per patient; include long-term costs such as IVIG, PEG-ADA, and VCN monitoring costs

Source: Adapted from Tables D22-23, page 200-201, Company submission




Disaggregated results
Life years and QALYs

Ys QALYs LYs QALYs LYs QALYs

Pre-procedure

(PEG-ADA) 0.2 0.2 0.4 0.4 0.4 04
Slesiiiiiiis 378 340 276 247 19.7 177
successful

Failure to engraft,

PEG-ADA 0.3 0.3 0.1 0.1 0.6 04
Rescue transplant 78 6.9 29 26 126 1.2
and post-transplant

Total 46.1 41.4 31.0 27.8 33.2 29.7

Source: Adapted from Tables D17, page 194, Company submission
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Sensitivity analysis
One-way sensitivity analysis (top 5)
Strimvelis versus a MUD HSCT ICER
G000 0000 €300 B0000  £50000 600 E7OO00 €000 £30000  £100,000
Tnghorzon 2 yers 2 eas e i £5300 |, o
st oteonis 0%, 1%, 359 21 I
Dot cossand odcomes 0%, 15%, 358 2144 I e
HSCThom 3 MUO: sl 156 ot (670%,670%, 38% 55X -
Prpoonaho e st g, Semeks 3%, 175% 227% a7 I

Strimvelis versus a Haploidentical donor HSCT ICER
0 £5000  £10000 £15000 £20000  £25000 £30000 £35000  £40000  £45,000

Time horzon 20 years (2 years, etime, feime) ceses T ;o
Costof PEG-ADA, weeky (10% o base-case) (£1.350, £13,500, £13.500) e145¢5 GG ;7
Disoount costs and ouloomes (0.0% ,1.5%, 35% w0 I -

Weeks on PEGADA before Haplo (9, 19, ) 72 [ ;0
Proportion wha receive arescue transplant, Strimvelis (0,0,0)  £3473 __ £20,703

Source: Figure 1 and 2, page 48 and 49, Company responseto clarification

* GSK did not wish to include further assumptions around Strimvelis or HSCT survival in

the tornado diagram. The rationale is provided in clarification response B24.
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Sensitivity analysis
Multi-way scenario-based sensitivity analysis

« Company explored the joint uncertainties in long-term utility scores and
mean life-expectancy for survivors (MLS)

MLS*1 (79.9 yrs MLS*0.9 (71.9 yrs MLS*0.8 (63.9 yrs

Strimvelis vs HSCT from a MUD

Utility Score

by Age * 1 £36,360 £38,375 £40,987
Utility Score

by Age * 0.9 £40,410 £42 650 £45 554
Utility Score £45.475 £47 907 p—

by Age * 0.8

Strimvelis vs HSCT from a Haploidentical donor
Utility Score

by Age * 1 £14.645 £15,456 £16,508
Utility Score

by Age * 0.9 £16,290 s £16,3%0
Utility Score £18 352 £19,371 £20,694

by Age * 0.8

Source: Table D26, page 214, company submission; base case is bold and underlined
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Scenario analysis

« Company also investigated some alternative scenarios

Strimvelis versus HSCT
Key scenarios
Inc. costs Inc. QALY ICER AICER

MUD  £494,255 13.6 £36,360 -
Company base case
Haplo £170,668 1.7 £14,645 -
- : MUD £494 255 13.3  £37,158  +£798
0.75 IVIG utility weight
Haplo £170,668 1.5 £14865  +£220
Carer's QALY loss due MUD £494 255 149  £33201 -£3,159
to death of child® Haplo  £170,668 128  £13373 -£1272
mortality (66%) Haplo  £173,785 131 £13279 -£1.366

Source: Adapted fromtable D24 and D25, page 203-213, Company submission

aFollowing Christensen et al (2014), the additional quality of life-related QALY loss
experienced by a bereaved family was assumed to be 9% of the child’s QALY loss. The
child is assumed to die in the first half year cycle (Year 0.5), and the discounted QALY
loss of the child was calculated as the difference between the general population survival
and the HSCT survival, integrated from Year 1 to Year 100. The child’s discounted QALY
losses are 23 and 20 QALY for HSCT from a MUD or from a Haplo, respectively. The
additional QALY loss experienced by the bereaved family is 9% of the child’s loss: 2.1
and 1.8 QALYs for HSCT from a MUD or from a Haplo, respectively.
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Scenario analysis
Secondary analysis in response to clarification

Weekly cost £9,000 (1 vial) Estimated on patient’'s body weight, dose
of PEG-ADA  previous value per kg/per week and vials needed.
£13,500 (1.5 vials) Conservative assumption as some

patients will require 2 vials per week

VIG £216 (£108 x 2 hours) Re-estimated based on the hospital nurse
administration previous value £306 time (PSSRU 2016) and estimated time
needed to deliver IVIG

PEG-ADA £54 (£108 x 0.5 hour) Assumed 30 min Band 6 nurse time
administration previous value £306 required (PSSRU 2016) for injection

Air travel to £600 Assumed £200 per person (£200 x 3 for
clinic in Italy family) round trip from London to Milan.

To and from £472 UK ambulance cost (1-way). Note only 1
UK airport patient needed ambulance transportation
To and from £340 Italian ambulance cost (1-way). Note only
Italy airport 1 patient needed ambulance transportation

Source: Table 12, page 60, Company response to clarification

» Following a teleconference with the NICE technical team and the Evidence Review
Group, it was noted there would be an interest in testing how eventual individual
changes responding to the issues brought up at the clarification stage would impact
the results when taken together. The company therefore decided to run a scenario
analysis and to explore that scenario further with the respective sensitivity analyses.
The company note they do not necessarily agree with all of the assumptions tested
and that the inputs used in this analysis were taken from the most conservative
spectrum of the possible range. This scenario analysis should therefore not be
perceived as a new base case.

» The ERG believes this additional scenario analysis as a more appropriate account of
the dosing and costs of administration and travel likely to occur in practice, and
incorporate these assumptions into its preferred base case
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Scenario analyses
Secondary analysis - combined impact of changes

Strimvelis versus HSCT

MUD
Company base case

Haplo

MUD
PEG-ADA cost @ £9000

Haplo
Administration of IVIG MUD
@ £216 Haplo
Administration of PEG- MUD
ADA @ £54 Haplo
Inclusion of cost of MUD
travel to Milan Haplo

Combined secondary ~ MUD
analysis Haplo

Inc. costs
£494 255
£170,668
£495 234
£259 465
£492 722
£170,001
£494 310
£175,641
£495,667
£172,080
£495,167
£265,182

Inc. QALY
13.6

11.7
13.6
1.7
13.6
1.7
13.6
1.7
13.6
1.7
13.6
1.7

ICER

£36,360
£14,645
£36,432
£22,264
£36,247
£14,587
£36,364
£15,071
£36,464
£14,766
£36,427
£22,755

AICER

+£72
+£7,619
-£113
-£57
+£4
+£427
+£104
+£121
+£67
+£8,110

Source: table 30, page 117-120, ERG report
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Budget impact (undiscounted)

» Budget impact is highly sensitive to expected patient numbers

» The company assumes that per year in England:
o 3 people are diagnosed with ADA-SCID
o 1/3 patients will have a matched related donor HSCT
o Only 1/2 patients will choose to have Strimvelis, given the travel requirements

et lvewrs [vewrs |vews |vews |Tom
Costperpatient

Cost per patient

L] £870,399 £150,112  £34,075  £6,202  £2,629 £1,063,417
£484,638 £62,861 £13,964  £3218  £1611 £566,292
£610,058 £221495 £46,181  £7,302  £2,323 £896,358
Incremental budget impact assuming 1 patient per year

£385761 £473,012 £493,123 £496,107 £497,125 £2,345,128

VEMGETO  £251341 £179,958 £167,852 £166,752 £167,058 £932,960
Source: Adapted fromtable D30 - D3, page 231-238, Company submission
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ERG Comments

Key concerns

1. Treatment costs are overestimated for HSCT and
underestimated for Strimvelis
= Not all relevant costs have been included
* Assumed additional waittime before treatment overestimates HSCT costs
= No additional costs incurred by people who have complications in Italy
= Treatment failure with Strimvelis is only assumed to occur during follow-up

2. Position of Strimvelis in the treatment pathway
= Strimvelis is assumed not to include search for a MUD
= Other alternative treatment pathways have not been explored

3. Overestimation of health gains with Strimvelis
= NPP data not included, which would reduce intervention-free survival
= Plausible that overall survival benefit could be overestimated
= Assuming people regain full health is contradicted by the evidence
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1. Treatment costs
PEG-ADA treatment

+ ERG noted uncertainty regarding the duration and rate of PEG-ADA use

Company value | Source / Justification

PEG-ADA Strimvelis 9 weeks Clinical schedule

duration MUD 19 weeks Gaspar 2013

before

treatment Haplo 19 weeks Assumes MUD searched initially

+ Many patients with ADA-SCID did not receive ERT prior to HSCT, including
83/106 (78%) of those reported in Hassan 2012. In contrast the majority of
patients did receive ERT prior to gene therapy (15/18; 83%)

* The 9 week PEG-ADA duration for Strimvelis differs from the length of the 'pre-
treatment phase' observed for patients recruited to the Strimvelis pivotal study
(average 5.7 months, equivalent to 25 weeks)

* ERG prefers to use equal PEG-ADA duration for all treatments

» Although Hassan 2012 shows less PEG-ADA use in people who have HSCT, Clinical

advice to the ERG indicated that most patients in the UK would be expected to
receive PEG-ADA while awaiting transplant. However simplifying this assumption
likely overestimates any savings from reducing the duration of time between diagnosis
and transplant procedure

The company note that PEG-ADA 'is usually stopped 20 days before infusion of
Strimvelis' and that they have overlooked this in the model for the sake of simplicity
(company response to clarification B1). The ERG is also aware that PEG-ADA may
be stopped to allow cellular immunity to wane in preparation to receive HSCT, in order
to reduce the risk of graft rejection

The ERG notes that the company's preference for using the clinical schedule of the
San Raffaele Telethon Institute for Gene Therapy (SR-TIGET) to determine the wait
time to Strimvelis in preference to observed wait times could be considered
inconsistent with the preference to use observed wait times for HSCT and not the UK
Stem Cell Forums recommendations of 6-8 weeks wait to HSCT (company response
to clarification B1)
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1. Treatment costs
Graft versus host disease duration

+ In the company base case the duration of chronic GvHD (3 years) exceeds the
assumed time to rescue transplant (in year 3 — therefore 2 years)

+ Clinical advice is rescue transplantis only performed once GVHD is resolved.
Company note that as Strimvelis does not cause GvHD rescue may occur earlier

+ Company supplied at clarification a sensitivity analysis for time to rescue
transplant, but the ERG could not implement this in their model. Therefore ERG
prefer reducing the duration of chronic GvHD to 2 years, although note that the
impact on the ICER is much smaller than delaying rescue transplant.

Year | -1years | Base case | +1years + 2 years

MUD £30,699 £36,360 £41.971 £47,456
Haplo £20,822 £14,645 £8,414 £2,147
MUD £36,421 £36,360 S -
Haplo £14,645 £14,645 - -

Source: adapted from page 46, company response to clarification

Variable

Rescue transplant

Chronic GvHD
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CONFIDENTIAL

1. Treatment costs
Resources and costs

* ERG concerned that applying only the standard hospitalisation charge to
patients for Strimvelis the company model underestimates the potential costs
to the NHS. The ERG explored additional costs in a sensitivity analysis.

* ERG identified several alternative unit costs to the company:

Company base case ERG preferred assumption

HSCT £95,516 £81,973

costs NHS reference cost Weighted average including transplants
HSCT from cord blood undertaking using bone marrow (£79,199)

GvHD £29,420 £17,089

costs cost of severe (Grade Inflated difference of any GvHD event
/1Vv) GvHD (£28,860) and the mean cost of readmission

without GvHD (£13,405)

Eligibility [N .

cost Includes outpatienttests Assumes 1/18 people will not be eligible (but
and bone marrow test will incur testing cost)

Source: Section 6.2.7 and 6.2.8, page 116-117, ERGreport

» The rate of umbilical cord blood transplant observed in Hassan 2012 is 88/106, 83%
and the national schedule of reference costs is 51/62, 82%. The NHS reference cost
of bone marrow transplant, allogeneic graft, is £95,517

» ERG believe a more appropriate unit cost per GvHD event would be calculated by the
difference between the mean readmission cost of any GvHD event (£28,860) and the
mean cost of readmission for patients without GvHD (£13,405). After inflating the
difference of £15,455 to 2016 prices, the resultant unit cost applied in the ERG’s
preferred analysis is £17,089.
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2. Position in pathway
Alternative treatment pathways

« Strimvelis is assumed not to include search for MUD, however the
comparator should then be a weighted average of possible HSCT options

« ERG considers some people would have Strimvelis after search fora MUD

* The model does not incorporate a pathway for patients unable to donate
adequate CD34+ cells for Strimvelis treatment

« Alternative rescue therapy pathways are not explored, including:
o People who have initial HSCT could have subsequent Strimvelis therapy

o People who have had failed initial MUD HSCT may be less likely to have
subsequentMUD HSCT, possibly increasing duration of PEG-ADA treatment

» People with Strimvelis are not at risk of chronic GvHD, potentially shortening
duration until rescue transplant

» Rescue transplant could differ between people who fail gene therapy without
completing search for MUD versus those who have completed a search

+ ERG note that the ICER for Strimvelis compared to a weighted combination of HSCT
from a MUD and HSCT from a haploidentical donor would be lower than that
estimated for Strimvelis compared to HSCT from a MUD only

» The ERG therefore note that the expected wait time, and the potential difference in
wait time between gene therapy, HSCT from a MUD and HSCT from a haploidentical
donor may be predictable by, and differ according to, known patient characteristics. If
a reduction in wait time is an important factor in either the choice of treatment or in
establishing the value for money of Strimvelis, then these factors could have been
reflected in the model structure, for example by including branches with different
expected wait times (e.g.to indicate the existence of a cord blood match in the bone
marrow registry), or with the use of subgroups (e.g. to indicate longer expected wait
times in certain ethnic groups).

* If rescue transplantation is earlier following Strimvelis, this would be expected to
reduce the ICER for Strimvelis compared to HSCT from a MUD
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3. Overestimation o¥ Lealth gains

Treatment effectiveness — Survival

ERG prefer to include the NPP data where possible. This would decrease the
intervention-free survival from 82.4% to ||

L]

Survival after transplant from a MUD is lower than that from a haploidentical
donor, which lacks face validity.

The absolute difference in overall survival between Strimvelis and HSCT may be
overestimated in the company model because:

It is not implausible overall survival is less that 100% for Strimvelis given the
severe nature of ADA-SCID

» HSCT overall survival may now be higher than that reported in Hassan 2012

ERG believe that the assumption that people return to full health after the initial
treatment, regardless of treatment success is overly optimistic. They note:

o Patients are modelled requiring IVIG for up to 8 years
o People continue to be underweight
o Strimvelis and HSCT is thoughtto have no impact on some adverse events

* In general being underweight may compromise health, and is associated with
increased all-cause mortality. The Royal College of Paediatrics and Child Health BMI
centile charts indicate that children on the 25th percentile have a BMI of approximately
15, increasing slowly over time to a BMI of approximately 20 at age 19. BMI of less
than 20 is associated with increased hazard ratio for all-cause mortality in adults
compared to those with a BMI between 22.5 and 24.9.

* Individuals who have ADA-SCID are more likely to experience hearing loss,
respiratory complications and neurologic abnormalities compared to the general
population. Fourteen (78%) patients in the Strimvelis Integrated Population had
ongoing neurological impairments at baseline and 10 of these experienced further
events after gene therapy (56%). 45 These factors all indicate that ADA-SCID patients
with successful engraftment may not be entirely comparable with the general
population after a period of three years.

» Many long-term adverse events and the systemic sequelae of ADA-SCID
consequences are assumed not to differ between gene therapy with Strimvelis and
HSCT from a MUD or haploidentical donor, omitting these from the model risks
overestimating the QALY gain from any deaths avoided and underestimates the health
care resource use of survivors. This would be expected to overestimate the cost-
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effectiveness of treatment strategies that reduce initial procedural
mortality.
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3. Overestimation o¥ Lealth gains

Rescue therapy (1)

+ The calculation of rescue therapy rates conducted by the company are not
conditional on survival following the initial procedure

o Transplant related mortality (death within 100 days of transplant) was reported
in Hassan 2012, but not for the 2000-2009 haploidentical cohort

» Highly uncertain whether there is any difference in the rate of rescue therapy
between Strimvelis and HSCT

Strimvelis integrated | Strimvelis integrated
population population + NPP

Patients Nl I 7
Rescue transplant Kl e 1 2
Died W . 5 2
Survived 17 e 10 5
Non-conditional o 1/15 217
evcsermes~ CUCSCI o ame
;ct):sdltlonal rescue PR (17.6%) I 110 2/5

(10.0%) (40%)

Source: table 26, page 113, ERG report

» The use of overall survival rather than transplant related mortality means that deaths
from all causes, including rescue treatment attempts, are applied at the point of the
initial procedure in the model

» Using the ERG’s preferred assumption using transplant from a MUD with 66.67%
survival, the failure to use transplant related mortality and conditional probabilities of
rescue transplant is particularly problematic, as it may double count fatal events.

» Rescue rates are somewhat higher than those applied in the company model (6.7%
for MUD and 28.6% for haploidentical)
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3. Overestimation of health gains
Rescue therapy (l)

» Rescue transplant was assumed to come from MSD donor, with 100%
success and survival, and no risk of GvHD or severe infection — which is
not clinically plausible

* The company included a sensitivity analysis in which the survival rate
from a rescue transplant is taken from a MUD procedure, but this did not
iInclude the risk of GvHD nor severe infections post-procedure.

* The ERG believes that the company base case that explores mortality
associated with rescue transplant is favourable to Strimvelis by
overestimating mortality in patients assigned to HSCT.

* ERG preferred assumption is that people would receive a MUD
transplant, and incur chance of GvHD, severe infections, and further
failure to engraft

Alternative ERG rescue transplant scenario incorporates:
» The survival rate from a MUD transplant (66.6%)
» The expected cost and QALY impacts of GvHD from a MUD donor
» The expected cost of severe infections from a MUD donor

» Patients who subsequently fail to engraft following rescue transplant go on to

receive long term PEG-ADA (=0.3% of modelled patient cohort)

The ERG thinks that it is reasonable to assume that there will be similar mortality
rates from a given rescue transplant procedure among patients who have failed to

engraft following gene therapy as for those who fail to engraft following HSCT
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3. Overestimation of health gains
Health-related quality of life (I)

* Model assumes no disutility in relation to severe infections, IVIG
administration or central venous catheter placement

* The ERG considers that prior to transplantation the HRQL of patients
awaiting treatment may be lower than that of the general population

* The company omit a cost-effectiveness study that estimated a mean
health utility of 0.66 associated with use of IVIG. The justification is
inconsistent with company acceptance of physician survey as a source of
the health-related quality of life value for HSCT

+ Evidence supports company assumption that there is a 6-month HRQoL
decrement, but contradicts the assumption that people return to full
health after

* ERG prefer to include the 0.75 weight for IVIG disutility included in the
company sensitivity analysis

« Justification for omitting IVIG disutility was due to the age of the study and the fact

that health utility value was based on a small sample of physicians (company
submission p130)

The ERG note that where the company submission applies absolute health utility
values taken from source studies in different disease areas it would have been
preferable to calculate the decrement from the reference population in the respective
studies. This would suggest utility weights of 0.43 (0.39/0.91) for acute GvHD, 0.57
(0.52/0.91) for chronic GvHD and 0.76 (0.66/0.87) for IVIG.

Patients with ADA-SCID have been reported to have a high incidence of bilateral
sensorineural deafness (58%). A pragmatic search by the ERG identified a study that
used the HUI Mark 3 to estimate a mean health-related quality of life decrement for
bilateral permanent hearing impairment of -0.294 (p<0.01) compared to children with
normal hearing. Children with SCID exhibit worse emotional and behavioural
outcomes compared to population norms as measured by the strengths and difficulties
questionnaire (SDQ), and ADA-SCID is predictive of a worse SDQ score compared to
other SCIDs’” The SDQ score has been linked directly to a preference based measure
of health-related quality of life
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3. Overestimation of health gains
Health-related quality of life (1)

* The ERG identified the following disutilities associated with adverse events

Decrement

Condltlon Value HRQoL Cost
Bllateral
permanent hearing -0.294 £2,095.82 58.3% -0.172 £1221.86

impairment
Emotional and None None
behavioural -0.14 15% -0.021

found found

dysfunction
Source: adapted fromtable 28, page 115, ERG report

+ Emotional and behavioural dysfunctionis based is based on a mapping algorithm
to predict preference-based utility scores based on clinical bandings of the
Strengths and Difficulties Questionnaire

+ Given uncertainties surrounding mapping, the ERG prefer to include the impacts
from bilateral permanent hearing impairment only

« Titman et al reported that 25% of SCID patients who survive HSCT experience higher

levels of difficulties in emotional and behavioural function, as defined by a total
difficulties score 217 on the SDQ. This was compared to 10% in the general
population. Using a mapping algorithm to predict preference-based utility scores
based on clinical bandings of the SDQ, the ERG estimate a decrement of 0.14 for
difficulties in emotional and behavioural function among SCID patients.
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ERG comments
Key changes to company model

» Using alternative assumptions from the company’s secondary analysis
* Inclusion of Named Patient Programme data

* Assuming equal wait time and pre-procedure PEG-ADA use across
treatmentarms

» Assuming rescue therapy has cost and health outcomes of initial MUD
HSCT

« Including ongoing healthcare costs and morbidity associated with
systemic sequelae of ADA-SCID

» Adjusting unit costs for:
o HSCT from a MUD to reflect the proportion sourced from bone marrow
o GvHD events to make the cost per event consistent with severity

* Incorporating cost of baseline screening of patients ineligible for
Strimvelis

 In addition the ERG identified and corrected minor errors in the company model for
the cost applied to the first six months' follow up after Strimvelis and the cost per test
for vector copy number
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ERG comments
Combined impact of changes (l)

Strimvelis versus HSCT
Inc. costs Inc. QALY ICER AICER

T MUD  £494,255 13.6 £36,360 -
Haplo £170,668 11.7 £14,645
Company secondary MUD £495 167 13.6  £36,427 +£67
analysis Haplo £265,182 11.7  £22,755 +£8,110
Company’s IVIG MUD £494 255 13.3  £37,158  +£799
scenario (utility =0.75)  Haplo £170,668 115  £14,865  +£221
o MUD £596,613 136  £43950 +£7,590
NPP patients included
Haplo £273,026 11.6  £23,465 +£8,820
Change to rescue MUD £447 732 136  £32917 -£3,443
therapy and minor
S Haplo £11,267 1.7 £964 -£13,680
Equal initial PEG-ADA MUD £632,315 13.8 £45 881 +£9,522
durations Haplo £308,728 11.8  £26,071 +£11,426

Source: table 30, page 117-120, ERG report




ERG comments
Combined impact of changes (Il)

Strimvelis versus HSCT
Inc. costs Inc. QALY ICER AICER

Rescue therapy froma  MUD £610,306 121 £50,246 +£13,886
MUD Haplo £55,209 131  £4,216 -£10,428
Utilities for permanent MUD £494 255 11.0 £44913  +£8,553
hearing impairment Haplo £170,667 9.4 £18,121 +£3476
Costs for permanent MUD £512,977 13.6 £37,737 +£1,377
hearing impairment Haplo £186,716 11.7 £16,022 +£1,377
Updated unit costs for MUD £509,65g 13.6 £37,493 +£1 - 133
HSCT Haplo £175,584 11.7 £15,067 +£422
Cost of ineligibility for MUD ] 136 I
Strimvelis Haplo . 17 i
ERG preferred MUD £811,195 9.3 £86,815 +£50,455
analysis Haplo £184,686 1.1 £16,704 +£2,060

Source: table 30, page 117-120, ERG report




ERG Comments

Sensitivity to overall survival

+ The difference in mortality between Strimvelis and a MUD HSCT is a key driver of
the ICER. Reducing the difference increases the ICER.

« Reducing the difference in survival also impacts the adjusted QALY weighting

« Strimvelis must reduce mortality by over 25 percentage points compared to a
MUD for the ICER to be below the adjusted threshold

Strimvelis vs MUD ICER Adjusted threshold*

ICERs below the £100,000 QALY threshold
0.667 £86,856 £159,000
0.70 £97,699 £140,000
ICERs above the £100,000 QALY threshold, but below the adjusted threshold
£101,549 £135,000
£115,277 £118,000
ICERs above the £100,000 QALY threshold and the adjusted threshold

£120,759 £112,000
£141,027 £100,000 (no adjustment)

Source: adapted fromtable 32, page 120-121, ERGreport; ERG preferred analysis bolded and underlined

*adjusted threshold based on the QALY weighting applied to the undiscounted QALY
gain

« The Strimvelis versus haploidentical ICER reduces when the difference in mortality
between Strimvelis and a haploidentical donor HSCT is reduced. The underlying
reason for this is the high rates of rescue therapy following HSCT from a
haploidentical donor. Increasing survival following HSCT increases QALYs but is
associated with large increases in the costs of PEG-ADA when awaiting rescue
therapy and the cost and mortality risks of the rescue transplant. Given the very small
numbers that inform the rates of rescue therapy the results should be taken with
caution.



ERG Comments

Sensitivity to discount rate

» A discount rate of 1.5% may be considered if it is highly likely that, on the basis of
the evidence presented, the long-term health benefits are likely to be achieved.

+ Company considers Strimvelis meets this criteria as treatment leads to long and
sustained benefit and people regain normal life expectancy

* The ERG is concerned that many patients will not return to full health, but the
1.5% discount rate applied may be reasonable according to NICE guidance

« The ICERs are sensitive to the discount rate, but remains below the respective
adjusted thresholds

Strimvelis versus HSCT
Inc. costs Inc. QALY ICER AICER

ERG preferred MUD £811,195 9.3 £86,815 -
assumptions (1.5%) Haplo £184,686 1.1  £16,704

ERG preferred MUD £740,930 5.5 £135028 +£48,213
assumptions (3.5%) Haplo £238,681 6.5 £36,837 +£20,133

Source: Table 1, page 1-2, ERG addendum

« HST interim methods state: “A discount rate of 1.5% for costs and benefits may be
considered by the Evaluation Committee if it is highly likely that, on the basis of the
evidence presented, the long-term health benefits are likely to be achieved. Further,
the Evaluation Committee will need to be satisfied that the introduction of the
technology does not commit the NHS to significant irrecoverable costs.”
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ERG Comments
Sensitivity to product price
* Product cost of Strimvelis is uncertain due to potential fluctuations in the

exchange rate and the associated hospitalisation charge is still under
negotiation between NHS England and the company

» |CER for Strimvelis compared to MUD is sensitive to both overall survival
and the product cost

Strimvelis product price

£103K £98K £92K £87K £81K £76K £71K

1.00
(159K)

0.95
(133K) £119K £112K £106K £99K £93K £87K £80K
0.90
(108K)
Source: adapted from figure 5, page 122, ERG report; ERG preferred analysis bolded and underlined

Strimvelis survival
(adjusted threshold)

£142K £134K £126K £118K £110K £102K £94K

+ The ERG identified a number of treatment relevant costs that were omitted from the
company model, including additional costs for hospital stays in Milan that exceed 55

days and the costs of back up bone marrow administration. These uncertainties could

increase the total cost the NHS must pay for the Strimvelis procedure
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ERE %omments

Sensitivity to rates of rescue therapy

» Highly uncertain whether there is any difference in the rate of rescue
therapy between Strimvelis and HSCT

» Equalling rates of rescue therapy to the Strimvelis rescue rate would
increase MUD rate from 10% and decrease haploidentical rate from 40%

* The ICERis sensitive to this change, which is driven by the assumed
PEG-ADA costs required to bridge patients to rescue therapies

Strimvelis versus HSCT
Inc. costs Inc. QALY ICER AICER

MUD £811,195 9.3 £86,815 -
ERG preferred analysis

Haplo £184,686 1.1 £16,704 -

MUD £514,931 11.0 £46,849 -£39 965

Equal rescue rates of
. Haplo £480,950 9.4 £51,116 +£34412

Source: adapted fromtable 34, page 126, ERG report

» Assumptions that improve the anticipated outcomes of rescue transplant after
Strimvelis, for example if rescue transplantation is earlier following Strimvelis due to
the avoidance of chronic GvHD or because MUD options have not yet been
exhausted, this would be expected to reduce the ICER for Strimvelis compared to
HSCT from a MUD.
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ERG Comments

Alternative treatment pathway scenario

+ ERG highlightthere are alterative pathways to Strimvelis treatment
o People may explore the potential for a MUD before deciding to use Strimvelis
o People may have Strimvelis as a rescue therapy after HSCT

+ For both these scenarios cost of searching fora MUD would be included

* ERG note that the ICER for Strimvelis compared to a weighted combination of
HSCT from a MUD and HSCT from a haploidentical donor would be lower than
that estimated for Strimvelis compared to HSCT from a MUD only

Strimvelis versus HSCT
Inc. costs Inc. QALY ICER AICER

. MUD £811,195 9.3 £86,815 -

ERG preferred analysis
Haplo £184,686 1.1  £16,704 -
MUD £856,322 9.3 £91644 +£4 830

Cost of screening for a
MUD Haplo  £229,913 111 £20,786 +£4,082

Source: table 33, page 125, ERGreport

 In the absence of evidence regarding the proportion of ADA-SCID patients for whom
no appropriate MUD can be found, it is not possible to estimate a weighted
combination of HSCT from a MUD or haploidentical donor to represent the costs and
health outcomes that would be expected from HSCT prior to completion of a donor
search.

* The ERG note that the ICER for Strimvelis compared to a weighted combination of

HSCT from a MUD and HSCT from a haploidentical donor would be lower than that
estimated for Strimvelis compared to HSCT from a MUD only.
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ERG Comments

Conclusions
* ERG had concerns that:

o Treatment costs are overestimated for HSCT and underestimated for Strimvelis
o Position of Strimvelis in the treatment pathway has not been fully explored
o There is an overestimation of health gains with Strimvelis

» Stimvelis is cost-effective versus HSCT from a haploidentical donor

* The results for Strimvelis versus HSCT from a MUD are very sensitive to
the assumed reduction in mortality for Strimvelis

» Using the ERG’s model, if Strimvelis does not improve mortality by more
than 25 percentage points, it would not be cost-effective versus a
matched unrelated donor HSCT under an adjusted threshold
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Innovation

The company considers Strimvelis is an innovative treatment because:

 To date, Strimvelis is the only ex vivo gene therapy to gain marketing
authorisation from the EMA

» Strimvelis is a step-change in the management of ADA-SCID because it
corrects the underlying cause of the disease using the patients’ own cells
circumventing the need for a stem cell donor search and the risk of
iImmune rejection (GvHD)

» Advanced therapies form an important part of the UK Life Sciences
strategy. The UK aspires to position itself as a global hub for researching,
developing, manufacturing, and adopting advanced therapies
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Managed Access Agreement

» Given the low ICERs and budget impact, the company does not believe
that a managed access arrangement (MAA) is required. Moreover,
elements often observed in MAAs are already naturally in place for
Strimvelis.

o Strimvelis is only indicated for patients with ADA-SCID withoutan MRD;
therefore, eligibility is already restricted to those patients that can benefit the
most.

o In addition, The company will only expect referrals from 2 specialist hospitals
that are the major paediatric immune disease centres in the UK, which further
ensures that Strimvelis will only be given to patients for whom the treatment is
fully appropriate.

o Data collection to monitor outcomes is already in place through the Strimvelis
registry, and these data can be shared with the NHS as they become
available.
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QALY weighting

* For ICERs above £100,000 per QALY, recommendations must take into
account the magnitude of the QALY gain and the additional QALY weight that
would be needed to fall below £100,000 per QALY

* To apply the QALY weight, there must be compelling evidence that the
treatment offers significant QALY gains

Less than or equal to 10 1

11-29

Between 1 and 3 (using equal incr)

Greater than or equal to 30 3

Strimvelis vs
MUD-HSCT

Strimvelis QALY gains
Incr. QALYs (undiscounted)

Haploidentical HSCT
Source: Adapted fromtable D20, page 197, Company submission; table 31, page 120, ERG report
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Factors affecting the guidance

* In forming the guidance, committee will take account of the following factors:

Nature of the condition Clinical effectiveness

+ Extent of disease morbidity and + Magnitude of health benefits to patients and

patient clinical disability with carers
current care » Heterogeneity of health benefits
+ Impact of disease on carers’ QoL * Robustness of the evidence and the how the
+ Extent and nature of current guidance might strengthen it
treatment options + Treatment continuation rules
+ Cost effectiveness using * Non-health benefits
incremental cost per QALY + Costs (savings) or benefits incurred outside
+ Patient access schemes and other of the NHS and personal and social services
commercial agreements * Long-term benefits to the NHS of research
* The nature and extent of the and innovation
resources needed to enable the + The impact of the technology on the delivery

new technology to be used of the specialised service
« Staffing and infrastructure requirements,
including training and planning for expertise




Equality

* In England ADA-SCID is most common in people from Irish Traveller and
Somalian family origins

« Company have noted donor availability for HSCT can differ based on
ethnicity, with people from non-Caucasian backgrounds having a more
difficult time finding a suitable donor and a longer wait for an available
donor

» Using gene therapy treatments such as Strimvelis will avoid the longer
wait for these patients

* Due to low patient numbers the company model has not explored
subgroup analysis by ethnicity

* The company does not explore alternative treatment pathways based on
longer treatment durations for some people
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Key issues for consideration
Cost-effectiveness evidence (l)

Overall modelling approach

* |s the company model appropriate for decision-making?
o Should alternative treatment pathways be considered in the model?

» Should data from the Named Patient Program be included?
* |s it appropriate thata 1.5% discount rate is used?

Overall and intervention-free survival

» Whatis the most plausible difference in overall survival for Strimvelis and
HSCT?

» Whatare the most plausible rates of intervention-free survival for the
treatments?

» Will life expectancy following treatment be equal to the general
population?
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Key issues for consideration
Cost-effectiveness evidence (Il)

Assumptions in the model: costs, utilities and rescue therapy
» Whatare the most plausible pre-treatment PEG-ADA durations?
+ What uncertainties around the product price need to be taken into account?

» Are the assumptions around utilities appropriate?
o Will long-term utilities following treatment be equal to the general population?
o What utilities should be included in the modelling?

» Are the assumptions around rescue therapy appropriate?
o What form of rescue treatment will people whose treatment has failed have?
o Do rescue rates differ systematically between different groups?

Conclusions

* What QALY weighting should be used in decision-making?

» Whatfactors affecting the guidance need to be taken into account?
» Whatare the most plausible ICERs?
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Appendix B

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Highly Specialised Technologies Evaluation

Strimvelis for treating severe combined immunodeficiency caused by
adenosine deaminase deficiency

Final scope

Remit/evaluation objective

To evaluate the benefits and costs of Strimvelis within its licensed indication
for treating severe combined immunodeficiency caused by adenosine
deaminase deficiency for national commissioning by NHS England.

Background

Immunodeficiency is caused by failure of a component of the immune system
and results in increased susceptibility to infections. Severe combined
immunodeficiency caused by adenosine deaminase deficiency (ADA-SCID) is
a disease in which the body cannot make functional lymphocytes (a type of
white blood cell) and, as a result, patients have a severely impaired immune
system. A faulty gene inherited from both parents impairs production of an
essential protein called adenosine deaminase, which is particularly important
for the formation of lymphocytes and a functioning immune system. This
deficiency usually results in the onset of serious infections within the first few
months of life. The symptoms of ADA-SCID include an increased
susceptibility to infections and failure to thrive; ADA-SCID also has non-
immunological manifestations, including neurological and developmental
effects. ADA-SCID is chronically debilitating and life-threatening.

ADA-SCID accounts for about 10-15% of all diagnoses of severe combined
immunodeficiency'. The overall annual incidence is estimated to be between
1in 200,000 and 1 in 1,000,000 live births', although the incidence varies
widely between populations; it is estimated that approximately 10 people are
born with ADA-SCID per year in England.

Diagnosis of ADA-SCID includes lymphocyte count, immunoglobulin testing
and biochemical and genetic testing. Initial management includes treatment
with antibiotics, antiviral and antifungal medicines, intravenous
immunoglobulins and prophylaxis for Pneumocystis jiroveci (a type of fungal
pneumonia), but most people with ADA-SCID ultimately require a bone
marrow transplant. Treatment is based on allogeneic haematological stem cell
transplantation (HSCT), ideally from a human leukocyte antigen (HLA)-
matched related stem-cell donor. However, for about half of people with ADA-
SCID, an HLA-matched related donor cannot be found, and other treatment
options include HSCT from an HLA-matched unrelated donor, an HLA
haploidentical donor (usually a parent) or umbilical cord derived stem cells.
Enzyme replacement therapy with pegylated adenosine deaminase enzyme
(does not currently have a marketing authorisation in the UK) is often
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Appendix B

considered in clinical practice as a short-term option before a bone marrow
transplant.

The technology

Strimvelis (GlaxoSmithKline) is a gene therapy containing autologous CD34*
cells transduced ex vivo with a replication-deficient retroviral vector containing
the correct form of the human ADA gene in the DNA sequence. The patient’s
haematopoietic progenitor and stem cells are harvested from the bone
marrow and purified. These are then modified using a viral vector to insert one
or more copies of the ADA gene into the cells. When sufficient transduced
cells are produced, the patient has pre-treatment with busulfan and the
transduced cells are reintroduced into the patient.

Strimvelis has a marketing authorisation for treating severe combined
immunodeficiency caused by adenosine deaminase deficiency (ADA-SCID),
in people for whom no suitable human leukocyte antigen (HLA)-matched
related stem cell donor is available.

Intervention(s) Strimvelis (retroviral-transduced autologous CD34*
cells)
Population(s) People with ADA-SCID for whom no suitable HLA-

matched related stem cell donor is available

Comparators Bone marrow transplant (including HSCT from an
HLA-matched unrelated donor or HSCT from an HLA-
haploidentical donor)

Outcomes The outcome measures to be considered include:
e overall survival
e intervention-free survival

e immune function (including rate of severe
infection, lymphocyte counts, thymopoiesis,
use of intravenous immunoglobulin,
vaccination response)

e non-immunological aspects of ADA-SCID
(including neurological and developmental
effects)

¢ need for and duration of in-patient treatment
e adverse effects of treatment

¢ health-related quality of life (for patients and
carers).

Nature of the e disease morbidity and patient clinical disability
condition
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Appendix B

with current standard of care
impact of the disease on carer’s quality of life

extent and nature of current treatment options

Clinical
Effectiveness

overall magnitude of health benefits to patients
and, when relevant, carers

heterogeneity of health benefits within the
population

robustness of the current evidence and the
contribution the guidance might make to
strengthen it

treatment continuation rules (if relevant)

Value for Money

Cost effectiveness using incremental cost per
quality-adjusted life year

Patient access schemes and other commercial
agreements

The nature and extent of the resources needed
to enable the new technology to be used

Impact of the
technology beyond
direct health benefits

whether there are significant benefits other
than health

whether a substantial proportion of the costs
(savings) or benefits are incurred outside of the
NHS and personal and social services

the potential for long-term benefits to the NHS
of research and innovation

the impact of the technology on the overall
delivery of the specialised service

staffing and infrastructure requirements,
including training and planning for expertise.
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Appendix B

Other considerations

If the evidence allows, subgroups based on the
degree of HLA matching for HSCT (that is, people for
whom matched unrelated or haploidentical HSCT is
available) will be considered.

The analysis will include consideration of the duration
of enzyme replacement therapy with pegylated
adenosine deaminase in people treated with the
intervention or comparator, and should include any
relevant differences in costs or outcomes associated
with this.

Guidance will only be issued in accordance with the
marketing authorisation

Guidance will take into account any Managed Access
Arrangements

Related NICE
recommendations
and NICE Pathways

None

Related National
Policy

NHS England (2016) Manual for prescribed
specialised services 2016/17. Chapter 100: Severe
combined immunodeficiency and related disorders
service (children)

NHS England (2013) NHS standard contract for
severe immunodeficiency and related disorders
service (children)

Department of Health (2014) NHS Outcomes
Framework 2015-2016. Domains 1, 2, 4 and 5.
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Matrix of consultees and commentators

Consultees Commentators (no right to submit or
appeal)
Company General

e GlaxoSmithKline (Strimvelis)

Patient/carer groups

e Action for Sick Children

¢ Anthony Nolan

e Climb (Children Living with Inherited

Metabolic Diseases)

Friends, Families and Travellers

Genetic Alliance UK

Genetic Disorders UK

Jnetics

Midaye

Muslim Council of Britain

National Children's Bureau

Ocean Somali Community Association

Paveepoint Traveller and Roma

Centre

Primary Immunodeficiency UK

Purine Metabolic Patients’ Association

South Asian Health Foundation

Specialised Healthcare Alliance

The National Federation of Gypsy

Liaison Groups

The Travellers Movement
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Medicine
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Comparator companies

e Orchard Therapeutics (ex-vivo
autologous gene therapy)

e Sigma-Tau Pharmaceuticals (pegylated
adenosine deaminase enzyme)

Relevant research groups

e Cell and Gene Therapy Catapult
e Cochrane Cystic Fibrosis and Genetic
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of Metabolism
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Others

e Department of Health
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Immunology Department

¢ Newcastle upon Tyne Hospitals NHS
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e NHS England

o Welsh Government
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Definitions:
Consultees

Organisations that accept an invitation to participate in the evaluation; the company that
markets the technology; national professional organisations; national patient
organisations; the Department of Health and the Welsh Government and relevant NHS
organisations in England.

The company that markets the technology is invited to make an evidence submission,
respond to consultations, nominate clinical specialists and has the right to appeal against
the Final Evaluation Determination (FED).

All non-company consultees are invited to submit a statement’, respond to consultations,
nominate clinical specialists or patient experts and have the right to appeal against the
Final Evaluation Determination (FED).

Commentators

Organisations that engage in the evaluation process but that are not asked to prepare an
evidence submission or statement, are able to respond to consultations and they receive
the FED for information only, without right of appeal. These organisations are: companies
that market comparator technologies;

Healthcare Improvement Scotland; the relevant National Collaborating Centre (a group
commissioned by the Institute to develop clinical guidelines); other related research
groups where appropriate (for example, the Medical Research Council [MRC], National
Cancer Research Institute); other groups (for example, the NHS Confederation, NHS
Alliance and NHS Commercial Medicines Unit, and the British National Formulary.

All non-company commentators are invited to nominate clinical specialists or patient
experts

"Non-company consultees are invited to submit statements relevant to the group
they are representing.
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Glossary of terms

Term Definition

ADA Adenosine deaminase

ADA-SCID Adenosine deaminase-severe combined
immunodeficiency

ADR Adverse drug reaction

AE Adverse event

AST Aspartate aminotransferase

ATMP Advanced therapeutic medicinal product

BMT Bone marrow transplant

cDNA Complementary deoxyribonucleic acid

CEAC Cost Effectiveness Acceptability Curve
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CNS Central nervous system

cpm Counts per minute

CRF Case report form
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dATP Deoxyadenosine triphosphate

dAXP Deoxyadenosine nucleotides

EBMT European Society for Blood and Marrow
Transplant

EBV Epstein-Barr virus

EMA European Medicines Agency

ERT Enzyme replacement therapy

ESID European Society for Inmunodeficiencies

EU European Union

GCP Good Clinical Practice

GOSH Great Ormond Street Hospital

GSK GlaxoSmithKline

GvHD Graft versus host disease

HLA Human leukocyte antigen

HPV Human papillomavirus

HRQL Health-related quality of life

HSR-TIGET San Raffaele Telethon Institute for Gene
Therapy Ospedale San Raffaele s.r.l. (formerly
Fondazione Centro San Raffaele del Monte

HSCT Haematopoietic Stem Cell Transplantation
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ICER Incremental cost-effectiveness ratio
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IEWP Inborn Errors Working Party

1Q Intelligence quotient
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IVIG Intravenous immunoglobulin
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LY Life years
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MedDRA Medical Dictionary for Regulatory Activities

MFD IMatched family donor

MLS Mean life expectancy

MMR Measles mumps rubella
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MMUD \Mismatched unrelated donor

MRD Matched related donor (includes matched sibling
donor and matched family donor)

MSD Matched sibling donor

MUD Matched unrelated donor

NA Not applicable

NHS National Health Service

NICE National Institute for Health and Care
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NK Natural Killer cells
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OMIM Online Mendelian Inheritance in Man

ONS Office for National Statistics

PASS Post-Authorisation Safety Study

PedsQL Paediatric Quality of Life Inventory

PEG-ADA Polyethylene glycol-modified bovine adenosine
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PSA Probabilistic sensitivity analysis

PSS Prescribed Specialised Services

QALY Quality-adjusted life years

RBCs Red blood cells

SAE Serious adverse event
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Executive Summary

Summary

Adenosine deaminase-severe combined immunodeficiency (ADA-SCID) is
an ultra-rare and fatal autosomal recessive monogenic inherited immune
disorder. The maijority of patients with ADA-SCID are diagnosed in the first
year of life and rarely survive beyond 1 to 2 years unless immune function
is restored. ADA-SCID can have a devastating effect on quality of life for
the patient and family members due to the need for isolation and
continuous care.

Strimvelis is the first approved ex-vivo gene therapy product for paediatric
patients in the European Union (EU). No other ex-vivo gene therapy
product has been approved for paediatric patients anywhere in the world.

Strimvelis is a one-time gene therapy treatment that corrects the
underlying cause of the disease using the patient’s own cells,
circumventing the need for a lengthy and expensive stem cell donor
search and the risk of immune rejection (graft versus host disease
[GVHD]) after haematopoietic stem cell transplantation (HSCT).

Strimvelis treatment has resulted in 100% long-term survival for patients
with ADA-SCID in the clinical programme (median and maximum follow-up
durations of approximately 6.9 years and 13 years, respectively), which is
a marked improvement in survival compared with HSCT in patients
without a matched related donor (MRD) (reported as 67-71% for patients
without an MRD, depending upon donor source). Intervention-free survival
was 82% in the Strimvelis clinical programme. Following successful
engraftment in the patient, the effects of single-dose treatment with
Strimvelis are expected to be lifelong.

European Society for Blood and Marrow Transplant/ European Society for
Immunodeficiencies (EBMT/ESID) guidelines recommend that patients
with ADA-SCID without an MRD available should receive a gene therapy
product, such as Strimvelis, as first-line therapy.

Strimvelis is estimated to be highly cost-effective with incremental cost-
effectiveness ratios (ICERs) considerably below the Highly Specialised
Technology programme threshold.

With an estimated 1 patient per year receiving Strimvelis in England, the
budget impact will be significantly below the £20 million budget impact
threshold in any year.
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The Technology

Strimvelis is the first approved ex-vivo gene therapy product for paediatric
patients in the EU. No other ex-vivo gene therapy product has been approved for
paediatric patients anywhere in the world. Strimvelis is indicated for the treatment
of patients with severe combined immunodeficiency (SCID) due to adenosine
deaminase (ADA) deficiency (ADA-SCID) for whom no suitable human leukocyte
antigen (HLA)-matched related stem cell donor (MRD) is available.

Strimvelis is used as part of a one-time gene therapy treatment that corrects the
underlying immunologic cause of the disease using the patient’s own cells,
circumventing the need for a lengthy and expensive stem cell donor search and
the risk of immune rejection (graft versus host disease [GvHD]), which has a
significant effect on survival. Strimvelis is the transduced cell product and should
not be confused with the gene therapy procedure, which encompasses all of the
hospital-based procedures that take place as part of delivering Strimvelis to
patients. Strimvelis is registered as an advanced therapeutic medicinal product
(ATMP) and was granted marketing authorisation by the European Medicines
Agency (EMA).

Strimvelis must be administered in a specialist transplant centre, by a physician
with previous experience in the treatment and management of patients with ADA-
SCID and in the use of autologous CD34+ ex vivo gene therapy products. At
present, treatment with Strimvelis can only be performed at HSR-TIGET, Milan,
Italy due to the 6-hour shelf life of the manufactured cell therapy product and the
location of the manufacturing site. Following successful engraftment in the
patient, the effects of single-dose treatment with Strimvelis are expected to be
lifelong.

Nature of the condition

ADA-SCID is a fatal autosomal recessive monogenic inherited immune disorder.
The majority of patients with ADA-SCID are diagnosed in the first year of life
(early onset) and rarely survive beyond 1 to 2 years unless immune function is
restored [Hershfield, 2017]. The main features of ADA-SCID are failure to thrive
and recurrent infections due to profound lymphopenia, impaired differentiation
and function of T cells, B cells, and natural killer (NK) cells. ADA-SCID is different
from other forms of SCID in that ADA-SCID is a systemic metabolic disorder
[Hassan, 2012]. Non-immunological abnormalities may also occur as a
consequence of the systemic metabolic defect and include hepatic, lung, and
renal disease, lymphoma, often associated with cells bearing Epstein-Barr virus
(EBV) genomes, skeletal alterations, neurological deficits affecting motor function
and hearing, and cognitive/behavioural deficits.

In GlaxoSmithKline (GSK) research conducted through telephone interviews of
carers of patients with ADA-SCID who were not treated with GSK gene therapy,
frequently reported [|. Aspects that most affected carer quality of life included

[ can have a profound impact on both patient and carer quality of life [ [Data

on file].
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Current treatment options

Current treatment options remain suboptimal prior to the availability of Strimvelis.
If a patient is diagnosed with ADA-SCID in England, the child is maintained in
isolation and their siblings and parents are immediately screened to determine a
matched related donor (MRD) is available for HSCT. Unfortunately, only 20-25%
of infants have a suitable HLA-MRD available [Ferrua, 2010; Hirschorn, 2014]. If
a suitable MRD is not identified, the patient begins stabilizing therapy with
supportive enzyme replacement therapy (ERT) and the search for an alternative
donor begins. Outcomes are less favourable for patients for whom MRDs are not
available.

Besides HSCT from a MRD, current treatment options for ADA-SCID include:
e HSCT from a matched unrelated donor (MUD)
e HSCT from a haploidentical donor
e Long term enzyme replacement therapy (ERT)

HSCT from a MUD is the preferred treatment option in England for patients
without an MRD based on external expert clinical advice. In an analysis of
survival from 1995 to 2009, survival was reported to be 67% after HSCT from a
MUD. The primary causes of death after HSCT include pneumonitis/respiratory
failure, sepsis, GvHD, and fungal infections [Hassan, 2012]. For patients who
survive HSCT from a MUD, GvHD can affect health-related quality of life (HRQL).
Acute GvHD may cause rash, nausea, vomiting, anorexia, profuse diarrhoea,
ileus, and cholestatic hepatitis. Chronic GvHD can be limited to a single organ or
could be more widespread. Chronic GvHD can lead to debilitating consequences,
such as loss of sight, joint contractures, end-stage lung disease, or death
[Filipovich, 2005]. HSCT from a MUD requires a search for a donor, which can be
lengthy, expensive, and a source of anxiety for patients’ families. Donor
availability can differ based on ethnicity, with non-Whites having a more difficult
time finding a suitable donor and a longer wait for an available donor [Majhail,
2012; Lown, 2013; Pidala, 2013].

HSCT from a haploidentical donor is an option considered in other countries, but
has not been performed in England in a patient with ADA-SCID in the past 15
years according to external expert clinical advice. In an analysis of survival from
1981 to 2009, survival was reported to be 43% overall after HSCT from a
haploidentical donor. Survival has improved over time (71% for procedures from
a haploidentical donor performed from 2000-2009) but remains suboptimal. As
with HSCT from a MUD, GvHD may occur after HSCT from a haploidentical
donor.

Supportive ERT, specifically polyethylene glycol-modified bovine adenosine
deaminase (PEG-ADA), can also be used to manage the disease in the short
term. However, there are several drawbacks to this product, which is not licensed
in the United Kingdom (UK), such as availability, cost, the need for frequent
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(weekly or bi-weekly) lifelong injections, the potential development of antibodies,
and evidence of decreased efficacy over time [Chan, 2005]. PEG-ADA is not
used as a long-term treatment option in England according to expert clinical
advice. It was therefore excluded from the scope of this appraisal by the National
Institute for Health and Care Excellence (NICE).

In summary, for those patients with ADA-SCID for whom no suitable HLA-MRD is
available, the current treatment options are suboptimal. There is a high unmet
need for a new treatment option such as Strimvelis. Following successful
engraftment, Strimvelis provides long-term corrective therapy with an improved
probability of survival and without additional complications associated with
GvHD.

Impact of the new technology

Strimvelis is a one-time treatment, intended to provide lifelong benefit for this
population with a high unmet need. This innovation is a step-change to the
current clinical pathway recognised by EBMT/ESID guidelines, which have
recently been updated to recommend gene therapy, using a product such as
Strimvelis, as the treatment of choice for patients with ADA-SCID without an
MRD (described as matched sibling donor [MSD]/matched family donor [MFD] in
the guidelines) [EBMT/ESID Guidelines, 2017].

The safety and efficacy of Strimvelis have been evaluated in a programme
comprising 2 pilot studies, 1 pivotal study, a compassionate use programme
(CUP), and a long-term follow-up (LTFU) study. In total, 18 patients across all
studies and the CUP were treated with Strimvelis and included in the Integrated
Population that formed the basis of the regulatory submission.

Survival was the primary efficacy endpoint assessed. Gene therapy with
Strimvelis has resulted in 100% long-term survival for patients in the programme
(median and maximum follow-up durations of approximately 6.9 years and

13 years, respectively), which is a marked improvement in survival compared
with available survival data for HSCT for ADA-SCID patients without an MRD.
Intervention-free survival, defined as the proportion of patients surviving without
further intervention (PEG-ADA use for a continuous period of 23 months or
HSCT) after Strimvelis therapy, was 82% (14/17) in the Integrated Population.
The majority of patients demonstrated evidence of engrafted gene-modified cells,
sustained increases in functional gene-modified lymphocytes, maintenance of a
robust immune reconstitution, significantly fewer severe infections over time, and
continued physical growth.

Although patients in the Strimvelis clinical programme generally remained below
the 50th growth percentile for a normal, age-matched population, most continued
to track along their original percentiles for growth. At the time of the marketing
application submission, 12 out of 14 patients (86%) surveyed were attending
preschool/school as appropriate for their age. A remaining unmet need is
treatment for central nervous system (CNS) abnormalities, which are frequent
manifestations of ADA-SCID in long-term survivors of bone marrow transplant
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(BMT) [Rogers, 2001; Booth, 2007]. Like HSCT, Strimvelis has not yet shown an
impact on the non-immunological CNS defects associated with ADA-SCID.
However, Lansky performance status index was queried in 14 patients, and all
patients were reported as ‘fully active, normal’ during LTFU, with one exception
who had minor restrictions in strenuous physical activity recorded at Year 7
[Cicalese, 2016].

Overall, the safety findings of Strimvelis are in line with those expected in an
ADA-SCID population that has undergone busulfan conditioning and is
undergoing immune reconstitution [Cicalese, 2016]. Low-dose busulfan is used
as pre-treatment for Strimvelis instead of the full-dose chemotherapy regimens
used in some HSCT protocols [Hassan, 2012]. As expected, given that Strimvelis
is an autologous therapy, no GvHD was observed in the clinical programme
[Cicalese, 2016]. The absence of GvHD after Strimvelis treatment is the key
difference in adverse events (AEs) compared with HSCT. Otherwise, AEs were
comparable to those expected after HSCT from a MUD or haploidentical donor.

The Strimvelis clinical programme has shown that Strimvelis is an innovative
treatment option for patients with ADA-SCID that provides 100% survival and
82% intervention-free survival for this ultra-rare condition. The long-term efficacy,
tolerability, and safety outcomes will be monitored via the Strimvelis Patient
Registry Study, a non-interventional, observational, prospective Post-
Authorisation Safety Study of patients with ADA-SCID treated with Strimvelis.
The primary objective of this study is to characterise the long-term safety and
effectiveness of Strimvelis over a 15-year post-treatment period in up to

50 patients treated.

Value for money

The acquisition cost of the Strimvelis product is £505,000. A cohort model was
used to model the pathway of care and compare the costs and outcomes of
Strimvelis treatment with that of the HSCT comparators over a lifetime horizon.
Strimvelis is estimated to provide large quality-adjusted life year (QALY) gains:
13.6 QALYs when compared to HSCT from a MUD and 11.7 QALYs when
compared to HSCT from a haploidentical donor.

As a result, although, lifetime costs for Strimvelis are higher than the lifetime
costs for either HSCT procedure, the incremental cost-effectiveness ratios
(ICERSs) for Strimvelis versus HSCT procedures are quite low: the ICER for
Strimvelis versus an HSCT from a MUD is £36,360/QALY gained and the ICER
for Strimvelis versus an HSCT from a haploidentical donor is £14,645/QALY
gained. The analysis assumes a 1.5% discounting rate for costs and outcomes,
consistent with the latest NICE guidance for technology treatments that restore
people who would otherwise die or have a very severely impaired life to full or
near-full health and sustain gains over a very long period [NICE, 2017al].

These base-case ICERs are considerably below the recently introduced
thresholds of £100,000/QALY gained and up to £140,000/QALY gained given the
magnitude of QALY gains provided by Strimvelis, which would guarantee

Specification for company submission of evidence 16 of 252



automatic funding, from routine commissioning budgets, for treatments of very
rare conditions (highly specialised technologies).

Uncertainty in these cost-effectiveness estimates has been explored through
extensive deterministic and probabilistic sensitivity analyses. The deterministic
analysis shows that, in all cases, the ICERs for Strimvelis versus either HSCT
procedure remain below the recently introduced threshold criteria. The
probabilistic sensitivity analysis indicates a 97% likelihood that the ICERs for
Strimvelis versus either HSCT procedure are below £100,000/QALY gained.

Based on literature guidance [Ferrua, 2010; Hirschorn, 2014], it is expected that
2 patients per year in England will be eligible for Strimvelis. As uptake of the new
technology is not expected to be 100% given the travel requirements and need to
live in Milan for 4.5 months, approximately 1 patient per year would be expected
to receive Strimvelis. Over the first year of uptake, the budget increase that
results from treating 1 patient with Strimvelis (rather than HSCT from a MUD) is
£385,761. Over 5 years, the cumulative budget impact of treating 1 patient with
Strimvelis each year (rather than 1 patient with HSCT from a MUD each year) is
£2,345,128.

Given the low ICERs and budget impact, GSK does not believe that a managed
access arrangement (MAA) is required. Moreover, elements often observed in
MAAs are already naturally in place for Strimvelis.

e Strimvelis is only indicated for patients with ADA-SCID without an MRD;
therefore, eligibility is already restricted to those patients that can benefit
the most.

¢ In addition, GSK will only expect referrals from 2 specialist hospitals that
are the major paediatric immune disease centres in the UK, which further
ensures that Strimvelis will only be given to patients for whom the
treatment is fully appropriate.

e Data collection to monitor outcomes is already in place through the
Strimvelis registry, and these data can be shared with the NHS as they
become available.

In summary, the base-case and sensitivity analyses presented in this report show
that Strimvelis provides a significant survival and quality of life benefit at an
acceptable cost when compared against HSCT from a MUD or HSCT from a
haploidentical donor, and is, therefore, estimated to be a highly cost-effective
option for patients with ADA-SCID.

Impact of the technology beyond direct health benefits

The benefits of treating patients with ADA-SCID extend beyond improved health
or value for money. ADA-SCID is a fatal disease that takes a toll on the quality of
life of not only the patient but also the patient’s carers and family.

The impact on family can be extreme and devastating, particularly whilst the
search for a donor is ongoing, the child is kept in isolation, and the outcome of a
HSCT procedure is unknown._In addition, GSK research telephone interviews of
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carers of patients with ADA-SCID found that having a child with ADA-SCID [Jij
Successful treatment with Strimvelis would be expected to eliminate some of
these concerns and improve key factors that contribute to carer quality of life,
such as frequent infections and the resulting need for hospitalisation and
isolation.

The impact of the technology on the delivery of the specialised service

No additional infrastructure will be required to ensure the appropriate use of
Strimvelis. Patients will be diagnosed and initially assessed by doctors at
specialist centres in England. If an HLA-matched related bone marrow donor is
not available, the doctor may discuss the option of Strimvelis gene therapy with
the family. Screening for eligibility will be conducted by doctors at specialist
centres in England. HSR-TIGET will liaise with the clinical team and determine
that Strimvelis is appropriate for the particular patient (patient has ADA-SCID
without a suitable MRD and is able to donate adequate CD34+ cells). As
treatment itself will only occur in Italy, expertise in administering gene therapy is
not required. However, specialists may require access to gene therapy-specific
diagnostic tests for long-term monitoring.

Conclusion

Strimvelis, the first ex-vivo gene therapy product approved for paediatric patients,
represents a step-change in the management of ADA-SCID. Strimvelis provides
important clinical benefits compared with HSCT from a MUD or haploidentical
donor, including a significant improvement in survival, avoidance of expensive
and burdensome GvHD, and reduction of the financial and emotional costs of
screening. EBMT/ESID guidelines recognise these clinical improvements by
positioning gene therapy, using a product such as Strimvelis, as first-line therapy
for patients without an MRD. These clinical benefits have changed the paradigm
for how ADA-SCID is treated and are offered at a cost that generates ICERs well
below the £100,000/QALY threshold. Strimvelis delivers significantly
improved survival compared with HSCT from a MUD or haploidentical
donor at a highly cost-effective price.
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Section A — Decision problem

1 Statement of the decision problem

Table A1 Statement of the decision problem

Final scope
issued by NICE

Variation from
scope in the
submission

Rationale for
variation from
scope

Population

People with ADA-
SCID for whom no
suitable HLA-
matched related
stem cell donor is
available

None

Not applicable

Intervention

Strimvelis
(retroviral-
transduced
autologous CD34+
cells)

None

Not applicable

Comparator(s)

Bone marrow
transplant
(including HSCT
from an HLA-MUD
and HSCT from an
HLA-
haploidentical
donor)

None

Not applicable
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Final scope
issued by NICE

Variation from
scope in the
submission

Rationale for
variation from
scope

Outcomes

The outcome
measures to be
considered
include:

eoverall survival

sintervention-free
survival

simmune function
(including rate of
severe infections,
lymphocyte
counts,
thymopoiesis, use
of IVIG, and
vaccination
response)

*non-
immunological
aspects of ADA-
SCID (including
neurological and
developmental
effects)

*need and
duration of in-
patient treatment

*adverse effects of
treatment

*health-related
quality of life (for
patients and
carers)

None

Not applicable

Subgroups to be
considered

Not applicable

None

Not applicable

Nature of the
condition

«disease morbidity
and patient clinical
disability with
current standard
of care

simpact of the
disease on carer’s
quality of life

eextent and nature
of current
treatment options

None

Not applicable
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Final scope
issued by NICE

Variation from
scope in the
submission

Rationale for
variation from
scope

Clinical
Effectiveness

soverall magnitude
of health benefits
to patients and,
when relevant,
carers

*heterogeneity of
health benefits
within the
population

*robustness of
current evidence
and the
contribution the
guidance might
make to strength it

«treatment
continuation rules
(if relevant)

None

Not applicable

Value for Money

«cost effectiveness
using incremental
cost per quality-
adjusted life year
spatient access
schemes and
other commercial
agreements

«the nature and
extent of the
resources needed
to enable the new
technology to be
used

None

Not applicable
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technology
beyond direct
health benefits,

significant benefits
other than health

whether a
substantial
proportion of the
costs (savings) or
benefits are
incurred outside of
the NHS and
personal and
social services

the potential for
long-term benefits
to the NHS of
research and
innovation

*the impact of the
technology on the
overall delivery of
the specialised
service

sstaffing and
infrastructure
requirements,
including training
and planning for
expertise

Final scope Variation from Rationale for
issued by NICE scope in the variation from
submission scope
Impact of the *whether there are | None Not applicable

Abbreviations: HLA-human leukocyte antigen; HSCT=haematopoietic stem cell transplantation;
IVIG=intravenous immunoglobulin; MUD=matched unrelated donor; NA=not applicable; NHS=National
Health Service; PSS= Prescribed Specialised Services; SCID-ADA=severe combined immunodeficiency
due to adenosine deaminase deficiency (also referred to as ADA-SCID).
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2 Description of technology under assessment

2.1 Give the brand name, approved name and when appropriate,

therapeutic class.

Brand name: STRIMVELIS®

Approved name:  STRIMVELIS® (autologous CD34+ cells transduced to
express ADA)

Therapeutic class: |Immunostimulants, other immunostimulants.

2.2 What is the principal mechanism of action of the technology?

Strimvelis® is a one-time gene therapy treatment in which autologous bone
marrow-derived cells are transduced to express ADA. After infusion, CD34+ cells
engraft in the bone marrow, where they repopulate the haematopoietic system
with a proportion of cells that express pharmacologically active levels of the ADA
enzyme.

The mechanism of action was established through assessment of several
endpoints. The stable presence of gene-modified cells was demonstrated
through measurement of vector copy number for the transduced gene in bone
marrow and peripheral blood cell lineages. For cell lineages that are affected by
the disease, such as CD3+ T cells, the level of gene marking was approximately
70% or higher from Year 1 and onwards of follow-up. This observation confirms
the hypothesis of a survival advantage for the cells predicted from early clinical
observations.

ADA gene activity was demonstrated in bone marrow and peripheral blood
lymphocytes. Within 1 year of treatment, lymphocyte ADA activity showed
increased levels relative to baseline that were maintained for the duration of
follow-up to Year 8. The suppressive effect of ADA expression on toxic
adenosine metabolite concentration levels was established by measurement of
deoxyadenosine nucleotides (dAXP) in red blood cells (RBCs) from bone marrow
and peripheral blood.

Following successful engraftment in the patient, the effects of single-dose
treatment with Strimvelis are expected to be lifelong.
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2.3

Please complete the table below.

Table A2 Dosing Information of technology being evaluated

Pharmaceutical formulation

Dispersion for infusion

Method of administration

Intravenous infusion, the period of
administration is approximately 20
minutes

Doses

One or more EVA bags which contain
an autologous CD34+ enriched cell
fraction (CD34+ cells transduced with
retroviral vector that encodes for the
human ADA cDNA sequence).
Concentration of 2 and 20 million
CD34+ cells/kg

Dosing frequency

Once per lifetime

Average length of a course of
treatment

One-time treatment, which includes
an average hospital stay of 50 days
(may be longer if complications occur)
and an average 60-day (60-90 day)
outpatient follow-up in Italy

Anticipated average interval between
courses of treatments

Not applicable

Anticipated number of repeat courses
of treatments

Not applicable

Dose adjustments

None

Abbreviations: EV A=ethyl vinyl acetate.

Strimvelis must be administered in a specialist transplant centre, by a physician
with previous experience in treatment and management of patients with ADA-
SCID and in the use of autologous CD34+ ex vivo gene therapy products.

The patient must be able to donate adequate CD34+ cells to deliver a minimum
of 4 million purified CD34+ cells/kg required for the manufacture of Strimvelis.

A CD34+ stem cell back-up containing at least 1 million CD34+ cells per kg is
required. This should be harvested from the patient at least 3 weeks prior to

treatment with Strimvelis. The stem cell back-up is collected for use as rescue
treatment should there be a failure during product manufacture, transplant failure,
or prolonged bone marrow aplasia after treatment with Strimvelis.
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3 Regulatory information

3.1 Does the technology have a UK marketing authorisation for the
indication detailed in the submission? If so, give the date on which
authorisation was received. If not, state the currently regulatory
status, with relevant dates (for example, date of application and/or

expected approval dates).

The EU marketing authorisation application for Strimvelis was approved on

26 May 2016. Strimvelis is the first approved ex-vivo gene therapy for paediatric
patients in the EU. No other ex-vivo gene therapy has been approved for
paediatric patients anywhere in the world.

3.2 If the technology has not been launched, please supply the

anticipated date of availability in the UK.

Strimvelis is currently only available at Hospital San Raffaele Telethon Institute
for Gene Therapy, Italy (HSR-TIGET) in Milan, Italy. MolMed is the only
approved manufacturing centre for Strimvelis. HSR-TIGET is co-located with
MolMed, and transfer of biological materials between the sites is well validated.
Strimvelis is available to UK patients at HSR-TIGET in Milan.

In the future, a cryopreserved formulation may become available, enabling
treatment closer to the patients’ home such as specialist UK hospitals. At this
point there is no anticipated date of availability of the potential cryopreserved
formulation.

3.3 Does the technology have regulatory approval outside the UK? If so,

please provide details.

The EU approval of the marketing authorisation application for Strimvelis is valid
in 28 EU Member States, 27 outside of the UK, plus Norway, Iceland, and
Lichtenstein. No application for regulatory approval other than the original
marketing authorisation application has been filed to date.

3.4 If the technology has been launched in the UK provide information on

the use in England.

The technology is available to UK patients at HSR-TIGET in Milan, Italy. To date,
no UK patients have been treated.
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4 Ongoing studies

4.1 Provide details of all completed and ongoing studies on the
technology from which additional evidence relevant to the decision

problem is likely to be available in the next 12 months.

The use of Strimvelis in patients with ADA-SCID is supported by a primary data
package comprising 18 patients: 15 patients treated in clinical studies, including
a pivotal study (n=12) and 3 patients treated via early pilot studies, conducted
over a treatment and maximum follow-up period of approximately 13 years, and
3 patients who received Strimvelis gene therapy under compassionate use.

These studies were as follows: 1 single arm, open-label, historically controlled
pivotal trial (AD1115611; n=12) with a long-term follow-up (LTFU), 2 early open-
label uncontrolled pilot studies (AD1117054/AD1117056; n=3), and a
compassionate use programme (CUP) (AD1117064; n=3). Though the LTFU was
a component of the pivotal study protocol, it was amended to permit enrolment of
patients from the pilot studies and the CUP to participate in long-term
assessments beyond the initial follow-up period of each study. In total,

18 patients across all studies and the CUP were treated with Strimvelis at the
time of the data cut-off for the marketing authorisation application, and these 18
patients were included in the Integrated Population. Data for the first 10 patients
enrolled in these studies with clinical follow-up ranging from 1.8 to 8 years have
been published [Aiuti, 2002a; Aiuti, 2009b; Selleri, 2011], and a manuscript that
expands on those data with long-term (2.3 to 13.4 years, median 6.9 years)
safety and efficacy results in those and 8 additional patients has recently been
published [Cicalese, 2016] (see Section 9.3).

Table A 3 provides a summary of the studies providing evidence to support the
decision problem.

Table A3 Summary of studies contributing evidence of efficacy and
safety to support the decision problem
Study ID AD11156112 | AD1117056 AD1117054 AD1117064 AD1115611
Pivotal Pilot 2 Pilot 1 CuP LTFU
Level of Pivotal Supportive Supportive Supportive Pivotal®
Evidence
Number of 12 2 1c 3 17
Patients
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Study ID AD11156112 AD1117056 AD1117054 AD1117064 AD1115611
Pivotal Pilot 2 Pilot 1 CupP LTFU
Site HSR-TIGET HSR-TIGET . HSR-TIGET HSR-TIGET
(Location) (Milan, Italy) (Milan, Italy) (Milan, Italy) (Milan, ltaly) and
Hadassah
University
Hospital
(Jerusalem,
Israel)
Critical Phase 1/2, Phase 1/2, open- | Phase 1, open- | Compassionate use | LTFU of pivotal
Design open-label, label labeld programme (CUP) | studye
Features non-
randomised,
historical
control,
single arm
Primary 3-year survival | Not definedf Not definedf NA Survival
Endpoint
Study Paediatric patients with ADA-SCID lacking an HLA-identical sibling who had received 26 months
Population PEG-ADA with demonstrated failure to PEG-ADA therapy (except in cases where PEG-ADA
therapy was contraindicated or unavailable)
Treatment Non-myeloablative pre-conditioning with busulfan followed by gene therapy with Strimvelis, defined
Regimen as transfusion of autologous CD34+ enriched cell fraction that contains CD34+ cells transduced
with a retroviral vector that encodes for the human ADA cDNA sequence
Study Complete Complete Complete Complete Ongoing
Statuse
Report data | 06 Jul 2011 24 Feb 2005 25Nov 2013¢ | 08 May 2014 08 May 2014
cut-off
Source AD1115611 AD1117056 AD1117054 AD1117064 CSR AD1115611
CSR abbreviated CSR [ CSR LTFU interim
CSR
Module mb5.3.5.1 mb5.3.5.2 mb.3.5.4 mb.3.5.4 mb5.3.5.2
Location

Abbreviations: ADA-SCID = adenosine deaminase severe combined immunodeficiency; cDNA =
complementary deoxyribonucleic acid; CSR = clinical study report; CUP = compassionate use
programme; HLA = human leukocyte antigen; HSR= Ospedale San Raffaele; LTFU = long-term follow-
up; NA = not applicable; PEG-ADA = polyethylene glycol modified bovine adenosine deaminase; wks =

weeks.

a. Pivotal study (AD1115611) initiated with HSR-TIGET and transferred to GSK upon 2010 in-licensing.

b. LTFU data from Patients . (originally enrolled in the pivotal study, AD1115611) are considered as pivotal
evidence of efficacy in this application. LTFU data from other patients are considered supportive.

c. Data for [} from Years 0 to ] were not integrated, except for the date of gene therapy used to determine
duration of follow-up and survival. Data for [J|] from Years 0 to 12 are not included in the integrated safety data,
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Study ID AD11156112 AD1117056 AD1117054 AD1117064 AD1115611

Pivotal Pilot 2 Pilot 1 Cup LTFU

with the exception of the date of gene therapy which was used to determine duration of follow-up. Safety data
collected as part of Study AD1115611 LTFU (Year [ onward) are included in the integrated safety data.
d.  No study protocol is available but study design ._are summarized in 2 primary publications . [Aiuti, 2002a;
Aiuti, 2009b; GSK data on file].
e. Patients in the pilot studies and CUP who completed 3 years of follow-up were eligible to enrol in the LTFU.
f.  Efficacy endpoints were not prospectively defined in the pilot studies.
g. Study status reflects completion of the interim clinical study report that supported the marketing application.

Final clinical study reports (CSRs) are available for AD1115611 (0 to 3 years),
both pilot studies (AD1117054/AD1117056), and the CUP (AD1117064); an
interim CSR is available for the AD1115611 LTFU study. A final CSR for the
LTFU study will be available in 2019, as a post-authorisation measure following
the transition of patients to the registry programme. The AD1115611 LTFU final
CSR has been included as an additional pharmacovigilance activity (Category 3)
in the updated EU risk management plan.

An investigator-initiated named patient programme (NPP 200893) that enrolled
patients to allow compassionate use of Strimvelis is not included in the evidence
to support the decision problem. Data collection from the NPP is currently in
progress. Patients will continue to be followed in the NPP for 3 years before
transitioning into the patient registry. As GSK is not the sponsor of this
programme, available data are extremely limited. GSK does not have ongoing
access to data with the exception of biannual data cuts to support safety
reporting for the periodic benefit risk evaluation reports sent to the EMA as
mandated by the license. For full transparency, available information on the NPP
that has been reported to GSK is provided in Appendix 6.

The long-term efficacy, tolerability, and safety outcomes will continue to be
monitored and assessed via the ongoing Strimvelis Patient Registry Study, a
non-interventional, prospective Post-Authorisation Safety Study (PASS) of
patients with ADA-SCID treated with Strimvelis. The primary objective of this
study is to characterise the long-term safety and effectiveness of Strimvelis over
a 15-year post treatment period in up to 50 patients treated. This registry as well
as existing registries from established communities (e.g. European Society for
Blood and Marrow Transplant [EBMT] and European Society for
Immunodeficiencies [ESID]) will provide more information to strengthen the
evidence available for this disease and associated treatments. GSK is actively
exploring opportunities to collaborate with the community to strengthen the
evidence of treatments for ADA-SCID.
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4.2 If the technology is, or is planned to be, subject to any other form of
assessment in the UK, please give details of the assessment,

organisation and expected timescale.

No other UK assessments are planned or ongoing.
5 Equality

5.1 Please let us know if you think that this evaluation:

e could exclude from full consideration any people protected by the equality
legislation who fall within the patient population for which [the treatment(s)]

is/are/will be licensed;

e could lead to recommendations that have a different impact on people
protected by the equality legislation than on the wider population, e.g. by
making it more difficult in practice for a specific group to access the

technology;

e could lead to recommendations that have any adverse impact on people with

a particular disability or disabilities

One of the main comparators under consideration in this evaluation is
haematopoietic stem cell transplantation (HSCT) from a human leukocyte
antigen (HLA)-matched unrelated donor (MUD). Donor availability can differ
based on ethnicity, with non-Whites having a more difficult time finding a suitable
donor and a longer wait for an available donor [Majhail, 2012; Lown, 2013;
Pidala, 2013]. This issue is significant because a large portion of patients with
ADA-SCID in the UK are of Black African (mainly Somalian) ethnicity [Adams,
2015], and ADA-SCID is more common in people of Somali heritage [Sanchez,
2007]. Other ethnic minorities included in the ADA-SCID population in the UK
include Pakistani, Bangladeshi, and Turkish patients [Adams, 2015]. A long wait
for an available donor could mean leaving patients at risk for complications, such
as infections, and result in potentially higher interim treatment costs.

Clinical data for Strimvelis are available for 18 treated patients. No specific
analyses by subpopulation by race of patients treated with Strimvelis have been
performed as there are too few patients to be able to draw meaningful
conclusions. The current clinical data includes patients of Caucasian (n=10),
Arabic (n=5), African American (n=2), and Asian (n=1) origins.
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5.2 How will the submission address these issues and any equality

issues raised in the scope?

GSK recommends that NICE take into consideration the availability of donors by
ethnicity while evaluating the comparison of Strimvelis to HSCT from a MUD.
Equality issues can be addressed by following the EBMT/ESID guidelines that
recommend patients with no matched related donor should be considered for
gene therapy, such a Strimvelis, as first-line therapy. This avoids the wait to find
a MUD, which can be longer in patients from ethnic minorities.
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Section B — Nature of the condition

6 Disease morbidity

Summary

e |If immune function is not restored, patients with ADA-SCID rarely survive
beyond 1 to 2 years.

e Approximately 75-80% of patients with ADA-SCID do not have a suitable
HLA-Matched Related Donor and mortality after HSCT from a MUD or
haploidentical donor is reported to be significant (33% and 29-59%,
respectively).

e Current treatment options are suboptimal. For those patients with ADA-
SCID for whom no suitable HLA-MRD is available, there is a high unmet
need for new treatment options that provide long-term corrective therapy
with substantially improved survival and without additional complications
associated with GvHD.

6.1 Provide a brief overview of the disease or condition for which the
technology is being considered in the scope issued by NICE. Include
details of the underlying course of the disease, the disease morbidity
and mortality, and the specific patients’ need the technology

addresses.

Severe combined immunodeficiency (SCID) due to ADA deficiency is a fatal
autosomal recessive monogenic inherited immune disorder. The majority of
patients with ADA-SCID are diagnosed in the first year of life (early onset) and
rarely survive beyond 1 to 2 years unless immune function is restored
[Hershfield, 2017]. ADA-SCID is different from other forms of SCID in that ADA-
SCID is a systemic metabolic disorder; it is perceived in the clinical community to
be more difficult to treat than other forms of SCID [Hassan, 2012]. The main
features of ADA-SCID are profound lymphopenia, impaired differentiation and
function of T cells, B cells, and natural killer (NK) cells; recurrent infections; and
failure to thrive. Non-immunological abnormalities may also occur as a
consequence of the systemic metabolic defect and include hepatic, lung, and
renal disease, lymphoma, often associated with cells bearing Epstein-Barr virus
(EBV) genomes, skeletal alterations, and neurological deficits affecting motor
function and hearing, and cognitive/behavioural deficits, indicating that ADA-
SCID is more complex than other forms of SCID. Patients experience
developmental delay, chronic diarrhoea, failure to thrive, and recurrent infections
due to fungal, viral, and opportunistic agents [Hirschhorn, 2014]. Frequent
infections lead to hospitalisations and the need for isolation, which affects
patients’ quality of life both emotionally and socially as discussed in Section 7.
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Current treatment options remain sub-optimal. One treatment option for ADA-
SCID is haematopoietic stem cell transplant (HSCT). Survival for patients with a
matched sibling donor (MSD) or matched family donor (MFD) in an analysis of
survival in patients with ADA-SCID treated between 1981 and 2009 was 86%
and 83%, respectively [Hassan, 2012]. Unfortunately, only 20-25% of infants
have a suitable HLA-matched related donor (MRD, either an MSD or MFD)
available [Ferrua, 2010; Hirschorn, 2014]. Outcomes are less favourable for the
majority of patients for whom MRDs are not available. Survival in the same
analysis was 67% after HSCT from a MUD (procedures performed since 1995)
and 43% overall after HSCT from a haploidentical donor. Survival has improved
over time (71% for procedures from a haploidentical donor performed from 2000-
2009) but remains suboptimal [Hassan, 2012]. In the UK, HSCT from a MUD is
preferred over HSCT from a haploidentical donor when an MRD is not available.
According to external expert clinical advice, HSCT from a haploidentical donor
has not been performed in England in a patient with ADA-SCID in the past

15 years. Accounting for 15% of deaths in patients with ADA-SCID treated with
HSCT, graft versus host disease (GvHD) is a dangerous complication of HSCT
that can lead to significant morbidity and mortality in some treated patients
[Hassan, 2012]. Acute GvHD may cause rash, nausea, vomiting, anorexia,
profuse diarrhoea, ileus, and cholestatic hepatitis. Chronic GvHD could be limited
to a single organ or could be more widespread. Chronic GvHD can lead to
debilitating consequences, such as loss of sight, joint contractures, end-stage
lung disease, or death [Filipovich, 2005]. A remaining unmet need is treatment
for CNS abnormalities, which are frequent manifestations of ADA-SCID in long-
term survivors of bone marrow transplant (BMT) [Rogers, 2001; Booth, 2007].

Another treatment option for ADA-SCID is supportive enzyme replacement
therapy (ERT), specifically PEG-ADA. There are several drawbacks to this
product, which is not licensed in the UK. PEG-ADA requires frequent injections
(weekly or bi-weekly) and regular monitoring of deoxyadenosine triphosphate
(dATP) metabolite levels and antibody formation against PEG-ADA. A
retrospective study of the long-term effects of PEG-ADA treatment for 5 to

12 years found that, despite initial improvements, lymphocyte counts were below
the lower limit of normal for all patients and progressively worsened over time.
There was also a gradual reduction in thymic function and a decline in mitogenic
proliferative responses over time, demonstrating reduced T cell function. It is
thought that metabolic reconstitution in the thymus is incomplete, and this leads
to the gradual loss of immune function [Chan, 2005]. PEG-ADA is an expensive
treatment that is not used as a long-term treatment option in England according
to expert clinical advice.

For those patients with ADA-SCID for whom no suitable HLA-MRD is available,
there is a high unmet need for new treatment options that provide long-term
corrective therapy with an improved probability of survival and without additional
complications associated with GvHD.
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Strimvelis is a one-time treatment, intended to provide lifelong benefit for this
population with a high unmet need. It provides a step change in the management
of ADA-SCID because it corrects the underlying cause of the disease using the
patient’s own cells circumventing the need for a stem cell donor search and the
risk of immune rejection (Graft versus Host Disease [GvHD]).This is recognised
by EBMT/ESID guidelines, which have recently been updated to recommend
gene therapy, using a product such as Strimvelis, as the treatment of choice for
patients with ADA-SCID without an MRD (described as MSD/MFD in the
guidelines) [EBMT/ESID Guidelines, 2017].

6.2 Please provide the number of patients in England who will be
covered by this particular therapeutic indication in the marketing

authorisation each year, and provide the source of data.

The incidence of ADA-SCID in the UK has not been specifically studied, but this
information can be extrapolated from available data. According to the 2012
Screening for Severe Combined Immunodeficiency: External Review Against
Programme Appraisal Criteria for the UK National Screening Committee,

20 children per year presented with SCID to the 2 UK centres for care (Great
Ormond Street Hospital and Newcastle Great North Children’s Hospital), which
suggests an incidence for SCID of approximately 2.86 infants per 100,000 [UK
National Screening Committee, 2012]. Using an estimate quoted in that report
that ADA-SCID accounts for 14.8% of all patients with SCID yields an incidence
of ADA-SCID in the UK of approximately 3 patients per year. In another study,
the percent of patients with SCID in the UK with ADA-SCID has been reported to
be as high as 20% [Adams, 2015], which would yield an incidence of 4 patients
per year in the UK. The number of patients diagnosed with the condition per year
in England would be a portion of the patients diagnosed per year in the UK. The
exact proportion is unknown, but 3 or fewer patients per year in England would
be expected. Approximately 20% of patients with ADA-SCID have an MRD
available, so approximately 3 patients per year in the UK and no more than

2 patients per year in England would be eligible for Strimvelis. Uptake of
Strimvelis is not expected to be 100% given the travel requirements and need to
live in Milan for 4.5 months.

6.3 Please provide information about the life expectancy of people with

the disease in England and provide the source of data.

If immune function is not restored, children rarely survive beyond 2 years
[Hershfield, 2017]. There are no data available on life expectancy after HSCT
except for survival data after the procedure itself, which are provided in Section
9.8.
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7 Impact of the disease on quality of life

71 Describe the impact of the condition on the quality of life of patients,
their families and carers. This should include any information on the
impact of the condition on physical health, emotional wellbeing and
everyday life (including ability to work, schooling, relationships and

social functioning).

Quality of life is impacted by developmental delay, chronic diarrhoea, failure to
thrive, and recurrent infections due to fungal, viral, and opportunistic agents
[Hirschhorn, 2014]. Patients with ADA-SCID may also develop neurological
abnormalities, including behavioural impairment [Rogers, 2001; Hirschhorn,
2014] and sensorineural deafness [Tanaka, 1996; Albuquerque, 2004;
Hirschhorn, 2014]. ] can have a profound impact on both patient and carer
quality of life [ [Data on file].

A study of patients with SCID who survived HSCT (median 11 years post-
transplant) evaluated patients using the Paediatric Quality of Life Inventory
(PedsQL), which has 6 domains (physical, emotional, social, school,
psychosocial, and total). This study found that patients with ADA-SCID had a
significantly lower quality of life than the UK normal on all components except
emotional. A diagnosis of ADA-SCID was a risk factor for poorer quality of life
than patients with other types of SCID [Hamid, 2016]. This could be because
ADA is expressed systemically and children with ADA-SCID may also have non-
immunological manifestations of their disease, including cognitive, behavioural,
and neurological defects and a decreased intelligence quotient (IQ) [Titman,
2008].

In an effort to better understand the family impact of ADA-SCID, GSK conducted
research through telephone interviews of carers of patients with ADA-SCID.
Carers were identified through patient associations and direct referral from
healthcare providers. To be included in the study, the carer’s child must have had
a diagnosis of ADA-SCID with onset within the first year of life and must not have
been involved in GSK gene therapy studies (including siblings). Patients were
treated with ERT, HSCT, and gene therapy other than Strimvelis. Objectives of
the study included exploring the emotional, physical, and social impact of the
disease on patients’ and carers’ lives and evaluating patient and carer needs and
preferences for current and future treatment of ADA-SCID. Carers’ answers to
questions included information at the time of diagnosis and time to treatment and
also lasting effects on quality of life. . Frequently reported concerns that had an
impact on quality of life included [ Some carers reported that | Carers
reported that their children with ADA-SCID ] All carers reported feeling ]
Carers reported that having a child with ADA-SCID had an impact on ] [Data on
file].
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Without treatment, patients with ADA-SCID would die before school age.
Successful treatment is needed for patients to be able to attend school or work.
Health-related quality of life (HRQL) would be expected to decline as overall
health declines and infections become more frequent and severe.

In addition, quality of life for family members would be expected to decline as
well with increasing need for hospitalisations, more intensive caregiving
requirements, and resulting emotional toll. Choosing treatment with HSCT can
lead to stress and anxiety for carers during the wait for a match and the wait to
see if their child survives the procedure. Carer quality of life could decrease from
potential feelings of guilt and depression if the child dies from a treatment-related
complication.

7.2 Describe the impact that the technology will have on patients, their
families and carers. This should include both short-term and long-
term effects and any wider societal benefits (including productivity
and contribution to society). Please also include any available
information on a potential disproportionate impact on the quality or
quantity of life of particular group(s) of patients, and their families or

carers.

Strimvelis is expected to have a profound impact on patients, their families, and
carers because Strimvelis is a step-change in the management of patients with
ADA-SCID with no MRD due to its major impact on survival and lack of GvHD.
This is reflected in EBMT/ESID guidelines that now recommend gene therapy,
using a product such as Strimvelis, as the first -line therapy for patients without
an MRD [EBMT/ESID Guidelines, 2017]. With the availability of Strimvelis,
patients will no longer face a long wait to treatment while searching for a MUD or
have to make a choice to undergo suboptimal treatment that still carries a
significant mortality risk.

Based on the experience with the technology throughout follow-up of up to

13 years, overall quality of life for patients is expected to improve following the
one-time treatment. Children are anticipated to show growth and weight gain,
progressing within the anticipated range (per appropriate height and weight
charts), and enter and maintain regular school attendance. These qualitative
outcomes are consistent with the totality of evidence of long-term clinical benefit.
The effects of Strimvelis into adulthood have not been studied as all patients
treated with Strimvelis are still minors, but it is expected that children who are
able to attend school will become adults who are able to work and contribute to
society.

Recurrent infections, social isolation, hospital visits, antibiotic therapy, and time
away from work to care for the patient with ADA-SCID have a significant impact
on the daily lives of the family and carers. The improvement anticipated following
Strimvelis therapy will greatly reduce this burden on the carers.
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8 Extent and nature of current treatment options

Summary

e Based on external expert clinical advice, HSCT from a MUD is the current
standard of care in England for patients with ADA-SCID who do not have
an MRD. PEG-ADA is used as a supportive treatment only. HSCT from a
haploidentical has not been performed in a patient with ADA-SCID in
England in the last 15 years.

8.1 Give details of any relevant NICE, NHS England or other national
guidance or expert guidelines for the condition for which the
technology is being used. Specify whether the guidance identifies

any subgroups and make any recommendations for their treatment.

There are currently no NICE guidelines or NHS England commissioning policy
documents for ADA-SCID. However, with the availability of gene therapy, the
EBMT has recently updated the guidelines for the treatment of patients with
ADA-SCID in March 2017. The guidelines recommend gene therapy, using a
product such as Strimvelis, as the first-line treatment for patients with ADA-SCID
who do not have an MRD available before considering other types of HSCT,
including from a MUD or haploidentical donor [EBMT/ESID Guidelines, 2017].
This is a paradigm shift in the management of ADA-SCID and, according to
external clinical advice, expected to be followed in England.

8.2 Describe the clinical pathway of care that includes the proposed use

of the technology.

Diagnosis in England usually occurs at centres known to have specialists for
SCID, such as the Great Ormond Street Hospital in London and Great North
Children’s Hospital in Newcastle. The majority of patients with ADA-SCID are
diagnosed in the first year of life (early onset) [Hershfield, 2017]. Approximately
10% to 15% of ADA-SCID cases have a delayed onset (6 to 24 months), and a
smaller percentage are diagnosed after age 4 years (late/adult onset) [OMIM,
2013].

The immediate priorities are to provide a protective environment to reduce
infection risk, conduct appropriate tests and assessments, and provide
supportive care.

Patients are screened for a suitable MRD. Currently, patients with ADA-SCID
without an MRD are screened for HSCT from a MUD. The search for a donor can
be lengthy (19 weeks on average) [Gaspar, 2013]. Patients receive expensive,
unlicensed supportive PEG-ADA while awaiting a match. Survival in an analysis
of patients with ADA-SCID was 67% for HSCT from a MUD [Hassan, 2012].
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HSCT from a haploidentical donor and long-term PEG-ADA are other treatment
options, but they are currently not used in England based on external expert
clinical advice. HSCT from a haploidentical donor using new techniques explored
in other diseases is not considered for patients with ADA-SCID in England based
on external expert clinical advice.

8.3 Describe any issues relating to current clinical practice, including any

uncertainty about best practice.

Patients with ADA-SCID can be effectively treated with HSCT from allogeneic
donors, but the best outcomes for this intervention are only achieved when an
HLA-MRD is available, which makes it a viable option for 20-25% of patients with
ADA-SCID [Hirschorn, 2014]. Stem cells from HLA-MRDs are usually given
without chemotherapeutic conditioning to reduce the risk of chemotherapy-
associated toxicity.

For the maijority of patients, MRDs are not available. Therefore, alternative
sources of stem cells are frequently used for transplantation, which may require
chemotherapeutic preconditioning and are associated with increased morbidity
and mortality primarily related to inadequate immune reconstitution and graft
versus host disease (GvHD). Significantly decreased survival (compared with
MRD) has been observed with less well-matched donor sources of stem cells,
such as MUD or haploidentical donors.

For transplant from a MUD, donor availability can differ based on ethnicity, with
non-Whites having a more difficult time finding a suitable donor and a longer wait
for an available donor [Majhail, 2012; Lown, 2013; Pidala, 2013].

A non-transplant treatment option, for patients who are not suitable or do not
have an HLA-matched donor for HSCT is ERT in the form of PEG-ADA. PEG-
ADA is a non-curative therapy given in frequent injections that externally corrects
the metabolic defect, and is used as a stabilising treatment; it is approved in the
United States (US) and has been in use for nearly 20 years in over 150 patients
in numerous countries with orphan drug designation [Booth, 2007; Gaspar,
2010]. This therapy is not currently approved in the EU, but it is made available
via expanded access and compassionate use programs. Short-term treatment
with PEG-ADA is often used to stabilise patients awaiting HSCT or gene therapy
[EBMT/ESID Guidelines, 2017]. Long-term efficacy of PEG-ADA treatment is
limited for some patients due to incomplete immune reconstitution and the
development of antibodies. About 50-60% of the children with ADA-SCID treated
with PEG-ADA develop anti-ADA antibodies. In approximately 10% of treated
children (i.e., in approximately 20% of the children that develop antibodies), anti-
ADA antibodies lead to neutralisation of ADA activity, which requires an increase
in dosage, administration of corticosteroids, or cessation of therapy [Lainka,
2005; Chaffee, 1992; Chun, 1993].

ERT requires frequent monitoring of plasma levels and its long-term efficacy is
limited for some patients. PEG-ADA, the only currently available ERT, is a
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significant long-term cost commitment and has limited availability in some
countries [Chan, 2005] (including the UK), while decreasing lymphocyte counts
and functionality (possibly because of the development of anti-ADA neutralising
antibodies [Gaspar, 2009]) over time leave patients susceptible to infection,
autoimmunity, and malignancy [Chan, 2005; Baffelli, 2015]. As a result, long-term
ERT is not seen as a preferred treatment option in England.

The Inborn Errors Working Party (IEWP) of EBMT is responsible for creating
guidelines on the treatment of ADA-SCID. The updated EBMT/ESID guidelines
(March 2017) for the treatment of ADA-SCID reflect the scientific advances that
have been achieved for patients with ADA-SCID who have no suitable MRD
available. The IEWP critically appraised the scientific evidence of all treatments
for ADA-SCID, and their conclusions are reflected in the updated guidelines that
position gene therapy, using a product such as Strimvelis, as the treatment of
choice for patients with ADA-SCID without an MRD.

8.4 Describe the new pathway of care incorporating the new technology

that would exist following national commissioning by NHS England.

Strimvelis represents a step-change in the clinical pathway of care for patients
with ADA-SCID without an MRD. Overall survival in the Integrated Population for
Strimvelis was 100%. EBMT/ESID guidelines recommend gene therapy, using a
product such as Strimvelis, as first-line therapy for patients with ADA-SCID who
do not have an MRD [EBMT/ESID Guidelines, 2017].

Patients will be diagnosed and initially assessed by doctors at specialist centres
in England. If an HLA-matched related bone marrow donor is not available, the
doctor may discuss the option of Strimvelis gene therapy with the patient and
carers. Screening for eligibility will be conducted by doctors at specialist centres
in England.

Strimvelis will be manufactured and administered at a single centre (HSR-TIGET,
Italy). HSR-TIGET will liaise with the clinical team and determine that Strimvelis
is appropriate for the particular patient (patient has ADA-SCID without a suitable
MRD and is able to donate adequate CD34+ cells). In preparation for the single
treatment, patients will be seen at HSR-TIGET slightly longer than 1 month
(range: 31 to 45 days) before Strimvelis treatment to obtain a bone marrow back-
up sample and undergo other relevant procedures, including insertion of a CVC.
At least 1 family member will remain in Italy with the patient. For the period of
treatment with Strimvelis, patients will be hospitalized at HSR-TIGET for
approximately 50 days. This time includes bone marrow extraction for product
manufacture, infusion of Strimvelis, and inpatient clinical monitoring after therapy.
The actual length of hospitalisation may vary according to the patient’s clinical
condition. Patients will then be seen as an outpatient for a minimum period of 2
months and an estimated maximum of 3 months, depending on the clinical
course, to monitor progress. The UK Stem Cell Strategy Oversight Committee
guidelines on Unrelated Donor Stem Cell Transplantation in the UK states that
recovery from HSCT typically takes 4-8 weeks as an inpatient [NHS, 2014],
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which is comparable to Strimvelis. It should be noted that complications
associated with HSCT (e.g. rejection and acute and chronic GvHD) can
significantly prolong the inpatient period for this treatment option. Strimvelis is
made from the patient’s own cells; therefore, there is no risk of GvHD.

After the outpatient period in Italy, the patient would return to the UK and receive
follow-up outpatient care by the patient’s referring physician with specific
guidance and recommendations, including recommendations for specialist blood
tests, from the treating physicians at HSR-TIGET. Consenting families will be
included in an observational registry to help determine long-term effectiveness
and safety.

GlaxoSmithKline has had several discussions with NHS England that confirmed
they would put an active commissioning policy in place were Strimvelis to be
approved by NICE. This would involve contracting directly with the San Raffaele
Hospital in Milan for the costs incurred whilst the patient is in Italy.

Table B1 Clinical pathway showing time in Italy

Stage Average Duration (Range)
Screening Performed in England (24 days), 0
days in Italy

Baseline Patient Preparation (CVC 31 days (31-45 days), including a
placement, obtain bone marrow back- | 3-day inpatient stay

up)

Treatment 50 days in isolation room (may be
longer if complications occur)

Outpatient Follow-up in Milan 60 days (60-90 days)

Outpatient Follow-up in England 4 months (3-4 months)

and then continued for lifetime as per
routine care for all patients with ADA-
SCID

Abbreviations: CVC=central venous catheter, UK=United Kingdom

8.5 Discuss whether and how you consider the technology to be
innovative in its potential to make a significant and substantial impact
on health-related benefits, and whether and how the technology is a
‘step-change’ in the management of the condition.

Strimvelis is an innovative treatment and represents a step-change for this fatal
disease because:

Specification for company submission of evidence 39 of 252



e |tis the first approved gene therapy for ADA-SCID.

e |tis the first approved ex-vivo gene therapy for paediatric patients in the
EU. No other ex-vivo gene therapy has been approved for paediatric
patients anywhere in the world.

e ltis a life-saving treatment with a 100% survival rate and highly successful
engraftment rate.

e For the first time, patients with ADA-SCID without an MRD can have a
one-time treatment with significantly better overall survival than the current
standard of care (HSCT from a MUD).

e |tis a one-time, single-dose therapy with the potential for long term or
permanent benefit of immunological manifestations of ADA-SCID

e |tis an autologous therapy, so there is no risk of GvHD or rejection due to
HLA mismatching or minor antigen incompatibility [Aiuti, 2009a]

Strimvelis is a significant step-change as recognised by an update to the EBMT
guidelines. The IEWP has critically appraised the scientific advice for all
treatments for ADA-SCID, and their conclusions are reflected in the updated
guidelines that position gene therapy, such a Strimvelis, as the treatment of
choice for patients with ADA-SCID without an MRD.

8.6 Describe any changes to the way current services are organised or

delivered as a result of introducing the technology.

Strimvelis must be administered in a specialist transplant centre, by a physician
with previous experience in the treatment and management of patients with ADA-
SCID and in the use of autologous CD34+ ex vivo gene therapy products. At
present, treatment with Strimvelis can only be performed at HSR-TIGET, Milan,
Italy due to the 6-hour shelf life of the manufactured cell therapy product and the
location of the manufacturing site. In view of this, a specific cross-border
treatment pathway has been established. Once eligibility for treatment with
Strimvelis has been confirmed, the patient and their family will travel to Milan for
their treatment and immediate follow-up period, in coordination with the clinical
team and a care coordinator who will help facilitate any required cultural or
linguistic support.

Upon discharge from hospital, and depending on the clinical course of recovery,
the patient will be seen as an outpatient at the paediatric department to monitor
progress. In uncomplicated cases, the child and family could return to the UK
after a minimum of 2 months of outpatient monitoring. More complicated cases
could need an additional month of outpatient follow-up in Milan.

As a result of this cross-border treatment process, clinical care of an eligible child
will transition to the treating physicians at HSR-TIGET for a minimum of
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approximately 3.7 months. After treatment and repatriation, clinical care will
transition to the UK referring physician, who may discuss individual follow-up
assessments and plans (including specialist blood tests) with HSR-TIGET’s
clinical team. Follow-up after the initial period in Italy will occur within the
patient’s home country and observational data from this will be recorded in a
patient registry (for those choosing to participate) to monitor the effectiveness
and safety of Strimvelis.

8.7 Describe any additional tests or investigations needed for selecting
or monitoring patients, or particular administration requirements,
associated with using this technology that are over and above usual

clinical practice.

The tests and investigations needed for selecting patients for Strimvelis are
similar to those for HSCT except that there is no need to screen for a donor for
Strimvelis. Additionally, the patient must be able to donate adequate CD34+ cells
to deliver a minimum of 4 million purified CD34+ cells/kg, required for the
manufacture of Strimvelis. The recommended dose range of Strimvelis is
between 2 and 20 million CD34+ cells/kg and it is intended to be administered as
an intravenous infusion once only.

Monitoring will also be similar to HSCT. The only additional test required for
Strimvelis is the vector copy number. Retroviral insertion site and replication
competent retrovirus testing would only be performed in the event of a leukemic
adverse event; no patients in the Strimvelis clinical programme experienced such
an event.

GSK has set up a registry as a means to collate routine standard of care data to
better characterise the outcomes of patients after Strimvelis use.

Strimvelis must be administered in a specialist transplant centre, by a physician
with previous experience in the treatment and management of patients with ADA-
SCID and in the use of autologous CD34+ ex vivo gene therapy products.
Currently, due to the manufacturing timelines, Strimvelis can only be
administered at HSR-TIGET.

8.8 Describe any additional facilities, technologies or infrastructure that
need to be used alongside the technology under evaluation for the

claimed benefits to be realised.

From a patient management and hospital infrastructure perspective, Strimvelis is
very similar to bone marrow transplants. No significant additional facilities,
technologies, or infrastructure are required to support the use of Strimvelis
beyond those routinely available to currently well-equipped transplant units.

In its current form, Strimvelis can only be administered at a single treatment
centre in Milan meaning that there is no impact on UK clinical infrastructure. Prior
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to treatment, patients are required to donate, and have stored a ‘back up’ bone
marrow transplant that could be used in the event of a failed manufacturing run
or other complications; this is not routinely done for allogenic transplant or ERT
but extraction and storage of bone marrow cells is routine practice and requires
no new capabilities. This procedure will currently be conducted in Milan
approximately 3 weeks prior to Strimvelis administration. In the future, a
cryopreserved formulation may become available, enabling treatment closer to
the patient’s home such as in specialist UK hospitals but no specialist
infrastructure would be required to support administration. The tests
investigations, facilities, and technologies required to administer Strimvelis are
very similar to those normally used in bone marrow transplant units; however,
some specialist laboratory assessments do exist for gene therapy (for example,
vector copy number assessment in peripheral blood). This will be available from
specific laboratory providers and a list can be obtained from the marketing
authorisation holder by the referring physicians should they request this test be
performed. The cost of sample shipment will be supported by the treating
centres.

8.9 Describe any tests, investigations, interventions, facilities or
technologies that would no longer be needed with using this

technology.

Currently, Strimvelis can only be administered in Italy; however, UK hospitals
would still be expected to complete the necessary diagnosis and deliver
emergency care prior to referral. After referral, treatment is administered in Milan,
and children recover in Milan prior to discharge and coming home. This alleviates
the need for UK-based hospitals to conduct a protracted search for unrelated
bone marrow donors, collect and administer bone marrow transplantation, and
administer short-term care and hospitalisation for the patient during recovery.
There is no risk of GVHD with Strimvelis, so it is expected that the UK care
system will not be required to manage acute or chronic graft vs host disease in
patients with ADA-SCID treated with Strimvelis. UK patients with ADA-SCID are
usually treated with ERT while a bone marrow transplant donor is found
(approximately 19 weeks on average [Gaspar, 2013]). As Strimvelis is available
independently of the need for a donor, ERT use is likely to be reduced (to
approximately 9 weeks for Strimvelis, 10 weeks shorter than with HSCT).
Successful treatment with Strimvelis means that ERT is no longer required.
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Section C — Impact of the new technology

9 Published and unpublished clinical evidence

Summary

e Survival rate after Strimvelis in the Integrated Population was 100% and
intervention-free survival for patients with available data was 82%.

e The frequency of severe infections was significantly reduced after
treatment with Strimvelis.

e Overall the safety findings of Strimvelis are in line with those expected in
an ADA-SCID population which has undergone busulfan conditioning and
is undergoing immune reconstitution.

e Some patients develop acute or chronic GvHD after treatment with HSCT
from a MUD or haploidentical donor but not after treatment with Strimvelis.
GvHD can result in significant morbidity and mortality.

9.1 Identification of studies

Published studies

9.1.1 Describe the strategies used to retrieve relevant clinical data from the
published literature. Exact details of the search strategy used should

be provided in the appendix.

GSK conducted a systematic review of the published English language literature
for the past 16 years (01 Jan 2000 to 20 May 2016) to summarise outcomes
related to the treatment of ADA-SCID with HSCT from a MUD or haploidentical
donor, or gene therapy. The start year of 2000 for this search was chosen
because that was the year of the first investigations with Strimvelis. Embase,
hosted by Elsevier, was chosen as the search engine because it is the most
comprehensive search engine available. PubMed was not searched separately
because Embase includes the PubMed database. The search strategy used is
presented in the Appendix 1.

Unpublished studies

9.1.2 Describe the strategies used to retrieve relevant clinical data from

unpublished sources.

Publication database searches were supplemented with unpublished data of
completed and ongoing GSK studies of Strimvelis.

Specification for company submission of evidence 43 of 252



In addition to EMBASE searches for published literature relevant to the decision
problem, ClinicalTrials.gov, the Cochrane Central Register of Controlled Trials
(CENTRAL), the UK Clinical Trials Gateway, the EU Clinical Trials Register, and
the World Health Organisation International Clinical Trials Registry Platform were
searched from inception up to 20 May 2016. Search terms used were: adenosine
deaminase deficiency and ADA-SCID. Details of the search strategy used are
presented in the Appendix 1.

9.2 Study selection
Published studies

9.2.1 Complete table C1 to describe the inclusion and exclusion criteria
used to select studies from the published literature. Suggested
headings are listed in the table below. Other headings should be used

if necessary.

Table C 1 Selection criteria used for published studies

Inclusion criteria

Population Patients with ADA-SCID

Interventions HSCT from an HLA-matched unrelated donor or HLA
haploidentical donor, gene therapy

Outcomes Overall survival, intervention-free survival, rate of severe

infections, in-patient hospital stay, lymphocyte counts, AEs,
quality of life, and neurological/neurodevelopment events
(including deafness)

Study design No restriction
Language English

restrictions
Search dates 01Jan2000 to 20May2016

Exclusion criteria

Population Other than those described above
Interventions Other than those described above
Outcomes Does not report outcomes identified above
Study design No restriction

Language English

restrictions
Search dates 01Jan2000 to 20May2016

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; AEs=adverse events;
HLA=human leukocyte antigen; HSCT=hematopoietic stem cell transplant

Specification for company submission of evidence 44 of 252



9.2.2 Report the numbers of published studies included and excluded at

each stage in an appropriate format.

As ADA-SCID is an extremely rare disease, we included all sources of
information and thus included case-reports and case-series in our literature
search.

Screening Stage One:

In addition to the 554 results identified in our search, an additional 7 articles were
identified through review of references used in support of the marketing
authorisation application for a total of 561. All 561 abstracts were reviewed for
reporting of outcomes in patients with ADA-SCID treated with HSCT from a MUD
or haploidentical donor (as defined in the publication) or gene therapy. Citations
were designated as ‘Exclude’ or ‘Include’. This resulted in 79 potentially eligible
studies.

Screening Stage Two:

Seventy-nine full text articles identified as ‘Include’ in Screening Stage One were
reviewed. The articles were screened against the inclusion and exclusion criteria
listed above. Articles that provided outcomes for HSCT but that did not provide
results by donor type or results specifically for MUD or haploidentical donors
were excluded as were articles that provided outcomes for patients with SCID but
not patients with ADA-SCID specifically. Forty-four articles were included as
relevant to the primary objectives, while 35 were excluded.

The result of implementing the search and screening strategies is displayed in
Figure 1.

No comparative studies of Strimvelis versus other treatment options were
identified, so all information summarised from chosen publications is for indirect
comparison only. As clinical data on Strimvelis is critical for evaluation of the
decision problem, Sections 9.3 to 9.7 include information from the Strimvelis
clinical programme. Information on indirect comparisons of Strimvelis versus
relevant competitors is provided in Section 9.8.
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Figure 1 PRISMA Diagram Published Studies
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Unpublished studies

9.2.3 Complete table C2 to describe the inclusion and exclusion criteria
used to select studies from the unpublished literature. Suggested
headings are listed in the table below. Other headings should be used

if necessary.

Table C 2 Selection criteria used for unpublished studies

Inclusion criteria

Population Patients with ADA-SCID

Interventions HSCT from an HLA-matched unrelated donor or HLA
haploidentical donor, gene therapy

Outcomes Overall survival, intervention-free survival, rate of severe

infections, in-patient hospital stay, lymphocyte counts, AEs,
quality of life, and neurological/neurodevelopment events
(including deafness)

Study design No restriction
Language English

restrictions
Search dates 01Jan2000 to 20May2016

Exclusion criteria

Population Other than those described above
Interventions Other than those described above
Outcomes Does not report outcomes identified above
Study design No restriction

Language Not written in English

restrictions
Search dates 01Jan2000 to 20May2016

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; AEs=adverse events;
HLA=human leukocyte antigen; HSCT=hematopoietic stem cell transplant

9.24 Report the numbers of unpublished studies included and excluded at

each stage in an appropriate format.

Please see Section 17.1.4 for the number of unpublished studies identified in
each database. All identified unpublished studies were excluded because
outcomes data were not provided.

Since the NPP is an investigator-sponsored study and has not been completed,
and therefore a full dataset has not been generated, the NPP 200893 has been
excluded. In the interest of full disclosure, the limited available data from the NPP
200893 are presented in Appendix 6.
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Some level of information has been published for 5 clinical studies in the
Strimvelis clinical programme, but not all data have been published. Where
needed, information from the publications has been supplemented with
unpublished information from the clinical study reports. Details of the sources
used for each study are presented in Section 9.4.2.

9.3 Complete list of relevant studies

9.3.1 Provide details of all published and unpublished studies identified

using the selection criteria described in tables C1 and C2.

There are no studies that compare Strimvelis directly against the comparators
defined in the decision problem: HSCT from an HLA-MUD and HSCT from an
HLA haploidentical donor. In the submitted marketing authorisation application as
well as in the publications shown in Table C 3, indirect comparisons against
historical data are discussed for Strimvelis versus these comparator treatments.

The use of Strimvelis in patients with ADA-SCID is supported by a primary data
package comprising 18 patients: 15 patients treated in clinical studies, including
a pivotal study (n=12) and 3 patients treated via early pilot studies, conducted
over a treatment and maximum follow-up period of approximately 13 years, and
3 patients who received Strimvelis gene therapy under compassionate use.
These studies were as follows: 1 single arm, open-label, historically controlled
pivotal trial with a LTFU (AD1115611; n=12), 2 early open-label uncontrolled pilot
studies (AD1117054/AD1117056; n=3), and a compassionate use programme
(AD1117064; n=3). Though the LTFU was a component of the pivotal study
protocol, it was amended to permit enrolment of patients from the pilot studies
and the CUP to participate in long-term assessments beyond the initial follow-up
period of each study. In total, 18 patients across all studies and the CUP were
treated with Strimvelis at the time of the data cut-off for the marketing application
(see Table A 3).

Data for the first 10 patients enrolled in these studies with clinical follow-up
ranging from 1.8 to 8 years have been published [Aiuti, 2002a; Aiuti, 2009b;
Selleri, 2011], and a manuscript that expands on those data with long-term (2.3
to 13.4 years, median 6.9 years) safety and efficacy results in those and 8
additional patients has recently been published [Cicalese, 2016]. The results
presented by Cicalese et al. include the most recent data cut available.
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Table C 3

List of relevant published studies

Primary study | Study name Population Intervention Comparator

reference (acronym)

Aiuti A, Slavin AD1117054 ADA-SCID Strimvelis gene none

S, Aker M, et al. | (Pilot 1); paediatric patients | therapy

Correction of AD1117056 who lacked HLA- | preceded by

ADA-SCID by (Pilot 2) matched sibling conditioning with

stem cell gene donor busulphan (2

therapy _ mg/kg/day on

combined with 2 consecutive

nonmyeloablativ days) was

e conditioning. administered IV.

Science. 2002a (3 doses/day) in

Jun Pt1, and orally

28;296(5577):24 (4 doses/day) in

10-3. Pt2 on days -3
and -2)

Aiuti A, AD1115611 ADA-SCID Strimvelis gene | none

Cattaneo F, (Pivotal); paediatric patients | therapy

Galimberti S, AD1117054 who lacked HLA- | preceded by

Benninghoff U, (Pilot 1); matched sibling conditioning with

et al. Gene AD1117056 donor busulfan (2

therapy for (Pilot 2); mg/kg/day)

immunodeficien

cy due to

adenosine

deaminase

deficiency. N

Engl J Med.

2009 Jan

29;360(5):447-

58.

Cicalese MP, AD1115611 ADA-SCID Strimvelis gene | none

Ferrua F, (Pivotal); paediatric patients | therapy

Castagnaro L, AD1117054 who lacked HLA- | preceded by

et al. Update on | (Pilot 1); matched sibling conditioning with

the safety and AD1117056 donor busulfan (2

efficacy of (Pilot 2); mg/kg/day)

retroviral gene AD1117064

therapy for (CUP);

immunodeficien | AD1115611

cy due to LTFU

adenosine

deaminase

deficiency.

Blood. 2016

128:45-54.

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; AEs=adverse events;

HLA=human leukocyte antigen; |V=intravenous

Table C 4
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An article on the safety of Strimvelis is in progress. This article will provide
information on the safety data from the studies included in the marketing
authorisation application for Strimvelis. The safety data from the CSRs and
marketing authorisation application are included in this NICE evidence
submission.

9.3.2 State the rationale behind excluding any of the published studies listed
in tables C3 and C4.

None of the above listed studies were excluded from discussion in this dossier.

No studies were identified that directly compare Strimvelis with the comparator
therapies defined in the decision problem. All comparisons summarised in this
document or in the published literature shown in Table C 3 are indirect. As
information on the Strimvelis clinical programme is critical to the decision
problem, these studies are presented in Sections 9.4 to 9.7. All identified
published studies of competitors defined in the decision problem are presented in
Section 9.8 for indirect comparison.

9.4 Summary of methodology of relevant studies

9.4.1 Describe the study design and methodology for each of the published
and unpublished studies using tables C5 and C6 as appropriate. A

separate table should be completed for each study.

All clinical studies in the Strimvelis programme listed in Table A 3 and in Table C
3 were non-randomised, single-arm, single-centre, open-label studies.

The pivotal trial AD1115611 was classified as a Phase 1/2, prospective, historical
control study. After Strimvelis was in-licensed in 2010, GSK implemented a
protocol amendment (AD1115611 Protocol Amendment 5) to the pivotal study
AD1115611 that formally extended longer-term follow-up to >3 years, and also
enrolled patients from Pilot Study 2 (AD1117056) and the CUP (AD1117064)
after 3 years of post-treatment follow-up in their respective study/programs. The
single patient treated in Pilot Study 1 (AD1117054) joined AD1115611 LTFU [}
years post-treatment. Follow-up data captured from Year 4 onwards are
considered AD1115611 LTFU and presented as an extension of the pivotal study
evidence of efficacy.

Cicalese, 2016 presents the patients enrolled from the 2 pilot studies, one pivotal
study with a LTFU component, and the CUP. LTFU permitted enrolment of
patients from the pilot studies and CUP to participate in long-term assessments
beyond the initial follow-up period.

No randomised controlled studies were conducted so the following tables
describe single-arm studies that may include comparison versus a historical
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control (AD1115611). Information from the publications describing these studies
has been augmented with unpublished information from the respective CSRs.

Table C 5 Summary of methodology for AD1115611 (pivotal; single arm study
versus historical control; published)

Study name

ADA gene transfer into haematopoietic stem/progenitor
cells for the treatment of ADA-SCID (AD1115611
Pivotal)

Objectives

1. Evaluation of the safety and the clinical efficacy
of gene therapy, in the absence of enzyme replacement
therapy.

2. Evaluation of biological activity (engraftment,
ADA expression) of ADA-transduced CD34+ cells and
their haematopoietic progeny.

3. Evaluation of immunological reconstitution and
purine metabolism after gene therapy.

Location

Hadassah University Hospital (Hadassah)
San Raffaele Scientific Institute (SR-I or SR-II).

Design

Open-label, prospective, sequential, controlled study
(comparison with historical control data for patients
receiving HSCT from a MUD)

Duration of study

3 years

Sample size

12 Patients

Inclusion criteria

e Aged <18 years suffering from SCID with ADA
deficiency, as assessed by ADA enzymatic activity
and/or genetic analysis, and for whom an HLA-
identical healthy sibling was not available as
suitable bone marrow donor

¢ Exhibited lack of efficacy (defined by immunological
measurements) with at least 6 months of treatment
with PEG-ADA prior to enrolment; OR had PEG-
ADA discontinued due to intolerance, allergic
reaction, or autoimmunity, OR enzyme replacement
therapy was not a lifelong therapeutic option

Exclusion criteria

Infected with human immunodeficiency virus (HIV) and
those with a current malignancy or a history of
malignancy, or who received a previous gene therapy
treatment in the 12 months preceding the enrolment

Method of randomisation

NA

Method of blinding

NA

Intervention(s) (n = 12) and
comparator(s) (n = 15)

Infusion of autologous CD34+ cells transduced ex vivo
with retroviral vector encoding ADA after non-
myeloablative conditioning with busulfan compared with
historical control of HSCT from a MUD [Hassan, 2012]
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Baseline differences Two patients had previously received an unsuccessful
BMT from a haploidentical donor; all had previously
received PEG-ADA.

Duration of follow-up, lost to AD1115611 was a 3-year study with a separate LTFU
follow-up information component.

All patients completed Year 1 assessments, 1 patient
was withdrawn at 2.3 years, and all 11 remaining
patients completed Year 3 assessments. The primary
reason for withdrawal was recorded as investigator
discretion: the patient was a candidate for allogeneic
transplant and was moved to another clinical centre.
This patient received a sibling-matched BMT from a
relative that had not been available at the time of gene
therapy treatment.

Statistical tests All patients treated with Strimvelis and their data as
observed during the study were used for statistical
analyses. Missing data were treated as missing at
random, and no imputations for missing data or
withdrawals were performed (with the exceptions noted
below). Given the small sample size in the study, any
statistical imputations for missing data were not
considered appropriate. The following exceptions were
made: the baseline visit window (end of screening, Day
-5) was extended by 1 day to Day -4 for 2 patients only
to capture their missing baseline data (Patients [J});
and missing CD3+ values were imputed as the average
of CD4+ and CD8+ values obtained from the same
sample.

If there was more than 1 baseline value, the last value
prior to gene therapy treatment was used as a baseline.

The Intent-to-treat (ITT) population included all patients
who received gene therapy and had at least 1 post-
therapy evaluation during the 3-year follow-up. Data
collected after the 3-year visit were excluded from the
analysis. The ITT population was the primary efficacy
analysis population.

The primary efficacy endpoint of survival was
determined from the date of therapy until death (event
of interest). Since there were no deaths in the study
(100% survival), the Log-Rank test could not be applied
for comparison to the 50% reference survival rate.
However, survival at 3 years was compared to the
postulated alternate hypothesis of 85%. The Kaplan-
Meier product limit method was used to estimate
survival for both ITT (all patients who received
Strimvelis and had at least 1 post-therapy evaluation)
and Per Protocol (patients in the ITT population who did
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not violate the protocol) populations, accounting for
censored observations.

For secondary efficacy endpoints, all continuous
efficacy variables were examined, using error
diagnostics from the analysis of residuals, to assess
departure from assumptions of normality underlying the
statistical model. If the assumptions were violated, log-
transformation was applied to improve compliance with
normality assumption, and analyses were carried out for
both untransformed and log-transformed data. A small
positive number was added to zero to enable log-
transformation if the original observed value was zero.
For such variables, the interpretation and inferences
were drawn primarily from the log-transformed analysis
results. Unless otherwise stated, all statistical analyses
were 2-sided and performed at the 5% level of
significance. Summary statistics including 95%
confidence intervals (Cls) and appropriate plots were
presented for all efficacy endpoints.

The rate of severe infections was defined as the
number of severe infections over person-years of
observation (free from severe infections) before and
after treatment administration. The first 3 months of
observation after gene therapy were not considered in
the analysis, because patients were already
hospitalised during this period. Time free from severe
infections was derived as total follow-up minus

3 months minus time under each infection (resolution
date minus onset date). For pre-treatment severe
infections, the total follow-up period was defined as the
time from the date of birth to the day before the date of
the gene therapy treatment. Therefore, time free from
severe infections was derived as total follow-up (date of
gene therapy minus date of birth minus 1) minus time
under each infection. Statistical outputs of pre-
treatment SAEs reflect the data reported by the
investigator on AE and concomitant diseases CRF
pages only

Primary outcomes (including Survival at 3 years
scoring methods and timings
of assessments)

Secondary outcomes All efficacy endpoints were evaluated at 1, 2, and 3
(including scoring methods years. A total of 14 secondary endpoints were included
and timings of assessments) in the protocol in hierarchical order (see list below),

among which 3 were considered as key: change in
severe infection rates, change in T cell counts, and
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modification of the systemic metabolic defects
measured by dAXP levels in RBCs.

1.1. Change in the rate of severe infections (defined as
infections requiring hospitalisation or prolonging
hospitalisation)

1.2. Change in T cell counts

1.3. Modification of the systemic metabolic defect,
assessed by levels of purine metabolites in RBCs;
defined as percent of patients who reached adequate
systemic metabolic detoxification, according to
observations in patients treated with standard HLA-
identical sibling donor SCT (where dAXP levels of

<100 mmol/mL at Year 1 or longer are considered
indicative of correction of the systemic metabolic defect
in ADA-SCID) [Carlucci, 2003; Hirschhorn, 1981;
Rogers, 2001; Ochs, 1992; Booth, 2007]

2.1. Change in the proliferative response to polyclonal
stimuli

2.2. Change in thymic activity (T cell receptor excision
circles [TREC])

2.3. Presence of genetically modified cells in the bone
marrow compartment and presence of 210% genetically
modified cells in peripheral blood lymphocytes

2.4. Lymphocyte ADA enzyme activity
2.5. Change in lymphocyte counts
3.1. Recovery of physical growth

3.2. Reintroduction of PEG-ADA in patients previously
treated with PEG-ADA

3.3. Antibody response to vaccination.

Safety endpoints were as follows:

. Adverse events (expected or unexpected)
. Serious adverse events (expected or
unexpected)

Safety assessments included monitoring and recording
of AEs and serious adverse events (SAEs), laboratory
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parameters including clinical chemistry, haematology,
and urinalysis,

Source(s)

Aiuti, 2009b; Selleri, 2011; Cicalese, 2014; AD1115611
CSR, 2015; Cicalese, 2016

Table C 6 Summary of methodology for AD1115611 LTFU 4-7 years (pivotal;
single arm study versus historical control; submitted for publication)

Study name

Long-term follow-up of ADA gene transfer into
haematopoietic stem/progenitor cells for the treatment
of ADA-SCID (AD1115611 LTFU)

Objectives

To extend follow-up of patients who received gene
therapy with transduced autologous CD34+ cells for
the:

1. Evaluation of the safety and the clinical efficacy
of gene therapy, in the absence of enzyme replacement
therapy.

2. Evaluation of biological activity (engraftment,
ADA expression) of ADA-transduced CD34+ cells and
their haematopoietic progeny.

3. Evaluation of immunological reconstitution and
purine metabolism after gene therapy.

4, Evaluation of change in quality of life over time
in ADA-SCID patients following treatment with
Strimvelis

Location

Hadassah University Hospital (Hadassah)
San Raffaele Scientific Institute (SR-I or SR-II).

Design

Open-label, single arm

Patients were enrolled via 2 pilot studies (AD1117054
[Aiuti, 2002a] and AD1117056 [Aiuti, 2002a], one
pivotal study (AD1115611 [Aiuti, 2009b]) with a long-
term follow-up (LTFU) component, and a
compassionate use programme (CUP) (AD1117064,
[unpublished, AD1117064 CSR]

Duration of study

Expanded on previous data from the feeder studies; as
of the data cut-off for the marketing authorisation
application and Cicalese 2016 publication, one patient
had Year 13 follow-up data available and 5 patients
had completed the Year 8 visit. The median duration of
follow-up was 4.0 years from the Year 3 visit that was
the baseline for the LTFU study.

Sample size

14 Patients

Inclusion criteria

Open to all patients who had received Strimvelis in any
previous feeder study (Pilot Studies 1 [AD1117054] and
2 [AD1117056] and pivotal trial [AD1115611]) or in the
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CUP [AD1117064] and consented to take part in the
LTFU

Patients with ADA-SCID who lacked an HLA-identical
sibling donor and (1) had received =26 months of PEG-
ADA treatment with demonstrated inefficacy or
intolerance, or (2) for whom PEG-ADA was not a long-
term treatment option

Exclusion criteria Patients infected with human immunodeficiency virus
and those with a current malignancy or a history of
malignancy, or who received a previous gene therapy
treatment in the 12 months preceding the enrolment
were excluded from the study.

Method of randomisation NA

Method of blinding NA

Intervention(s) (n = 14) and Infusion of autologous CD34+ cells transduced ex vivo

comparator(s) (n = 15) with retroviral vector encoding ADA after non-
myeloablative conditioning with busulfan

Baseline differences Two patients had previously received an unsuccessful

BMT from a haploidentical donor; all but 3 had
previously received PEG-ADA.

Duration of follow-up, lost to Data from 14 patients were included: 1 patient from
follow-up information Pilot Study 1 (AD1117054), 2 patients from Pilot
Study 2 (AD1117056), and 11 patients from the pivotal
study (AD1115611). [ was withdrawn from the pivotal
study and thus did not take part in the LTFU.

Seventeen patients consented to the LTFU, and data
from 14 patients are included in this report. Three
patients from the compassionate use programme
(AD1117064) are not included for the following reasons.
Two patients consented to the LTFU but no data are
published yet as Year 4 visit data were not available in
time for the May 2014 cut-off; and 1 patient, who had
not optimally responded to gene therapy treatment,
consented to participate but withdrew before the Year 4
visit when a sibling matched BMT became available.

Statistical tests For efficacy endpoints, all available data through the 8-
year time points were used for statistical analysis.
Within-patient changes were used for efficacy
comparisons. Efficacy data collected after receipt of =3
continuous months of PEG-ADA or allogeneic SCT
were excluded.

Dichotomous and categorical endpoints, percentages
and 95% confidence intervals were calculated.

Continuous endpoints, the changes from pre-treatment
baseline were analysed by mixed model repeated
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measures (MMRM) analyses fitting Visit and Baseline
as fixed effects and Patient as the random effect.
Where normality assumptions were violated, the data
were log transformed. No adjustments were made for
multiplicity; significance calculations are of limited
value, and P values are not shown.

No deaths occurred during the studies; therefore, no
formal survival analysis was performed. However,
Kaplan-Meier survival curves were plotted for
intervention-free survival. Severe infections were
defined as those leading to hospitalisation or prolonging
hospitalisation and were reported as the number of
severe infections per person-year of observation.
Events during the 0-3 month post-treatment monitoring
period were not included in adverse event (AE)
analysis, as patients were generally confined to hospital
(per protocol) with an expected risk of infections due to
incomplete immune reconstitution and the neutropenia
following busulfan conditioning. Height and weight for
all patients were compared with age-appropriate growth
charts.

Not all patients had data available for each time point
due to exact timing of follow-up visits.

Primary outcomes (including Survival
scoring methods and timings
of assessments)

Secondary outcomes Intervention-free survival (defined as survival without

(including scoring methods receiving a post-gene therapy HSCT or continuous

and timings of assessments) PEG-ADA treatment for 23 months) Infection rates.
Assess engraftment and transgene function (vector
copy number (VCN), lymphocyte ADA activity, and red
blood cell (RBC) dAXP levels).

Immune reconstitution (lymphocyte subset counts, T
cell receptor excision circle (TREC) analysis, T cell
proliferative capacity)

Physical growth.

Post-hoc analyses included transduced cell
engraftment in CD15+ and CD34+ cells, antibody
response to vaccination, and duration of IVIG
administration.

Safety endpoints were as follows:

. Adverse events (expected or unexpected)
. Serious adverse events (expected or
unexpected)

The long-term safety monitoring plan included
replication competent retrovirus testing (archived
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samples), safety tests for genotoxicity, patient status
questionnaire, vital signs, ECG, physical examination,
specialist examinations, instrumental tests, and clinical
laboratory assessments.

Source(s)

Cicalese, 2014; AD1115611 LTFU Interim CSR, 2015;
Cicalese, 2016

Table C 7 Summary of methodology for Pilot Study 2 AD1117056

Study name

A summary of the safety and efficacy for the first 3
years post-gene therapy for 2 patients treated with
Strimvelis (AD1117056 Pilot 2)

Objectives

1. To evaluate safety and efficacy of the administration
to adenosine deaminase (ADA)-deficient patients of
autologous lymphocytes transduced with a normal
hADA gene.

2. To evaluate safety and efficacy of the administration
to ADA-deficient patients of autologous haematopoietic
stem cells transduced with a normal hADA gene.

3. To identify the relative role of peripheral blood
lymphocytes, and haematopoietic stem cells and
progenitor cells in the long-term reconstitution of
immune functions after retroviral vector-mediated ADA
gene transfer.

4. To evaluate the in vivo survival of autologous T-cells
and the duration of expression of the inserted genes.

5. To define the potential selective advantage of ADA-
positive cells over untransduced ADA-negative cells,
and survival and expansion of peripheral blood
lymphocytes.

6. To determine the extent, the kinetics and the duration
of that engraftment in different haematological cell
lineages in the course of time.

7. To determine whether ADA gene transfer into human
long-term reconstituting stem cells could be achieved.

Location

San Raffaele Telethon Institute for Gene Therapy
(HSR-TIGET), Milan, ltaly

Design

Open-label, single arm

Duration of study

Through Year 3 of follow-up

Sample size

2 Patients

Inclusion criteria

Patients with ADA-SCID who lacked an HLA-identical
sibling donor were included in this study. It was planned
to recruit patients who had been treated with PEG-ADA
for at least 6 months (unless they became allergic to
this drug) before treatment. Patients were to have
shown evidence of failure of enzyme replacement
therapy, including persistence of recurrent infections.
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However, in a deviation to the entry criteria, neither of
the 2 patients received PEG-ADA before gene therapy
because it was not available in their country and the

2 patients had already failed the standard BMT therapy.

Exclusion criteria

Patients with a genetically HLA-identical bone marrow
donor, patients infected with HTLV-1, HIV-1 (or HIV-2),
and patients with malignancy

Method of randomisation

NA

Method of blinding

NA

Intervention(s) (n =2) and
comparator(s) (n =0)

Infusion of autologous CD34+ cells transduced ex vivo
with retroviral vector encoding ADA. Busulfan
preconditioning was not included in the protocol for this
study; however, a protocol deviation occurred and
patients did receive non-myeloablative conditioning with
busulfan. ] received busulfan pre-conditioning at
approximately 2 mg/kg/day before the first dose of gene
therapy, but did not receive busulfan pre-conditioning
before a second dose of gene therapy. [J.received IV
busulfan pre-conditioning before gene therapy at
approximately 2 mg/kg/day.

Baseline differences

Both patients had previously received an unsuccessful
stem cell transplant from a haploidentical donor and
neither had received PEG-ADA because it was not
available in their country.

How were patrticipants
followed-up (for example,
through pro-active follow-up or
passively). Duration of follow-
up, participants lost to follow-

up

Both patients completed Year 3 follow-up assessments
and then were enrolled into the AD1115611 LTFU
study.

Statistical tests

No statistical analyses were pre-defined for the first 3
years of the study but were developed retrospectively.

Specification for company submission of evidence 59 of 252




Outcomes (including scoring
methods and timings of
assessments)

Outcomes were not designated as primary or
secondary for this study. Outcomes included:

Survival

Change in rate of severe infections (defined as
infections requiring hospitalisation or prolonging
hospitalisation)

Change in T lymphocyte counts (cells/pL)

Modification of the ‘systemic’ metabolic defect,
analysed by levels of purine metabolites in RBCs

Change in the proliferative response to polyclonal
stimuli

Presence of genetically modified cells in the bone
marrow compartment and presence of >10% genetically
modified cells in peripheral blood lymphocytes

Lymphocyte ADA enzyme activity
Change in total lymphocyte counts (cells/uL)
Recovery of physical growth

Need for reintroduction of PEG-ADA (in patients
previously treated with PEG-ADA)

Antibody response to vaccination

Publication Source(s)

Bordignon, 1993; Aiuti, 2002a; Aiuti, 2009b; Cicalese,
2014; Abbreviated CSR AD1117056, 2015; Cicalese,
2016

Table C 8 Summary of methodology for Pilot Study 1 AD1117054

Study name

Treatment, clinical course and outcomes of the first
patient treated with Strimvelis (AD1117054 Pilot 1)

Objectives

Evaluate the clinical efficacy and long-term outcomes in
a patient with ADA-SCID treated with non-myeloablative
conditioning followed by infusion of autologous bone
marrow derived CD34+ cells transduced with a viral
vector carrying the ADA gene

Location

Design

Open label, single patient

Duration of study

._years before the patient entered the LTFU

Sample size

1 Patient

Inclusion criteria

Children with ADA-SCID who lacked a healthy HLA-

identical sibling and who had shown treatment failure
with 6+ months PEG-ADA therapy or who had PEG-

ADA intolerance, allergy or autoimmunity

Exclusion criteria Not defined
Method of randomisation NA
Method of blinding NA
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Intervention(s) (n =1) and
comparator(s) (n =0)

Infusion of autologous CD34+ cells transduced ex vivo
with retroviral vector encoding ADA after non-
myeloablative conditioning with busulfan

Baseline differences

The patient did not receive BMT before gene therapy.
In a protocol violation, the patient had not received
PEG-ADA therapy as it was not available in ] country.

How were participants
followed-up (for example,
through pro-active follow-up or
passively). Duration of follow-
up, participants lost to follow-

up

This patient was followed for . years before . was
enrolled in the AD1115611 LTFU study.

(including scoring methods
and timings of assessments)

Statistical tests NA

Primary outcomes (including Not available
scoring methods and timings

of assessments)

Secondary outcomes Not available

Source(s)

Aiuti, 2002a; Aiuti, 2009b; Cicalese, 2014; Synoptic
CSR AD1117054, 2015; Cicalese, 2016

Table C 9 Summary of methodology for Compassionate Use Programme Study
AD1117064

Study name Treatment and outcomes for ADA-SCID patients that
received Strimvelis under compassionate use
(AD1117064 CUP)

Objectives To provide a mechanism to supply Strimvelis on a
compassionate use basis for the treatment of patients
with ADA-SCID

Location San Raffaele Telethon Institute for Gene Therapy
(HSR-TIGET), Milan, ltaly

Design Strimvelis was administered under compassionate use

(open label). Patients were treated and followed up
using the same assessments and procedures as the
Pivotal AD1115611 study.

Duration of study

3 years and then patients could enrol in the AD1115611
LTFU study

Sample size

3

Inclusion criteria

e Aged <18 years suffering from SCID with ADA
deficiency, as assessed by ADA enzymatic activity
and/or genetic analysis, and for whom an HLA-
identical healthy sibling was not available as
suitable bone marrow donor
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o Exhibited lack of efficacy (defined by immunological
measurements) with at least 6 months of treatment
with PEG-ADA prior to enrolment; OR had PEG-
ADA discontinued due to intolerance, allergic
reaction, or autoimmunity, OR enzyme replacement
therapy was not a lifelong therapeutic option

Exclusion criteria

Infected with HIV and those with a current malignancy
or a history of malignancy, or who received a previous
gene therapy treatment in the 12 months preceding the
enrolment

Method of randomisation

NA

Method of blinding

NA

Intervention(s) (n =3) and
comparator(s) (n =0)

Infusion of autologous CD34+ cells transduced ex vivo
with retroviral vector encoding ADA after non-
myeloablative conditioning with busulfan

Baseline differences

How were participants
followed-up (for example,
through pro-active follow-up or
passively). Duration of follow-
up, participants lost to follow-

up

Follow-up was consistent with follow-up in the Pivotal
AD1115611 study. Patients were followed for 3 years
and then allowed to enrol in the AD1115611 LTFU
study.

Statistical tests

NA

Primary outcomes (including
scoring methods and timings
of assessments)

Safety of Strimvelis over 3 years

Secondary outcomes
(including scoring methods
and timings of assessments)

No formal endpoints were pre-specified for analysis;
however, endpoints were defined post hoc to be in line
with those in the Pivotal AD1115611 study.

1. Survival at 3 years post-gene therapy.

2. Change in the rate of severe infections (defined
as infections requiring hospitalisation or
prolonging hospitalisation).

3. Change in T lymphocyte counts (cells/uL).

4. Modification of the ‘systemic’ metabolic defect,
analysed by levels of purine metabolites in red
blood cells (RBCs).

5. Change in the proliferative response to
polyclonal stimuli.

6. Change in thymic activity (T-cell receptor
excision circles; TREC).

7. Presence of genetically modified cells in the
bone marrow compartment and presence of
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>10% genetically modified cells in peripheral
blood lymphocytes.

8. Lymphocyte ADA enzyme activity.
9. Change in lymphocyte counts (cells/uL).
10. Recovery of physical growth.

11. Need for reintroduction of PEG-ADA (in patients
previously treated with PEG-ADA).

12. Antibody response to vaccination.

Source(s) Cicalese, 2014; AD1117064 Interim CSR 2015;
Cicalese, 2016

942 Provide details on data from any single study that have been drawn
from more than one source (for example a poster and unpublished
report) and/or when trials are linked this should be made clear (for

example, an open-label extension to randomised controlled trial).

The data presented for each study from the Strimvelis clinical programme were
pulled from multiple sources as presented in the table below.

Table C10 Sources by study

Study ID Sources

AD1117054 Pilot 1 Aiuti, 2002a; Aiuti, 2009b; Cicalese,
2014; Synoptic CSR AD1117054,
2015; Cicalese, 2016

AD1117056 Pilot 2 Bordignon, 1993; Aiuti, 2002a; Aiuti,
2009b; Cicalese, 2014; Abbreviated
CSR AD1117056, 2015; Cicalese,
2016

AD1115611 Pivotal Aiuti, 2009b; Selleri, 2011; Cicalese,
2014; AD1115611 CSR, 2015;
Cicalese, 2016

AD1117064 CUP Cicalese, 2014; AD1117064 Interim
CSR; Cicalese, 2016

AD1115611 LTFU Cicalese, 2014; AD1115611 LTFU
Interim CSR, 2015; Cicalese, 2016
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9.4.3 Highlight any differences between patient populations and

methodology in all included studies.

Patients enrolled in the Strimvelis clinical programme were generally similar
across studies except that ._had no prior exposure to PEG-ADA while all
subsequent patients had received some level of PEG-ADA treatment. JJJj from
the AD1115611 Pivotal study had failed prior SCT from a haploidentical donor.

944 Provide details of any subgroup analyses that were undertaken in the
studies included in Section 9.4.1. Specify the rationale and state

whether these analyses were pre-planned or post-hoc.

No subgroup analyses were performed for any of the studies included in Section
9.4.1.

945 If applicable, provide details of the numbers of patients who were
eligible to enter the study(s), randomised, and allocated to each

treatment in an appropriate format.

Not applicable.

9.4.6 If applicable provide details of and the rationale for, patients that were

lost to follow-up or withdrew from the studies.

One patient () withdrew from the Pivotal AD1115611 Study 2.3 years after
receiving Strimvelis due to investigator discretion. After an unsuccessful
response to gene therapy, the patient withdrew to receive an HLA-matched SCT
from a sibling donor that had not been available prior to Strimvelis therapy. One
patient () from the AD1117064 CUP enrolled in the AD1115611 LTFU study
but withdrew from the LTFU before the Year 4 visit due to patient decision. After
an unsuccessful response to gene therapy, the patient withdrew to receive HSCT
from an MSD that had not been available prior to Strimvelis therapy. Both these
patients are considered in the analyses as an unsuccessful response to
Strimvelis. Details on these 2 patients are included in Table C 21.

9.5 Critical appraisal of relevant studies

9.5.1 Complete a separate quality assessment table for each study.

As described previously, all clinical studies were non-randomised, single-arm,
single-centre, open-label studies.

The discovery and development of Strimvelis was initially conducted in an
academic setting and largely sponsored by HSR-TIGET, the research arm of an
Italian Charity. The development programme was started in 1990. Given the very
long history of the development programme, some elements are not consistent

Specification for company submission of evidence 64 of 252



with current standards of International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use Good Clinical
Practice (GCP). In particular, substantial supporting study documents for the 2
pilot clinical studies (AD1117056 and AD1117054) are not available (additional
details are available in the AD1117054 Pilot 1 synoptic CSR and the AD1117056
Pilot 2 abbreviated CSR). Furthermore, 3 of the patients reported in the
marketing authorisation application received treatment under a compassionate
use programme (AD1117064) and were not initially part of a formal prospectively
defined safety and efficacy study. Patient-level data on items such as resource
use and costs are not readily available.

The pivotal study protocol, amendments, informed consent, and other information
that required pre-approval were reviewed and approved by a national, regional,
or investigational centre ethics committee or institutional review board, in
accordance with GCP and applicable country-specific requirements. More
information about studies AD1117056, AD1117054, AD1117064, and the LTFU
under study AD1115611 are provided below.

Pivotal Study (AD1115611)

The pivotal study AD1115611 was sponsored by HSR-TIGET and GSK. The
original protocol and the first 4 amendments were the responsibility of HSR-
TIGET. The last 4 amendments were the responsibility of GSK. The study was
conducted in accordance with the International Conference on Harmonisation
(ICH) of Technical Requirements for Registration of Pharmaceuticals for Human
Use GCP standards (2007 edition), all applicable patient privacy requirements,
and the ethical principles outlined in the Declaration of Helsinki 2000. The study
protocol, amendments, informed consent, and other information that required
pre-approval were reviewed and approved by a national, regional, or
investigational centre ethics committee or institutional review board and
approvals are maintained in the Sponsor’s study file. Following the transfer of
sponsorship to GSK, in compliance with GSK policies, investigators were trained
to conduct the study in accordance with GCP and the study protocol as defined
in ICH E3, Section 9.6. The study was monitored in accordance with ICH EG6,
Section 5.18.

AD1115611 Long-Term Follow-Up

After the Strimvelis product was in-licensed in 2010, GSK implemented a
protocol amendment (AD1115611 Protocol Amendment 5) to AD1115611 (pivotal
study) that formally extended longer-term follow-up to >3 years, and also enrolled
patients from Pilot Study 2 (AD1117056) and the CUP (AD1117064) after 3 years
of post-treatment follow-up in their respective study/programme. The single
patient who was treated in Pilot Study 1 (AD1117054) joined AD1115611 LTFU
[ years post-gene therapy.

This study was sponsored by HSR-TIGET and GSK. The original protocol and
the first 4 amendments were the responsibility of HSR-TIGET. The last 4
amendments were the responsibility of GSK. The AD1115611 study protocol,
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amendments, informed consent, and other information that required pre-approval
were reviewed and approved by a national, regional, or investigational centre
ethics committee or institutional review board in accordance with ICH GCP and
applicable country-specific requirements, including US 21 Code of Federal
Regulations 312.3(b) for constitution of independent ethics committees. This
study was conducted in accordance with ICH GCP (2007 edition) and all
applicable patient privacy requirements, and the ethical principles that are
outlined in the Declaration of Helsinki 2000. Following the transfer of sponsorship
to GSK, in compliance with GSK policies, investigators were trained to conduct
the study in accordance with GCPs and the study protocol as defined in ICH E3,
Section 9.6. The study was monitored in accordance with ICH E6, Section 5.18.

Pilot Study 2 (AD1117056)

Pilot Study 2 (AD1117056) represents 2 patients with ADA-SCID treated with
GSK6796273 under a pilot study protocol [Bordignon, 1993] that described
multiple investigational treatments. The study was conducted at Fondazione
Centro San Romanello del Monte Tabor, predecessor of the Fondazione Centro
San Raffaele del Monte Tabor (Milan, Italy). This study was not conducted under
a GSK-approved protocol. GSK cannot demonstrate that the study protocol,
informed consent, and conduct of the study conformed to ICH GCP standards.
GSK can confirm that the study protocol, informed consent, and other information
that required pre-approval were reviewed and approved by Ethical Committee of
the Fondazione Centro San Romanello del Monte Tabor and by the Comitato
Nazionale di Bioetica (National Italian Committee for Bioethics).

Upon in-licensing of the product by GSK in 2010, both patients signed a GSK
informed consent which granted GSK access to the prior data from their
participation in the trial. GSK accessed these historical study data and medical
records and transferred their data onto a retrospectively designed CRF. The
process undertaken by GSK for the acquisition and reporting of these historical
data was compliant with ICH GCP and all applicable patient privacy
requirements. Further, this process was monitored in accordance with ICH EB6,
Section 5.18.

Pilot Study 1 (AD1117054)

Pilot Study 1 (AD1117054) covers the treatment and first [ years of follow-up
for ] patient receiving Strimvelis. In 2013,_JJ|'s parent/guardian signed a GSK
consent to participate in the LTFU of study AD1115611. This consent also
granted GSK retrospective access to this patient’s data from for the first ] years
after gene therapy.

Limited source documents are available with which to validate the published data
for this patient [Aiuti, 2002a; Aiuti, 2009b]. Available source data for this patient
covering the pre-treatment, treatment, and first ] years of follow up primarily
consist of sparse clinical laboratory results and bio-analytical outputs that have
been captured onto an Excel spreadsheet (no CRF exists). In addition, physician
letters from hospital admissions and emergency room visits have been made
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available for review. No study conduct documentation including drug product
batch record, study protocol, ethics approval documentation, or other source
documentation to support the design and conduct of this trial are available to
GSK to demonstrate GCP compliance of this study. Therefore, GSK cannot
demonstrate that the study protocol, informed consent, and conduct of the study
conformed to the ICH GCP standards. The publications indicate that the protocol
was approved by the Institutional Review Board at ] and the [} Ministry of
Health [Aiuti, 2002a Suppl; Aiuti, 2009b]; however, no source documentation is
available to GSK to support these statements. The existing data have been
summarized in a narrative format in a synoptic study report and supporting data
are only available in the formats outlined above. No CRF or formal statistical
output is available for AD1117054.

CUP (AD1117064)

Patients in the CUP (AD1117064) received gene therapy in accordance with the
Italian Ministerial Decree of 08 May 2003 (D.M. 8/5/2003). Each treatment was
approved by the Ospedale San Raffaele Ethics Committee and notified to the
Istituto Superiore di Sanita (ISS) and The Italian Medicines Agency. Additionally,
in accordance with Italian law, patient data were updated in the ISS Italian
Monitoring Database for Gene and Cell Therapy, Banca Dati per il Monitoraggio
della Terapia Genica e Cellulare Somatica.

Although the CUP was not a formal prospectively defined safety and efficacy
study, GSK has retrospectively sought and received ethics approval and
patient/carer consent to use these data for registration purposes. All patients who
received Strimvelis as part of the CUP were treated at the same clinical site that
conducted study AD1115611, and the same eligibility criteria, treatment
procedures, and assessments were followed as for patients in the pivotal study
AD1115611. GSK has entered the patients’ data onto CRFs, constructed a
clinical database, and verified that the information captured on these CRFs
corresponds to the information in the source documents for these patients.

Table C 11  Critical appraisal of AD1115611 Pivotal 0-3 Year Study

Study question Response How is the question addressed in the
yes/no/not | Study?
clear/N/A)
Was the cohort Yes Recruitment was suitable and based on the
recruited in an study protocol.
acceptable way?
Was the exposure Yes Exposure was measured and documented as
accurately per the study protocol.

measured to
minimise bias?

Was the outcome Yes Outcomes for the years 0-3 were reported for
accurately some patients in Aiuti, 2009b and complete
measured to results are now summarised in Cicalese, 2016.

minimise bias?
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These results were collected using GCP and
have been carefully assessed.

example, in terms of
confidence interval
and p values) are
the results?

Have the authors Yes Results have focused on descriptive analysis

identified all of efficacy and safety for these patients.

important

confounding

factors?

Have the authors Yes Relevant factors have been discussed, but

taken account of the due to small sample size, formal analyses

confounding factors were not performed.

in the design and/or

analysis?

Was the follow-up of | N/A Eleven of the 12 patients completed the 3-year

patients complete? study as planned and are still participating in
long-term follow-up. . required PEG-ADA
reintroduction and corticosteroid therapy
approximately 5 months after gene therapy
due to SAEs of neutropenia and autoimmune
thrombocytopenia. This patient was withdrawn
from the study approximately 2.3 years after
gene therapy and is not a participant in long-
term follow-up. The primary reason for
withdrawal was recorded as investigator
discretion: the patient was a candidate for
allogeneic transplant and was moved to
another clinical centre. This patient received a
sibling-matched BMT from a relative that had
not been available at the time of gene therapy
treatment.

How precise (for N/A Results are descriptive as there is no

comparative arm

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence
12 questions to help you make sense of a cohort study

Table C 12 Critical appraisal of AD1115611 LTFU
Study question Response How is the question addressed in the
yes/no/not | Study?
clear/N/A)
Was the cohort N/A This study was a LTFU extension based on an

recruited in an
acceptable way?

amendment of the AD1115611 and included
patients previously recruited and treated in the
other clinical studies described in the tables
above.
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example, in terms of
confidence interval
and p values) are
the results?

Was the exposure N/A This is a LTFU study of patients previously

accurately treated.

measured to

minimise bias?

Was the outcome Yes Outcomes based on interim data are now

accurately summarised in Cicalese, 2016. These results

measured to were collected using GCP and have been

minimise bias? carefully assessed.

Have the authors Yes Results have focused on descriptive analysis

identified all of efficacy and safety for these patients

important

confounding

factors?

Have the authors Yes Relevant factors have been discussed, but

taken account of the due to small sample size, formal analyses

confounding factors were not performed.

in the design and/or

analysis?

Was the follow-up of | N/A This LTFU study is ongoing. Seventeen

patients complete? patients consented to the LTFU, and LTFU
data from 14 patients were included in the
interim CSR as well as in Cicalese, 2016.
Three patients from the compassionate use
programme (AD1117064) were not included
for the following reasons. Two patients
consented to the LTFU but no data were
reported since the Year 4 visit data were not
available in time for the May 2014 cut-off for
the marketing authorisation application ; and 1
patient (.), who had not optimally responded
to gene therapy treatment, consented to
participate but withdrew before the Year 4 visit
when a sibling matched BMT became
available.
[l from Pilot Study 1 (AD1117056) entered
the LTFU only at Year [J]. At this time the
Year 8 assessments were done so that both
efficacy and safety parameters could be
captured for this patient (as the Year ._visit
would have included predominantly safety
evaluations).

How precise (for N/A Results are descriptive as there is no

comparative arm

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence
12 questions to help you make sense of a cohort study
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Table C 13

Critical appraisal of AD1117056 Pilot 2

taken account of the
confounding factors
in the design and/or
analysis?

Study question Response How is the question addressed in the
yes/no/not | study?
clear/N/A)

Was the cohort Yes This study was a pilot study of 2 patients. GSK

recruited in an cannot confirm if a formal protocol was utilized

acceptable way? but methodology is described in Bordignon,
1993.

Was the exposure not clear To date, the lowest dose of CD34+ cells/kg

accurately delivered with Strimvelis gene therapy was in

measured to [l from study AD1117056. This patient

minimise bias? received Strimvelis gene therapy on 2
occasions, 2 years and 7 months apart. At the
first gene therapy, this patient received a low
dose of CD34+cells (0.9 x 10%/kg) due to the
limited content of CD34+ cells at the time of
bone marrow explant. The patient remained
lymphopenic and PEG-ADA was administered
for 7 weeks, starting 2 years and 5 months
after [ first gene therapy due to the
lymphopenia. A second gene therapy
procedure (2.1 x 10%/kg of CD34+ cells)
without busulfan conditioning was then
performed, 3.5 weeks after PEG-ADA had
been discontinued

Was the outcome Yes Patients ._who were treated in Pilot Study 2

accurately (AD1117056) had their clinical data

measured to retrospectively entered into CRFs with

minimise bias? subsequent validation by GSK, and efficacy
endpoints were defined post hoc for analysis.
GSK cannot verify study conduct was in
accordance with GCP, but can confirm data
accuracy and GCP compliance since the study
responsibility was assumed by GSK and the
CRFs were created in which the data were
retrospectively captured.

Have the authors Yes Results have focused on descriptive analysis

identified all of efficacy and safety

important

confounding

factors?

Have the authors Yes Relevant factors have been discussed, but

due to small sample size, formal analyses
were not performed.
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example, in terms of
confidence interval
and p values) are
the results?

Was the follow-up of | N/A Both patients are still participating in the LTFU
patients complete? component of AD1115611 and interim long-
term data are provided in the AD11156111
LTFU interim CSR as well as in Cicalese, 2016
How precise (for N/A Results are descriptive as there is no

comparative arm

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence
12 questions to help you make sense of a cohort study

Table C 14

Critical appraisal of AD1117054 Pilot 1

patients complete?

Study question Response How is the question addressed in the
yes/no/not | study?
clear/N/A)
Was the cohort Yes This study was a pilot study of 1 patient and
recruited in an methodology, as well as protocol approval, is
acceptable way? described in: [Aiuti, 2002a Suppl; Aiuti, 2009b]
Was the exposure N/A This was a single patient study
accurately
measured to
minimise bias?
Was the outcome Not clear See text above in this section. No CRF or
accurately formal statistical output is available.
measured to
minimise bias?
Have the authors Yes Results have focused on descriptive analysis
identified all of efficacy and safety for this single patient
important
confounding
factors?
Have the authors Yes Relevant factors have been discussed, but
taken account of the due to a sample size of 1, formal analyses
confounding factors were not performed
in the design and/or
analysis?
Was the follow-up of | N/A This patient is still participating in the LTFU

component of AD1115611 and interim long-
term data are provided in the AD11156111
LTFU interim CSR as well as in Cicalese, 2016
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How precise (for
example, in terms of
confidence interval
and p values) are
the results?

N/A

Results are descriptive as there is no
comparative arm

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence
12 questions to help you make sense of a cohort study

Table C 15 Critical appraisal of AD1117064 CUP
Study question Response How is the question addressed in the
yes/no/not | study?
clear/N/A)

Was the cohort Yes At the time of the marketing authorisation

recruited in an application submission data cut, 3 patients

acceptable way? who were treated via compassionate use had
data available. The same eligibility criteria as
used for the pivotal AD1115611 study applied
to these patients.

Was the exposure Yes All 3 patients treated as of the marketing

accurately authorisation application data cut-off received

measured to a single infusion.

minimise bias?

Was the outcome Yes GSK has entered the patients’ data onto

accurately CREFs, constructed a clinical database, and

measured to verified that the information captured on these

minimise bias? CRFs corresponds to the information in the
source documents

Have the authors Yes Results have focused on descriptive analysis

identified all of efficacy and safety for these patients

important

confounding

factors?

Have the authors Yes Relevant factors have been discussed, but

taken account of the due to small sample size, formal analyses

confounding factors were not performed

in the design and/or

analysis?

Was the follow-up of | N/A Two of the 3 patients are still participating in

patients complete?

the LTFU component of AD1115611 but Year
4 data were not available by the data cut used
for the AD11156111 LTFU interim CSR or the
Cicalese, 2016 publication. [ patient, [Jj had
low engraftment and lack of immune
reconstitution, which led to reintroduction of
PEG-ADA at 0.34 years post-gene therapy,
initially intermittently and then continuously
through the end of Year 3. The patient
withdrew from LTFU prior to the Year 4
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assessment when an HLA-matched sibling
donor was born, enabling a BMT. These
events resulted in the decision to withdraw by
the consented carers and treating physician.

How precise (for N/A Results are descriptive as there is no
example, in terms of comparative arm

confidence interval
and p values) are
the results?

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence
12 questions to help you make sense of a cohort study

9.6 Results of the relevant studies
9.6.1 Complete a results table for each study with all relevant outcome
measures pertinent to the decision problem. A suggested format is
given in table C9.
Table C16 Summary of results for Pivotal Study AD1115611
Study name | ADA gene transfer into haematopoietic stem/progenitor cells for the treatment of ADA-SCID
Size of 12 in the study compared with a historical control of 15 patients [Hassan, 2012]
study
groups
Outcomes Survival at 3 years post-gene therapy
Primary 100% survival 3-years after Strimvelis therapy intent to treat and per protocol.
Since there were no deaths, the 1-sample Log-Rank test could not be applied for
comparison with the historical control.
Outcomes Change in rate of severe infections
Secondary 14 severe infections were reported in 7 patients, with the rate of infection estimated as

0.429 events per person-year of observation in the ITT Population after Strimvelis therapy,
compared with 1.100 events per person-year of observation before Strimvelis therapy
(p=0.005). 8 severe infections were reported between 3 months and 1 year after gene
therapy, decreasing to 6 severe infections between 1 and 2 years, and none between 2
and 3 years after gene therapy.

One-year change in T lymphocyte counts
Plots of geometric mean CD3+ T lymphocyte counts in the ITT Population showed a clear
trend to increase over time from baseline to 3 years following gene therapy (the baseline

mean was influenced by a particularly high cell count for

One-year modification of the ‘systemic’ metabolic defect, analysed by levels of purine metabolites in

RBCs
Metabolic detoxification was observed in nearly all patients in both bone marrow and
peripheral blood, with 100% of patients in the ITT Population showing metabolic
detoxification at Year 2 and Year 3 in both sample matrices. When detoxification data
were compared against the reference value of 10%, a p-value of <0.001 was observed at
all time points for both bone marrow and blood samples.

One-year change in the proliferative response to polyclonal stimuli
Ex vivo lymphocyte proliferation in response to a CD3 antibody stimulus increased
numerically from baseline following gene therapy at the 1-, 2- and 3-year time points.
Positive T cell proliferation (values >20,000 cpm) was demonstrated in response to
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stimulation with anti CD3 antibodies from Year 1 post treatment onwards. From Year 1
post gene therapy onwards, ex vivo lymphocyte proliferation in response to stimulation
with PHA was increased numerically from baseline, with a positive T cell proliferation
response (>100,000 cpm) demonstrated at Year 3.

One-year change in thymic activity (T-cell receptor excision circles; TREC)
A plot of geometric mean TREC values in the ITT Population showed increases in thymic
activity over time. By Year 1 after gene therapy geometric mean and median TREC levels
(159.9 and 110.5 copies/100 ng DNA, respectively) were increased relative to pre-
treatment values (67.3 and 23.0 copies/100 ng DNA, respectively), and these levels
remained increased with subsequent visits through Year 3. From Year 1 onwards the
majority of patients consistently had TREC values at, or exceeding, 100 copies/ng DNA.

Presence of genetically modified cells in the bone marrow compartment and presence of 210%

genetically modified cells in peripheral blood lymphocytes
The geometric mean percentage of genetically modified cells in peripheral blood at Year 3
was 58.4% (95% Cl 46.66, 73.10) for CD3+, 0.68% (0.32, 1.42) for CD15+, 25.57%
(15.88, 41.17) for CD19+, 55.95% (46.95, 66.67) for CD4+, 39.08% (14.55, 105.01) for
CD56+, and 60.07 (45.04, 80.12) for CD8+ cells.

Lymphocyte ADA enzyme activity
The presence of lymphocyte ADA activity (>210 nmol/h/mg) in the ITT Population was
demonstrated in 4 of 10 patients (40%) at Year 1, 5 of 10 patients (50%) at Year 2 and 8
of 11 patients (73%) at Year 3.

One-year change in lymphocyte counts (cells/ulL)
Plots of geometric mean lymphocyte counts in peripheral blood over time in the ITT
Population showed a numerical increase over time between Year 1 and Year 3. In most
patients, lymphocyte counts decreased between baseline and the day of gene therapy,
increasing thereafter out to 3 years post-treatment.

Recovery of physical growth
While generally remaining below the 50th percentile, boys and girls showed increases in
weight and height over the period for which data were collected. The height of . who
was subsequently withdrawn from the study, remained below the third percentile at all
time points.

Need for reintroduction of PEG-ADA (in patients previously treated with PEG-ADA)
._required reintroduction of PEG-ADA for the management of autoimmune
phenomena.

Antibody response to vaccination
7 patients had records of vaccinations in the 0-3 years period post-gene therapy. Of
these, patients had antibodies to a range of infectious antigens at 1 or more time points
after discontinuing IVIG. Detectable antibodies to pertussis, diphtheria, tetanus toxoid, and
Haemophilus B were seen in . respectively, and corresponded with vaccination
records. .ﬁhad evidence of antibody production to hepatitis B surface antigen post

vaccination. also had discontinued IVIG and received immunizations in Year 3, but
did not have post-vaccination antibody response data available during 0-3 year follow-up.
Additionally, .had detectable antibodies to hepatitis B surface antigen and tetanus
toxoid without a corresponding vaccination record and was receiving IVIG at the time of
antibody assessment, which may have confounded the results. One remaining patient
(.) received a tick-born encephalitis vaccination 21.5 months after gene therapy but did
not have antibody responses available.

Comments . withdrew from the study at 2.3 years for BMT when an HLA-identical sibling/family member
became available.
Table C17 Summary of the interim results for AD1115611 LTFU
Study name | Long-term follow-up of ADA gene transfer into haematopoietic stem/progenitor cells for the

treatment of ADA-SCID
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Size of

14 in the study compared with a historical control of 15 patients

study

groups

Outcomes Survival

Primary 100% survival as of the data cut (May 2014). As there were no deaths, no statistical
analysis of fatal events could be carried out.

Outcomes Change in the rate of severe infections (defined as infections requiring hospitalisation or prolonging

Secondary | hospitalisation)

Four severe infections were reported in 4 patients in the LTFU (excluding Patient 1), with
the rate of infection estimated as 0.066 events per person-year of observation. There were
no severe infections during Year 3. As Year 3 post-treatment was used as baseline for this
LTFU report, no statistical analysis of change in the rate of severe infections from baseline
was performed and a p-value could not be obtained for comparison of the follow-up
infections rates with baseline. Two severe infections were reported between 4 and 5 years
after gene therapy (pneumonia in ._and pyoderma in .), decreasing to 1 severe
infection between 6 and 7 years (Varicella in |jil), and 1 between 10 and 11 years after
gene therapy (pneumonia in .). In addition, had a severe urinary tract infection at
Year 13. is excluded from the analyses because data regarding severe infections
before Year were not complete in the clinical database for this patient.

Change in T lymphocyte counts (cells/plL)

CD3+ T lymphocyte counts were generally stable over the course of the LTFU. Overalll,
lymphocyte subset counts remained relatively stable over the duration of the LTFU, and
statistical analysis showed no evidence of a consistent change over time compared with
LTFU baseline.

Modification of the ‘systemic’ metabolic defect, analysed by levels of purine metabolites in RBCs
Geometric mean RBC dAXP levels were consistently low throughout the follow-up and
remained below the pre-specified target of 100 nmol/mL in the majority of patients at all
time points.

Change in the proliferative response to polyclonal stimuli
Robust T cell proliferation responses (exceeding 20,000 cpm) to stimulation with anti-CD3
antibody were observed at the LTFU baseline and Year 8. Similarly, positive proliferative
responses (geometric mean and median values exceeding 100,000 cpm) to stimulation
with PHA were observed at the LTFU baseline and Year 8. Small patient numbers may
have contributed to the large variability observed at Year 8.

Change in thymic activity (TREC)

Geometric mean TREC levels were greater at Year 3 (LTFU baseline) than at Years 5 and
8 after gene therapy, i.e. a decrease was observed during LTFU, although levels remained
above the pre-treatment levels at all LTFU time points. Small patient numbers may have
contributed to the large variability observed at Year 8.

Presence of genetically modified cells in the bone marrow compartment and presence of >10%

genetically modified cells in peripheral blood lymphocytes
A trend toward an increase in bone marrow CD56+ natural killer cell VCN was observed in
the LTFU over time, although data were variable at Year 5. There was a similar trend in
bone marrow CD34+, CD19+ and CD15+ cells, but not for CD3+ cells. These apparent
trends should be considered relative to the small number of patients with data available at
the later time point (Year 8). Overall, therefore, engraftment was durable over the period of
follow-up.

Lymphocyte ADA enzyme activity
Lymphocyte ADA activity remained relatively stable over time in the LTFU with no
apparent upward or downward trend.

Change in lymphocyte counts (cells/pL)

Statistical analysis of log-transformed data for CD3+ T lymphocyte counts showed cell
counts were generally stable over 4 to 8 years, and there was no evidence of a consistent
change in CD3+ cell counts over the duration of follow-up

Recovery of physical growth
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Boys and girls showed increases in height and weight over the period for which data were
collected, within age-appropriate ranges; although they remained generally below the 50th
percentile, most patients continued to track along their original percentiles for growth. The
weight of . however, was below the third percentile for most of the LTFU period.

Need for reintroduction of PEG-ADA (in patients previously treated with PEG-ADA)

. received treatment with PEG-ADA throughout most of the LTFU, starting on
01 September 2005 (4.4 years after gene therapy). No reason for PEG-ADA
administration was recorded, but this patient, who was treated in Pilot Study 2, was
considered to have an unsuccessful response to gene therapy]. PEG-ADA treatment was
ongoing at the time of data cut-off. No other patient received PEG-ADA during the LTFU
period.

Antibody response to vaccination
During the LTFU, antibodies to a range of infectious antigens were reported for 11
patients. Antibodies were generally detectable at multiple time points during the LTFU and
in a number of patients, continuing from the 0-3 year follow-up, indicating long-lived
antibody production.

Table C 18

Summary of results for AD1117056 Pilot 2

Study name

A summary of the safety and efficacy for the first 3 years post-gene therapy for 2 patients treated
with Strimvelis

Size of study
groups

2 patients

Outcomes

Survival
100% survival
Change in rate of severe infections (defined as infections requiring hospitalisation or prolonging
hospitalisation)
No severe infections were reported between 3 months and 3 years after gene therapy:
the estimate of the rate of infection is 0 events per person-year of observation after gene
therapy, compared with 2.584 events per person-year of observation before gene
therapy.

Change inimphocyte counts (cells/uL)

Modification of the ‘systemic’ metabolic defect, analysed by levels of purine metabolites in RBCs

Change in the proliferative response to polyclonal stimuli
Ex vivo lymphocyte proliferation in response to a CD3 antibody or PHA stimulus showed

increases from baseline at Years 1,2 and 3 in .

Presence of genetically modified cells in the bone marrow compartment and presence of >10%
genetically modified cells in peripheral blood lymphocytes

Lymphocyt

(4]

ADA enzyme activity

Change in total lymphocyte counts (cells/pL)

Recovery of physical growth

go]

Need for reintroduction of PEG-ADA (in patients previously treated with PEG-ADA)

Antibody response to vaccination

gl

Comments
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Table C19 Summary of results for AD1117054 Pilot 1

Study name Treatment, clinical course and outcomes of the first patient treated with Strimvelis

Size of study 1 patient

groups

Outcomes The patient was alive at ._post gene therapy _), at which time . entered the LTFU of
Study AD1115611.

Table C 20 Summary of results for AD1117064 CUP
Study name | Treatment and outcomes for ADA-SCID patients that received Strimvelis under compassionate use

Size of 3 patients
study
groups
Outcomes Survival at 3 years post-gene therapy
Survival was 100%.
Change in the rate of severe infections (defined as infections requiring hospitalisation or prolonging
hospitalisation)
Change in the rate of severe infections (defined as those that led to or prolonged
hospitalisation) showed a reduction post-treatment, although the absolute number of
infections was low. Severe infections were not considered from the time of gene therapy to
3 months post gene therapy because patients were already hospitalized during that time

per protocol ||l
Change in lymphocyte counts (cells/pL)
Cell counts generally showed a post-baseline decrease associated with busulfan

conditioning and PEG-ADA discontinuation.
Modification of the ‘systemic’ metabolic defect, analysed by levels of purine metabolites in RBCs

Change in the proliferative response to polyclonal stimuli
While data were variable, patients showed a transient reduction in ex vivo proliferative
response, consistent with cytoreduction following busulfan. Increases in proliferation in
response to anti-CD3 and phytohaemagglutinin were observed in all
Change in thymic activity (TREC)
No clear pattern in thymic activity (TREC) was observed.
Presence of genetically modified cells in the bone marrow compartment and presence of >10%
genetically modified cells in peripheral blood lymphocytes

Lymphocyte ADA enzyme activity

Recovery of physical growth

Need for reintroduction of PEG-ADA (in patients previously treated with PEG-ADA)

Antibody response to vaccination
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9.6.2 Justify the inclusion of outcomes in table C9 from any analyses other

than intention-to-treat.

Not applicable.

97 Adverse events

9.7.1 Using the previous instructions in sections 9.1 to 9.6, provide details of
the identification of studies on adverse events, study selection, study

methodologies, critical appraisal and results.

No specific literature review was undertaken to identify studies on adverse
events over and above the review described in Section 9.1 Adverse event
information is provided for each study from the Strimvelis clinical programme in
Appendix 7. The methodology and critical appraisal of these studies is included
in Sections 9.4 and 9.5. Adverse events for the Integrated Population are
provided in Section 9.8. Additionally, safety information on other gene therapies
for ADA-SCID from studies identified in the literature search described in Section
9.1 is presented in Appendix 7.

9.7.2 Provide details of all important adverse events reported for each

study.

Adverse events for each study in the Strimvelis clinical programme are provided
in Appendix 7. Adverse events in the Integrated Population are discussed in
Sections 9.7.3 and 9.8.

9.7.3 Provide a brief overview of the safety of the technology in relation to

the scope.

Patient Exposure and Follow-Up

Safety data are available for 18 patients with ADA-SCID who received Strimvelis
in the clinical programme. Gene therapy with Strimvelis has led to the long-term
survival of 100% of the patients in the programme with median follow-up of

6.9 years and a maximum follow-up of 13 years.

Adverse Events

All 18 patients reported AEs. AEs were predominantly Grade 1 and Grade 2. The
Medical Dictionary for Regulatory Activities (MedDRA) System Organ Classes
(SOCs) with the most frequently reported AEs were infections and infestations,
investigations, blood and lymphatic system disorders, and skin and
subcutaneous tissue disorders. In each of these SOCs, the incidence rate of
events per 100 patient years was greatest during phases before or during
hospitalisation (pre-treatment, treatment, and 3-month hospitalisation phases)
compared with the follow-up phases (3 months and later). One patient had 2 AEs
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that were considered by the investigator to be possibly related to study treatment
(hepatic steatosis and white blood cell analysis abnormal).

Serious Adverse Events

Fifteen patients experienced SAEs. Infections were the most frequent SAEs
(device-related infections, gastroenteritis, and pneumonia). None of the SAEs
were considered by the investigator to be related to study treatment.

Infections

All 18 patients reported infection AEs. The 3 most frequently reported infection
AEs were normal, expected childhood infections: upper respiratory tract infection,
gastroenteritis, and rhinitis [Hay, 2005]. Serious opportunistic infections, which
are often observed in patients with immunodeficiencies, were not common; 1
patient each reported events of Aspergillus infection, gastroenteritis
cryptosporidial, and pulmonary mycosis. The majority of severe infections (12 of
15) were reported during the 3-month to 3-year treatment phase, which is not
unexpected as immune reconstitution occurs over time.

Busulfan-Related Adverse Events

AEs of cytopenias, elevations in transaminases and hypertension were observed
post-treatment, which generally resolved over time and were likely related to
busulfan conditioning.

CNS Abnormalities

Seventeen of 18 patients had a neurologic, CNS, or hearing impairment AE
reported at any time during the studies (including pre-treatment). Fourteen
patients had neurologic, CNS, or hearing conditions ongoing at Screening or
events during the pre-treatment phase of the studies. Ten of these 14 patients
also had events on or after Strimvelis gene therapy. The neurological events,
including the cognitive and audiological events, observed to date in some of the
patients treated with Strimvelis were similar to those observed in patients treated
with BMT or PEG-ADA [Rogers, 2001; Booth, 2007].

Leukaemia

No events indicative of leukaemic transformation have been reported with
Strimvelis. None of the 40 patients with ADA-SCID who have received gene
therapy with either Strimvelis (n=18) or other comparable gamma retroviral
vectors (n=22) with an extended follow-up period have developed leukaemia
[Mukherjee, 2013].

Autoimmunity

Overall, 12 patients reported a total of 27 AEs considered potentially related to
autoimmunity. Antinuclear antibody positive was the most frequently reported
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event. Four patients had 6 SAEs of autoimmunity (anti-neutrophil antibody-
induced neutropenia, autoimmune thrombocytopenia [2 events], autoimmune
aplastic anaemia, autoimmune hepatitis, and Guillain-Barré syndrome) and 2 of
these patients required reintroduction of PEG-ADA in order to attempt to restore
immune function and reduce the observed autoimmunity.

Conclusion

Overall, the safety findings of Strimvelis are in line with those expected in an
ADA-SCID population that has undergone busulfan conditioning and is
undergoing immune reconstitution. The very common adverse drug reactions
were those considered related to busulfan (anaemia, neutropenia, hepatic
enzyme increased, and hypertension) and those associated with immune
reconstitution (asthma, autoimmune hepatitis, dermatitis atopic, eczema,
hypothyroidism, pyrexia, and rhinitis allergic). Complications specific to
allogeneic BMT/HSCT (e.g., GvHD) were not observed as Strimvelis is an
autologous gene therapy.

9.8 Evidence synthesis and meta-analysis

9.8.1 Describe the technique used for evidence synthesis and/or meta-
analysis. Include a rationale for the studies selected, details of the

methodology used and the results of the analysis.

Integrated analyses were performed for the marketing authorisation application
for Strimvelis. Outcomes from the 5 studies in the Strimvelis clinical programme
(AD1117054 Pilot 1, AD1117056 Pilot 2, AD1115611 Pivotal, AD1117064 CUP,
and AD1115611 LTFU) have been integrated by a simple merging of all relevant
studies in support of the marketing authorisation application for Strimvelis.
Additional details on the integrated analyses are available in the Summary of
Clinical Efficacy Section 1.5 and the Summary of Clinical Safety Section 1.1.7.

In total, 18 patients who were treated with Strimvelis as of the clinical data cut-off
for the marketing authorisation application (08 May 2014) were included in the
integrated analyses. Efficacy data collected after receipt of a rescue intervention
(=3 continuous months of PEG-ADA or allogeneic HSCT occurring post-gene
therapy) were excluded from the analyses and data displays. This is an important
difference from the data presented for the individual studies. In this integrated
analysis, the decision was made to allow differentiation of any treatment effect
from the effects of rescue treatment (PEG-ADA or HSCT). Data for Patient 1, the
single patient enrolled in AD1117054 Pilot Study 1, from Years 0 to 12 were not
included in the integrated analyses, with the exception of the date of gene
therapy which was used to determine duration of follow-up, because compliance
with ICH GCP standards could not be confirmed. Safety data collected for Patient
1 as part of Study AD1115611 LTFU (Year | onward) were included in the
integrated safety data. Details of data handling for this patient are summarised in
Summary of Clinical Safety Section 1.1.7.1.
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Demographic and baseline characteristics and details of Strimvelis therapy are
provided in Table C 21. The median age of subjects at the time of Strimvelis
administration was 1.37 years (range 0.5 to 6.1 years). The Integrated Population
included patients from a variety of races and of both sexes. Four patients had
previously received an unsuccessful HSCT from a haploidentical donor, and

15 patients had previously received PEG-ADA.

Integration of comparator data is not considered feasible for reasons described in
Section 9.8.2.

Specification for company submission of evidence 81 of 252



Table C

21 Summary of Subjects Treated in the Strimvelis Clinical Programme

Subject

GSK study [Sex

Race Country of origin at Prior HSCT or Age at gene | GSK2696273 GSK2696273 VCN of Follow-up
diagnosis PEG-ADA, therapy, yrs | treatment date dose, CD34+ product duration,
duration cells x10%/kg yrsh
|| || || H || 85 228 |
| B | H H 09 NR H
H — H — — 2t 215
H — H — — 67 s | W
H — H — — 28 R
H — H — — 2 | W
n — n — — 46 w |
n — n — — 20 |
n — n — — 106 02 |
n — n — — 136 0t | |
H — H — — 107 s |
H — H — — .35 A
H — H H H i15 s | W
H — H — — 5 | we |
H — H — — 597 s | |
H — H — — 594 | |
H — H — — 591 A |
n — H — — s | o | |
— — — — — 29 i |

Abbreviations: AA = African-American/African heritage; F = female; HSCT=hematopoietic stem cell transplantation; iv = intravenous; M = male; NR = not reported; PEG-ADA =

polyethylene glycol adenine deaminase; haplo-SCT = haploidentical stem cell transplant; VCN=vectory copy number.
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data from Years 0 to [ limited to the date of gene therapy (for duration of follow-up and survival analysis) and data collected in Study AD1115611 LTFU (Jffonwards).
received a second dose of Strimvelis that did not include busulfan pre-conditioning.
The Year 8 visit for L was delayed from 2013 to 2014; therefore, full data were not available at the time of the integrated analysis.

had [ race incorrectly identified in the 0-3 year phase of AD1115611, which was later corrected as White/Arabic in the LTFU data set.

a

b

c

d.

e. his race incorrectly identified in the 0-3 year phase of AD1115611, which was later corrected as Asian in the LTFU data set.
f

g

h

Duration of follow-up calculated from date of last assessment relative to the date of gene therapy.
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9.8.2 If evidence synthesis is not considered appropriate, give a rationale
and provide a qualitative review. The review should summarise the
overall results of the individual studies with reference to their critical

appraisal.

Apart from the integrated analyses for the Strimvelis clinical programme
described above in Section 9.8.1, evidence synthesis using comparator data is
not considered appropriate or methodologically possible due to the heterogeneity
of the studies and their design: in particular, differences in the populations
studied, the inclusion and exclusion criteria, study duration, and endpoints. Even
after considering newer population-adjusted methodologies [Phillippo, 2016], a
formal indirect comparison was not considered possible due to the lack of a
common comparator arm, the extremely low patient numbers, and the lack of
data. Specifically, the lack of information on relevant population characteristics of
the studies providing information on efficacy after HSCT prevents proper
accounting for all effect modifiers and prognostic factors. In addition, given the
potential heterogeneity of the patients included in the literature on HSCT, it would
not be correct to assume this population to be closer to the population in England
than the Strimvelis Integrated Population itself.

The overall results of all studies identified in the literature search described in
Section 9.1 that provided comparator information relevant to the outcomes
defined in the decision scope are described qualitatively below for the purpose of
indirect comparison.

For each outcome defined in the decision scope, information from the Strimvelis
integrated analyses is presented followed by a qualitative description of the
available literature on competitor therapies. A table showing the detail of each
report will be provided for outcomes with a large number of relevant studies.
Tables are divided by donor type (MUD or haploidentical) and then arranged
chronologically by publication date of the reference. As many references provide
information on the same cohort of patients over time, cohorts have been grouped
together whenever this could be determined with older publications indented from
the most recent publication. Additional overlap of the cohorts is likely, particularly
for the larger registries and surveys.

Overall Survival

A 100% survival rate has been observed for all patients (N=18) who received
Strimvelis treatment in the Integrated Population, with a median follow-up time of
6.9 years. The 100% survival observed compares favourably to the 67% overall
survival rate following MUD HSCT reported in the historical control prespecified
in the pivotal AD1115611 study and also to the 71% overall survival following
haploidentical HSCT in the 2000s reported in that same reference; median
follow-up for HSCT regardless of donor source was 6.5 years [Hassan, 2012].
Intervention-free survival is discussed in the next section.
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Most literature reports included small numbers of patients with ADA-SCID who
received HSCT from a MUD or haploidentical donor (Table 26). In cohorts of at
least 5 patients, the overall survival rate following HSCT from a MUD ranged
from 60% to 71% [Booth, 2007; Gaspar, 2009; Hassan, 2012; Dvorak, 2014] and
following HSCT from a haploidentical donor ranged from 23% to 68% [Booth,
2007; Honig, 2007; Gaspar, 2009; Buckley, 2011; Hassan, 2012]. As survival
following HSCT has improved over time, the 71% overall survival following HSCT
from a haploidentical donor reported by the most recent reference for the most
recent time period (2000-2009) has been used for comparison in this document;
information on survival after HSCT from a MUD by time period is not available
[Hassan, 2012].
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Table C 22 Overall survival following HSCT from a MUD or haploidentical donor

Cohort Donor Type N FU Duration? | % Alive Cause of Comments Reference
at E E E Death
Writing R B B =
> 5 D5 >s
N || 0N
Brescia, MUD 4 6.5 yrs¢ (1.5- | 100% 4/4 3/3 | 3/3 NA 3 received conditioning | Baffelli, 2015
Italy 11.4) (n=4) and 1 did not. All BMT
1997-2013
Brescia, MUD 2 20-67 mos 100% 2/2 171 | 11 NA Both received Serana, 2010
Italy (n=2) conditioning
2002-
2010
Brescia, MUD 1 - 100% - - - NA Booth, 2007
Italy (n=1)
no date
PIDTC/ MUD 7 25(1.1-12.3) | 71% - - - Ongoing No conditioning, 1 BMT | Dvorak, 2014
IEWP-EBMT yrs for (n=5) parainfluenza | and 6 cord blood
Survey survivors (n=1),
: (n=5) ongoing neuro
1993-2012 (n=1)
ESID Survey | MUD 15 | 6.5yrsforall | 67% - - - - 3 were no conditioning | Hassan, 2012
1981-2009 donors
SCETIDE MUD 1 |- - 67% | - - - Gaspar, 2009
1968-2009/
Italy/Canada
1990-2009
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Cohort Donor Type FU Duration? | % Alive Cause of Comments Reference
at § § § Death
Writing I T =
>3 >3 >™3s
- 0 e N2 A Te ]
Italy/ MUD 3-11 mos 50% NA NA | NA Pulmonary Grunebaum,
(n=1) alveolar 2006
Canada proteinosis
(n=1)
1990-
2004
Texas MUD 30 mos 100% 11 NA | NA NA HSCT with conditioning | Patel, 2009
1998-2007 at 53 mos. Alive and in
elementary school at 7
years of age
London MUD - 60% - - - - Booth, 2007
no dates (n=3)
London MUD 2.3yrs 100% 11 NA | NA NA With conditioning Albuquerque,
(n=1) 2004
no dates
London MUD 0.3-2.8yrs 100% 1M NA | NA NA With conditioning Rogers, 2001
(n=2)
no dates
London MUD 1yr 100% 11 171 | 11 NA With partial Amrolia, 2000
(n=1) conditioning
no dates
Germany MUD mean 50% 1/2 12 | - CMV, Honig, 2007
1982-2006 14.6 yrs (4.6- | (n=1) adenovirus
22.2)among (n=1)
survivors in a
larger group
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Cohort Donor Type N FU Duration? | % Alive Cause of Comments Reference
at § § § Death
Writing I T =
>3 >3 >™3s
- 0 e N2 A Te ]
Case report | MUD 1 2.5 mos 0% NA NA | NA Respiratory Nofech-
insufficiency Mozes, 2007
9 mo old boy, and
Toronto, multiorgan
1991-2007 failure
Newcastle MUD 3 - 67% - - - - Umbilical cord blood Bhattacharya,
2000-2004 (n=2) transplants only, 2005
conditioning in 1
Newcastle MUD 1 3.5yrs 100% 11 11 | NA NA BMT with conditioning Gennery, 2001
1987-1998 (n=1)
ESID Survey | Haplo¢ 30 [ 6.5yrsforall | 43% - - - - Survival by decade: Hassan, 2012
1981-2009 donors 40% (n=20) before
1991, 0% (n=3) 1991-
2000, and 71.4% (n=7)
2000-2009
6 patients did not have
conditioning
Duke Haplo 19 | 1.5-25.8 yrs 68% - - - - None Buckley, 2011
1982-2010 (n=13)
Duke Haplo 19 | - 74% - - - Viral Booth, 2007
(n=14) infections
1984- (n=4);
2006 pulmonary
hypertension
(n=1)
Specification for company submission of evidence 88 of 252




Cohort Donor Type N FU Duration? | % Alive Cause of Comments Reference
at § § § Death
Writing I T =
>3 >3 >™3s
- 0 e N2 A Te ]
Duke Haplo 13 | 1.1-175yr 77% - - - - Buckley, 2000
(10/13)
1981-
2000
SCETIDE MMFD (mainly | 30 | - - 43% | - - Majority of deaths Gaspar, 2009
1968-2009/ haploidentical) occurred in first few
mos after HSCT
Italy/Canada
1990-2009
London Haplo 13 | - 23% - - - - Booth, 2007
no dates (n=3)
London Haplo 3 13.3-19.5yrs | 100% 3/3 3/3 | 3/3 NA Albuquerque,
(n=3) 2004
no dates
London Haplo 2 12.9-17.5yrs 100% 2/2 2/2 | 2/2 NA 1 with conditioning Rogers, 2001
(n=2)
no dates
Germany Haplo 6 mean 14.6 67% 4/6 4/6 | - Aspergillosis 2 PBSC, 4 BMT Honig, 2007
1982-2006 yrs (4.6-22.2) | (n=4) (n=2)
among
survivors in a
larger group
Paris Haplo 4 - 0% - - - - Booth, 2007
no dates
Netherlands | Haplo 1 15.1 yrs 100% 11 171 | 11 NA With conditioning Borghans,
1968-1997 (n=1) 2006
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Cohort Donor Type FU Duration? | % Alive Cause of Comments Reference
at § § § Death
Writing I T =
>3 >3 >™3s
- 0 e N2 A Te ]
Case Report | Haplo 40 days 0% 0N 0/1 | 01 EBV- Monforte-
8 year old associated Mufioz, 2003
girl, Los leiomyomatosi
Angeles, no s and _
date polymorphic
lymphoprolifer
ative disorder,
adenovirus,
cryptosporidiu
m
Newcastle Haplo 10.5 yrs 100% 11 171 | 11 NA Gennery, 2001
1987-1998 (n=1)

Abbreviations: -=not reported; BMT=bone marrow transplant; CMV=cytomegalovirus; EBV=Epstein-Barr virus; ESID=European Society of Inmunodeficiency Diseases; FU=follow-up;
Haplo=haploidentical; HSCT=haematopoietic stem cell transplantation; IEWP-EBMT=Inborn Errors Working Party of the European Blood and Marrow Transplant Society;
MMFD=mismatched family donor; mos=months; MUD=matched unrelated donor; NA=not applicable; PBSC=peripheral blood stem cells; PIDTC=Primary Immune Deficiency Treatment
Consortium; SCETIDE=stem cell transplantation for immunodeficiencies; tx=treatment; wks=weeks; yr=year

oo oo

Reported as median and/or range unless otherwise noted.
Presented as number alive over number followed for at least 1, 3, and 5 years, respectively, including previous deaths, or % survival if presented in paper as such.
Median calculated from data
Haploidentical donors were antigen mismatched at >2 loci.
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Intervention-Free Survival

Intervention-free survival was defined in the Strimvelis clinical programme as
survival without post-gene therapy PEG-ADA use for a continuous period of

=3 months, SCT, or death. No deaths have occurred in the Strimvelis clinical
programme. Intervention-free survival represents a sensitivity analysis of the
overall survival rate.

Three patients (-{am the AD1115611 Pivotal study, ] from the AD1117056
Pilot 2 study, and jji§ from the AD1117064 CUP) required long-term PEG-ADA
post-gene therapy. Two patients (Jj from the AD1115611 Pivotal study and |||}
from the AD1117064 CUP) each received a post-gene therapy HLA-matched
sibling donor HSCT, both of whom had started continuous PEG-ADA prior to
withdrawing from their respective study to receive a SCT.

Therefore, 14 of 17 patients (82%) with available data were considered to have
met the criteria for intervention-free survival by the time of data cut-off. One
patient treated in a pilot study did not have PEG-ADA re-introduction data, and
thus was excluded from the intervention-free survival in the Integrated
Population. The 82% intervention-free survival rate in the Integrated Population
compares favourably to the 67% overall survival rate following MUD HSCT and
the 71% overall survival rate following haploidentical HSCT reported by Hassan
et al [Hassan, 2012].

Intervention-free survival, defined as survival without receipt of a post-gene
therapy SCT or >3 months continuous PEG-ADA, was only reported in the
Strimvelis clinical programme. Comprehensive reference data on intervention-
free survival following HSCT are not available; however, when reported in the
literature, information on subsequent treatments after HSCT is provided here.
The 82% intervention-free survival rate observed in the Strimvelis integrated
population compares favourably to the calculated intervention-free survival for all
reports from HSCT from a MUD or haploidentical donor. Interpretation of the
information is limited as a standard definition of intervention-free survival is not
being used and information, such as follow-up PEG-ADA use, may be missing
from the literature references.

None of the 7 patients in the PIDTC/IEWP-EBMT survey with ADA-SCID treated
with HSCT without conditioning from a MUD received a second HSCT. PEG-ADA
use was not reported. The survival in this cohort was 71% [Dvorak, 2014].

The 67% overall survival for MUD HSCT (N=15) percentage reported by Hassan
et al includes one patient (7%) who required a second transplant. The 71% (5/7)
overall survival for haploidentical HSCT percentage reported by Hassan et al for
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procedures performed in the 2000s includes 1 patient who proceeded to receive
gene therapy and 1 patient who received long-term PEG-ADA, required a second
HSCT from a new matched sibling donor, and subsequently died. Therefore,
intervention-free survival, defined as survival without GT or further HSCT, was
42.9% for haploidentical SCT performed in the 2000s in this cohort. In addition,
Hassan et al reported 52% overall survival among 52 children who received
transplants from donor sources other than matched siblings or family members.
Nine of these patients went on to receive at least one additional transplant,
indicating that less than half of patients receiving non-sibling/family matched
HSCT survived the transplant procedure without the need for additional
intervention. Note that Hassan et al did not report on patients (if any) who
required reintroduction of PEG-ADA in addition to repeat transplantation
[Hassan, 2012].

New techniques have been explored, but outcomes reported in the literature
since 2000 for patients with ADA-SCID have not been superior to normal
transplant techniques. Of 19 patients treated with HSCT without conditioning
from T-cell depleted haploidentical parental marrow between 1984 and 2006 at
Duke, 14 (74%) survived and 5 of those went on to receive continuous PEG-ADA
while awaiting gene therapy; however, the exact length of PEG-ADA treatment
was not reported. Two additional patients subsequently received GT. This would
equate to an intervention-free survival rate of 36.8% (7 of 19) if intervention-free
survival was defined as survival without receipt of post-therapy PEG-ADA or GT.
Follow-up duration was not reported [Booth, 2007]. Results were also reported
for the same centre at earlier timeframes [Buckley, 2000; Booth, 2007]. No other
sources reported information on PEG-ADA use or subsequent treatment after
HSCT from a MUD or haploidentical donor for patients with ADA-SCID.

Immune Function

Rate of Severe Infections

The rate of severe infections (defined as those that led to hospitalisation or
prolonged hospitalisation) for the Strimvelis Integrated Population before gene
therapy was compared with the rate after gene therapy (not including the
3-month period after gene therapy during which patients were already
hospitalised). The rates of severe infections were reduced post-gene therapy
(0.26 for 4 months to 3 years and 0.17 through 8 years of follow-up) when
compared with the pre-gene therapy period (1.17). The pre- gene therapy
infections may have been under-reported as they were collected as part of the
patient history and screening (including carer-recalled infections from birth up to
the time of gene therapy) rather than prospectively reported.

A total of 15 severe infections were reported after Strimvelis treatment and most
of these infections (12/15 events) occurred during the 3-year follow-up, which is
not unexpected as immune reconstitution occurs over time and because patients’
CVCs (which can become infected) remained in place long-term during the

0-3 years follow-up period. All severe infections in the Strimvelis programme
were reported as resolved.
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The most frequently reported severe infections were device-related infections
(n=5) and gastroenteritis (n=3); the device-related infections were expected due
to long-term placement of CVCs, and gastroenteritis is a common childhood
illness. Of note, 2 patients reported Varicella infection (Jff) and one patient had
Staphylococcal sepsis ().

Table C 23 Summary of severe infections pre- and post-gene therapy
(Integrated Populations)

Integrated Population=
(N=18)
Pre-GT Post-GT®
Na 17 17
Number of patients with events, n (%) 14 (82) 10 (59)
Number of events
Total 40 15
4 months to 3 years follow-up® 12
4 to 8 years follow-up 3
Person-years of observation (free from infection)
Total
4 months to 3 years follow-up® 34.30 22523:13
4 to 8 years follow-up 43.49
Rate of infectionc '
Total
4 months to 3 years follow-up® i 8;575
4 to 8 years follow-up 0.07
Number of occurrences per patient, n (%) '
n 14 10
1 4(29) 7(70)
2 4 (29) 1(10)
>3 6 (43) 2 (20)

Abbreviations: GT = gene therapy.

Note: Only data collected prior to PEG-ADA intervention (>3 months of treatment with PEG-ADA) are included.

a. [ (Pilot 1 Study) is excluded from this analysis as this patient’s data regarding severe infections prior to
Year 13 are not included in the clinical database.

b. Excludes 3-month hospitalisation period post-gene therapy.

c. Rate of infection estimated as number of infections over person-years of observation (free from infection)

Severe infections, defined as infections that led to or prolonged hospitalisation,
were not clearly reported by that definition in the available literature for HSCT.
However, infections that were reported in the literature for HSCT are discussed
below under adverse events and provided in Table C 28. Several infections,
including infections resulting in deaths, were reported but details were limited in
many cases and not enough information was provided to determine a severe
infection rate after HSCT.

Lymphocyte Counts
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In the Strimvelis clinical programme, lymphocytes in general and CD3+ T cell
counts in particular were increased compared to baseline. This clinically relevant
increase was demonstrated from Year 1 post-treatment and maintained
throughout the duration of follow-up (Table C 24). In contrast, changes from
baseline were variable for CD19+ B cells and CD16+ CD56+ NK cells, with
counts for both cell types decreasing from baseline to Year 1 and then increasing
above the Year 1 counts from Year 2 onwards. As per the marketing
authorisation application , cell counts were log transformed for analysis because
the data violated assumptions of normality. In the pivotal AD1117054 study,
CD3+ cells increased from a median (range) of 88.0 x 10%/L (19-2718 x 106/L) at
baseline to 828 x 10°/L (309-2458 x 10%/L) at 3 years after gene therapy.

Table C 24 Summary statistics for log-transformed lymphocyte subsets

Cell marker Integrated Population
Visit (N=18)
n Geo mean Median
(95% Cl), x108/L (min-max), x108/L

CD3+

Baseline 15 | 146.4 (53.1,403.3) 88.0 (19-5708)

Month 6 16 | 207.5(133.9, 321.7) 219.5 (41-580)

Year 1 15 | 473.8 (336.6, 666.9) 502.0 (139-1929)

Year 2 15 | 664.0(478.2,921.9) 591.0 (222-2034)

Year 3 14 | 774.2 (485.0,1235.7) 859.5 (124-2768)

Year 4 10 | 673.1(467.6, 969.0) 604.5 (317-1480)

Year 5 10 | 802.3(525.0, 1226.1) 816.0 (266-1844)

Year 6 6 | 1478.3(825.0,2649.1) 1325.5 (658-2911)

Year 7 6 | 907.3(393.5,2092.0) 1097.0 (203-1738)

Year 8 3 | 1214.5(728.7-2024.1) 1356.0 (958-1379)
CD19+

Baseline 15 | 114.8 (404, 326.3) 213.0 (1-488)

Month 6 16 | 18.6(10.2, 34.1) 22.5(0-95)

Year 1 15 | 50.7 (31.0, 83.1) 55.0 (10-221)

Year 2 15 | 69.0(37.6, 126.6) 86.0 (5-252)

Year 3 14 | 72.7(30.5,173.4) 86.0 (1-380)

Year 4 10 | 65.8(22.9, 188.9) 67.5 (2-542)

Year 5 10 | 54.9(16.9, 177.6) 56.5 (0-318)

Year 6 6 |112.4(53.3,237.3) 85.0 (51-335)

Year 7 6 |72.1(13.9,372.8) 141.5 (3-161)

Year 8 3 ] 176.6(52.9,589.1) 136.0 (131-309)
CD16+CD56+

Baseline 15 | 60.6 (34.4,107.0) 58.0 (10-341)

Month 6 16 | 16.6(6.7,41.2) 18.5 (0-173)

Year 1 15 | 27.0 (14.5,50.2) 24.0 (2-237)

Year 2 15 | 51.0(29.3, 88.8) 51.0 (5-210)

Year 3 14 | 52.9(22.9,122.5) 70.5 (3-540)

Year 4 10 | 41.1(13.0,129.7) 35.5 (1-261)

Year 5 10 | 40.4(11.0, 147.8) 72.5 (2-368)

Year 6 6 | 138.7(28.6-672.3) 178.5 (20-1349)

Year 7 6 | 126.0 (44.1, 360.5) 105.5 (41-680)

Year 8 3 | 109.9(33.8, 356.7) 108.0 (69-178)

Abbreviations: Cl = confidence interval; Geo mean = geometric mean; max = maximum; min = minimum; NK=natural

killer.

Note: An imputation was applied to any value where the observed value=0 in order to log-transform the data.
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CD16+ CD56+ NK cell data were not reported separately for Pivotal population.
Cell counts from the available literature in patients with ADA-SCID after HSCT
from a MUD or haploidentical donor are presented in Table C 25. Interpretation
of the literature search results is limited by differences in the method (cell counts
versus number normal) and timing of reporting as well as whether data are
reported for all patients or only survivors. In general, many but not all patients
with ADA-SCID were able to achieve normal cell counts after HSCT from a MUD
or haploidentical donor. As a comparison, at the time of last follow-up in the
Hassan et al report [Hassan, 2012] (median of 6.5 years regardless of SCT
donor source), the total lymphocytes; CD3+, CD4+, and CD8+ T cell counts; and
CD19+ B cell counts for all donors were similar to those observed in the
Strimvelis programme after a median follow-up of 6.9 years.
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Table C 25

Immune function after HSCT from a MUD or haploidentical donor

Cohort Dono | N| FU CD3+ CD4+ CD8+ CD19 NK cells | TREC # not on | Vaccinatio | Referenc
r Duration?® | (cells/ (cells/ (cells/ (cells/ (cells/ (copies/ | IVIG n e
Type mm?)b mm?3)P mm?)P mm?3)P mm3)b ;00 ng)"I Response
#normal | # hormal | # normal | # normal | # normal norma
Brescia, MUD | 4| 6.5 yr¢ - (2/4) - - - (3/4) - (1/4) 3/4 3 yes, 1 NA | Baffelli,
Italy (1.5-11.4) 2015
1997-2013
Brescia | MUD | 2| 20-67 - (0/2) - - - (2/12) - 0/2 1/2 11 Serana,
, Italy mos 2010
2002-
2010
PIDTC/ MUD | 5| 2.5(1.1- 1328 506 613 47 98 - 2/5 - Dvorak,
IEWP- 12.3) yrs (assesse | (assesse | (assesse | (assesse | (assesse (assesse 2014
EBMT d for d for d for d for d for d for
Survey survivors | survivors | survivors | survivors | survivors survivors
: only, only, only, only, only, only,
1993-2012 n=5/7) | n=5/7) |n=5/7) |n=5/7) | n=5/7) n=5/7)
ESID MUD | 7| 6.5yrsfor | 71% 86% - mean - - 5/7 - Hassan,
Survey all donors | >1000 at | >300 at 2 ~100 2012
1981-2009 2yrs yrs
Texas MUD 1| 30 mos. 1,851 - - - - - 11 17 Patel,
1998-2007 (171) 2009
Germany MUD 1] 3.2 yrs 1,580 850 500 470 - - 11 1/1 Tet/Dip Honig,
1982- (assesse | (assesse | (assesse | (assesse (assesse | assessed 2007
2006 d for d for d for d for d for for survivor
survivor | survivor | survivor | survivor survivor | only, n=1/2)
only, only, only, only, only,
n=1/2) n=1/2) n=1/2) n=1/2) n=1/2)
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Cohort Dono | N| FU CD3+ CD4+ CD8+ CcD19 NK cells | TREC # not on | Vaccinatio | Referenc
r Duration® | (cells/ (cells/ (cells/ (cells/ (cells/ (copies/ | IVIG n e
Type mm?d)b mm3)b mm?)b mm3)b mm3)b 100 ng)® Response
# normal | 4 # normal
normal | # normal | # normal | # normal
Canada/ MUD 1] 11 mo - - - - - - - Pos Tet/Pol/ | Grunebau
Italy Hep B m, 2006
1990-2004 (assessed
for survivors
only, n=1 of
2)
Newcastle | MUD 1| - - - - - - - 11 1/1 Tet/Hb Bhattacha
2000-2004 (assesse | (assessed rya, 2005
d for for survivor
survivor | only, n=1 of
only, n=1 | 3)
of 3)
Newcastle | MUD | 1| 3.5yrs Overall T | Overall T | Overall T | - - - 1M - Gennery,
1987-1998 count low | count low | count low 2001
London MUD | 1] 1yr. ~700 - ~350 — ~300 - ~200 - - - - Amrolia,
no dates 800 400 400 2000
ESID Haplo | 9| 6.5 yrsfor | 63% at2 | 100% at | - mean - - 77 - Hassan,
Survey all donors | yrs 2 ~400 2012
1981-2009 yrs
Germany Haplo | 4| 20.9 yrse¢ 18954 10354 6604 260 - - 4/4 4/4 Tet/Dip | Honig,
1982- (4.4-21.5 | (3/3) (3/3) (3/3) (3/3) 2007
2006 yrs)
Newcastle | Haplo | 1| 10.5 yrs Overall T | Overall T | Overall T | Overall - - 11 Gennery,
1987-1998 count low | count low | count low | low B- 2001
cell

Abbreviations: -=not reported; DIP=diphtheria; ESID=European Society of Inmunodeficiency Diseases; FU=follow-up; Haplo=haploidentical; Hb= Haemophilus influenzae type b; Hep B=hepatitis B; HSCT=haematopoietic stem cell
transplantation; IEWP-EBMT=Inborn Errors Working Party of the European Blood and Marrow Transplant Society; mos=months; MUD=matched unrelated donor; NA=not applicable; PIDTC=Primary Immune Deficiency Treatment
Consortium; pol=polio; TET=tetanus; yr=year

a.  Reported as median and/or range unless otherwise noted.

b.  Most recent values reported unless otherwise specified. Mean or median as reported in the literature.

c.  Median calculated from data

d.  Median calculated from 4 children with reported values. Age-appropriate normal range was only reported for 3 children; therefore, number normal is based on 3 children.
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Thymopoiesis

T cell receptor excision circles (TREC) are DNA fragments formed in T cells
during the T cell receptor generation which occurs during the development of T
cells in the thymus. They are non-replicative; thus, when immune cells divide in
response to antigen the TREC do not. For this reason, their presence in
peripheral blood T cells is a useful marker of thymic activity (i.e., production of
newly formed naive CD45RA+ T cells). The contribution of the thymus to immune
development in adults has historically been unclear; however, an age-related
decrease in thymus size and activity is expected as children approach
adolescence and the thymus atrophies [den Braber, 2012].

In the pivotal AD1115611 population, the between-patient variability in thymic
activity (as measured using TREC) observed at baseline was likely due to the
fact that all patients were receiving PEG-ADA prior to gene therapy, which has
been reported to have a variable effect on thymopoiesis [Booth, 2007;
Malacarne, 2005; Gaspar, 2006]. TREC in peripheral blood lymphocytes were
increased above baseline from Years 1 to 3 post-treatment, and gradually
declined (though remained greater than baseline) at Years 5 and 8. The maijority
of patients had TREC values at or exceeding 100 copies/ng DNA, up to
approximately 1000 copies/ng DNA. These post-gene therapy values are broadly
in line with those reported for healthy age-matched children, and are in contrast
with TREC levels in children with SCID which are generally very low or below the
limit of detection [Morinishi, 2009; Somech, 2011]. Furthermore, by Year 1, naive
T cell (CD4+ CD45RA+) counts were increased relative to pre-treatment counts
and were consistent over the duration of follow-up, providing further evidence of
robust T cell function after gene therapy. A similar trend was observed in the
Integrated Population.

The increase in TREC observed beginning at Year 1 after gene therapy
corresponds with increased T cell counts from Year 1 onwards, in particular the
emergence of increased numbers of peripheral CD4+ CD45RA+ naive T cells
that are the product of thymic selection and successful recombination of T cell
receptor chains in thymocyte precursors from the bone marrow. It also is in line
with the decline in severe infection rates from Year 1 onwards after gene therapy.
Additionally, some of the apparent decrease in TREC at later time points may not
be unexpected in the context of the normal physiology of the thymus associated
with aging. Together, these endpoints are supportive of a strong T cell-mediated
immune system following gene therapy.

Two references reported information from the same centre on TREC levels in
patients with ADA-SCID following HSCT from a MUD [Serana, 2010; Baffelli,
2015]. In the most recent reference, TREC levels were normal in 1 of 4 patients.
No references reported information on TREC levels in patients with ADA-SCID
following HSCT from a haploidentical donor (Table C 25).
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Use of Intravenous Immunoglobulin (IVIG)

In the Strimvelis Pivotal Population (AD1115611), all 12 patients were receiving
IVIG replacement at the time of screening, and all received post-gene therapy
maintenance IVIG. Seven patients () were able to discontinue IVIG
replacement during the 0-3 years follow-up. Nine of 12 patients (75%) had
discontinued IVIG replacement therapy at the time the data cut-off date (08 May
2014). Two patients (JJlf) continued to receive maintenance IVIG and one
additional patient (jlf) who had an unsuccessful response to gene therapy
received IVIG replacement until withdrawal from the study to [J}. Thus,
replacement IVIG use declined as follow-up progressed in Years 4 to 8 after
gene therapy, providing evidence for functional B cell and immunoglobulin
production in the periphery.

Supportive studies for Strimvelis were similar with regard to IVIG use pre- and
post-gene therapy. Both patients in Pilot Study 2 (AD1117056) received IVIG
replacement therapy at the time of screening, which was stopped for . within 18
months of gene therapy. However, [}, who had an unsuccessful response to
gene therapy, has continued to receive IVIG throughout the duration of follow-up.
In the CUP (AD1117064), ] had reported IVIG therapy ongoing at screening,
which continued during post-gene therapy 0-3 years follow-up, and was ongoing
as of the clinical data cut-off (08 May 2014). Replacement IVIG use for ] was
reported to begin 3 days post-gene therapy and was discontinued by
approximately 18 months post-gene therapy.

Discontinuation of IVIG reported in the literature for patients with ADA-SCID after
HSCT from a MUD or haploidentical donor is presented in Table C 25. Hassan et
al evaluated IVIG discontinuation and reported that among survivors of MUD
transplant with available data (N=7), all but 2 had discontinued IVIG after HSCT
following normalization of serum immunoglobulin production. IVIG
discontinuation was also reported for 7 of 7 survivors after HSCT from a
haploidentical donor [Hassan, 2012]. Note that the timing of post-transplant IVIG
discontinuation in this historical reference was not given, and the median time of
follow-up post-HSCT was 6.5 years (cited for all HSCT recipients regardless of
donor source). These data were also reported only for the surviving HSCT
recipients, whereas in the Strimvelis programme all gene therapy recipients
(100%) are survivors. In the most recently reported survey, 2 of 5 survivors
(excludes 2 patients who died) were able to discontinue use of IVIG after HSCT
from a MUD [Dvorak, 2014].

Vaccination Response

In the Strimvelis AD1115611 Pivotal Population, a majority of patients had
antibodies to a range of infectious antigens at one or more time points after IVIG
had been stopped, reflective of B cell antibody forming capacity after gene
therapy. Among the 9 patients who discontinued IVIG therapy post-gene therapy,
detectable antibodies to pertussis, tetanus toxoid, and hepatitis B surface antigen
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were seen in 9, 9, and 7 patients, respectively, and corresponded with
vaccination records for these patients with the exception of [Jj, for whom
vaccination records were not available. ] also had detectable antibodies to
diphtheria and Haemophilus B. . had a record of receiving live attenuated
measles mumps rubella (MMR) vaccination and had detectable antibodies post-
vaccination. Antibodies were generally detectable at multiple time points during
follow- up, and in a number of patients were continuing from the 0-3 years follow-
up, suggesting long-lived antibody production.

Detectable antibodies to infectious antigens were also reported for patients in the
supportive studies. In Pilot Study 2 (AD1117056), ] demonstrated durable
antibody forming capacity to diphtheria, tetanus toxoid, and hepatitis B
vaccinations after IVIG was stopped, and was also able to mount a robust
response to Haemophilus B vaccination. This patient also had a record of
detectable rubella and rubeola antibodies after vaccination for MMR that
remained stable 3 years after immunization without further booster. Antibody
forming capacity following vaccination was also observed in the one CUP patient
() with vaccination and antibody response data available after IVIG
discontinuation. This patient had antibodies detected to diphtheria, pertussis,
Haemophilus B, and tetanus toxoid at 10 months post-vaccination that remained
stable 1 year later with no further booster.

Detailed information on vaccine response after HSCT from a MUD is not
available, but successful vaccine response has been reported in a few patients
[Bhattacharya, 2005; Grunebaum, 2006; Honig, 2007; Patel, 2009; Baffelli, 2015]
(Table C 25). Vaccine response after HSCT from a haploidentical donor has not
been reported in the literature.

Non-Immunological Aspects of ADA-SCID (Including Neurological and
Developmental Effects)

A manual MedDRA query for neurologic, CNS, and hearing AEs showed 17 of
the 18 patients in the Strimvelis programme had events during treatment or post-
treatment (J.had no events), and many patients reported events pre-treatment.
The most frequently reported event was cognitive disorders (5 patients). The
other events reported in more than 1 patients were deafness (2 patients),
bilateral deafness (2 distinct patients to those reporting ‘deafness’), and
psychomotor hyperactivity (3 patients). A standardized MedDRA query for
hearing impairment identified 9 patients with 12 AEs during treatment or post-
treatment, with the median time to onset being 2.90 years (range 0.16 to 12.47).
Fourteen of the 17 patients with neurologic, CNS, or hearing events on or after
gene therapy had either relevant conditions ongoing at Screening or events
during the pre-treatment phase. Nine of these 10 patients were on PEG-ADA
prior to gene therapy. It is noteworthy that parental consanguinity was reported in
9 of 18 patients.

Similarly, presence of sensori-neural deafness and neurological and behavioural
abnormalities has been consistently reported among patients treated with BMT
[Booth, 2007]. The neurological events present at baseline and observed in
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LTFU in the Strimvelis programme are similar to those observed in patients
treated with BMT [Rogers, 2001] in which BMT does not appear to prevent the
appearance of these events. Like BMT, Strimvelis was not expected to impact
neurological events as evidenced by the finding of these events at baseline and
throughout the LTFU. These events may be directly related to the underlying
disease of ADA-SCID, comorbidities (e.g., Arnold Chiari malformation), to
infections that patients may have experienced (e.g., meningitis, otitis media) or to
other medications received (e.g., antibiotics such as gentamycin).

Development of a functional immune system and a decrease in severe infection
rates are both critical to ongoing physical growth. The maijority of treated children
in the Strimvelis clinical programme either maintained or improved their age-
appropriate height and weight relative to standard curves, but several had height
or weight measures that transiently fell below their individual growth curves at a
few time points. Shifts in growth from above the fifth percentile to below this
threshold were uncommon.

Information on quality of life (QoL) measures, including school attendance, is
presented in Section 10.1.3.

Further effects of HSCT from a MUD or haploidentical donor on the non-
immunological aspects of ADA-SCID have not been systematically described.
Reports of neurological events and developmental/growth delays in the literature
are provided in Table C 26.
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Table C 26 Non-immunological aspects of ADA-SCID (including neurological and developmental effects) after
HSCT from a MUD or haploidentical donor

Number of subjects (% of subjects)
Cohort Donor FU c - Specific Comment | Reference
Type Duration? > | s —~ | £ | Conditions |s
e |3 |8 g |(f
& |8 |2 |o |o2E g 85 sg|Reported)
5 s = £ Sl 22 £ 58 23
5 8 |€ |s |NogEl29 8
2 |z |2 |2 |8 3822 a&§48°
Germany MUD 3.2 yrs. 0 0 0 0 0|0 - - Only Honig,
1982- assessed 2007
2006 in long
term
survivors
(n=1 of
original 2)
Italy/ MUD 11 mos 0 - - - - - - - Grunebau
Canada m, 2006
1990-2004
London MUD 2.3 yrs - - - 0 - |- - - Albuquerqu
(no dates) e, 2004
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Number of subjects (% of subjects)

Cohort Donor | N | FU Specific Comment | Reference

Type Duration? Conditions | s
(If
Reported)

Hyperactivity
Cognitive
function/
learning
Behavioural/
emotional
Developmental
| Growth

N1 Motor function
™! Hearing
©| Seizure

N
N
—~
N
)
1
1

Germany Haplo | 4 | 20.9 yrsb Reduced Honig,
1982- (4.4-21.5 50) expressive 2007
2006 yrs) speech
(n=1),
attention
deficit (n=2),
hyperactivit
y (n=1),
learning
disability
(n=2,
generalized
muscular
hypertonia
(n=1), fine
motor and
coordination
deficit (n=1)

‘g ™| Neurologic

~
2
o
=
—_~

Netherlands | Haplo |1 | 15.1 yrs 1 - - - - 1 1(100) | - - Spastic Borghans,
(100) diplegia, 2006
1968-1997 retardation,
and learning
problems
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Number of subjects (% of subjects)

Cohort Donor | N | FU Specific Comment | Reference
Type Duration? Conditions | s
(If

Reported)

Neurologic
Hyperactivity
Motor function
Seizure
Cognitive
function/
learning
Behavioural/
emotional
Developmental
| Growth

! Hearing

Requires Albuquerqu
00) hearing aids e, 2004
(n=1);
moderate to
severe
deafness
(n=1);
moderate
high
frequency
deafness
(n=1)

London Haplo | 3 | 13.3-19.5
(no dates) yrs

—~~
—_

Abbreviations: -=not reported; FU=follow-up; Haplo=haploidentical; HSCT= hematopoietic stem cell transplant; mos=months; MUD=matched unrelated donor; yr=year

a. Reported as median and/or range unless otherwise noted.
b. Median calculated from data.
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Need and Duration of In-Patient Treatment

In the Strimvelis clinical programme, patients were hospitalised for a median of
45 days (range: 34 to 110 days) after receipt of gene therapy, and we expect that
patients who receive Strimvelis in the future will be hospitalised for a similar
period (average 50 days).

The UK Stem Cell Strategy Oversight Committee guidelines on Unrelated Donor
Stem Cell Transplantation in the UK states that recovery from HSCT typically
takes 4-8 weeks as an inpatient [NHS, 2014].

Adverse Effects of Treatment

As would be expected given the nature of the disease under study, all patients in
the Strimvelis clinical programme experienced an AE on or after gene therapy
(Table C 27). The MedDRA SOCs with the most frequently reported AEs were
infections and infestations, investigations, blood and lymphatic system disorders,
and skin and subcutaneous tissue disorders. For each of these SOCs, the AE
density (exposure adjusted incidence of events per 100 patient years) for the
SOC was greatest during a phase before (pre-treatment phase) or during
hospitalisation (treatment and 3-month hospitalisation phases) compared with the
AE densities recorded for follow-up phases beginning 3 months post Strimvelis
gene therapy and later. The timing suggests that the infection AEs observed are
related to the low-dose chemotherapy conditioning provided before Strimvelis
and immune reconstitution within the first 3 months after administration of
Strimvelis.

Due to the autologous nature of Strimvelis, no GvHD AEs were observed.

Table C 27 Summary of adverse events reported in 3 or more patients, by
System Organ Class and Preferred Term (Integrated Population)

3 Months
to 4-7 >8
System Organ Class 3-Month 3 Years Years Years
Preferred Term, Pre- Hospitali-  Follow-  Follow-  Follow
Treatment  Treatment sation up up -up Total
(data presented as n [%)]) (N=17) (N=17) (N=17) (N=17) (N=13) (N=6)  (N=18)
Infections and 12 (71) 2(12) 14 (82) 17 (100)  12(92)  5(83) 18
infestations (100)
Upper respiratory tract 1(6) 0 3(18) 8 (47) 5(38) 1(17) 12 (67)
infection
Gastroenteritis 2(12) 0 2(12) 8 (47) 2 (15) 0 10 (56)
Rhinitis 2(12) 0 0 8 (47) 3(23) 0 9 (50)
Bronchitis 0 0 1(6) 5(29) 3(23) 0 6 (33)
Device-related infection 0 0 3(18) 4 (24) 0 0 6 (33)
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3 Months

to 4-7 >8
System Organ Class 3-Month 3 Years Years Years
Preferred Term, Pre- Hospitali-  Follow-  Follow-  Follow
Treatment  Treatment sation up up -up Total

(data presented as n [%)]) (N=17) (N=17) (N=17) (N=17) (N=13) (N=6)  (N=18)

Ear infection 1(6) 0 1(6) 3(18) 2(15) 0 6 (33)
Oral candidiasis 3(18) 0 4 (24) 2(12) 1(8) 0 6 (33)
Nasopharyngitis 1(6) 0 2(12) 4 (24) 0 0 5(28)
Pneumonia 0 0 1(6) 1(6) 2(15) 1(17) 5(28)
Sinusitis 2(12) 0 0 2(12) 5(38) 0 5(28)
Urinary tract infection 0 0 2(12) 3(18) 1(8) 2(33) 5(28)
Candida infection 2(12) 0 1(6) 1(6) 0 0 4(22)
Otitis media 0 0 1(6) 2(12) 0 1(17) 4(22)
Pharyngitis 0 0 0 1(6) 2(15) 0 4(22)
Varicella 0 0 0 3(18) 1(8) 0 4(22)
Escherichia urinary tract 0 0 1(6) 3(18) 1(8) 0 3(17)
infection
Fungal skin infection 0 0 2(12) 0 0 1(17) 3(17)
Haemophilus infection 0 0 0 3(18) 0 0 3(17)
Influenza 0 0 0 1(6) 2(15) 0 3(17)
Respiratory tract 1(6) 0 1(6) 2(12) 0 0 3(17)
infection
Staphylococcal sepsis 1(6) 0 1(6) 1(6) 0 0 3(17)
Upper respiratory tract 0 0 2(12) 1(6) 0 0 3(17)
infection bacterial
Urinary tract infection 1(6) 1(6) 3(18) 0 0 0 3(17)
pseudomonal
Investigations 12 (71) 2(12) 10(59)  13(76)  10(77)  3(50) 17 (%4)
Antinuclear antibody 1(6) 0 0 0 4(31) 0 5(28)
positive
Blood immunoglobulin E 0 0 0 3(18) 3(23) 0 5(28)
increased
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3 Months

to 4-7 >8
System Organ Class 3-Month 3 Years Years Years
Preferred Term, Pre- Hospitali-  Follow-  Follow-  Follow
Treatment  Treatment sation up up -up Total
(data presented as n [%)]) (N=17) (N=17) (N=17) (N=17) (N=13) (N=6)  (N=18)
Hepatic enzyme 0 0 4 (24) 2(12) 0 0 5(28)
increased
Computerized 3(18) 0 0 1(6) 0 0 4 (22)
tomography thorax
abnormal
Tympanometry abnormal 1(6) 0 0 2(12) 1(8) 0 4(22)
Blood alkaline 1(6) 1(6) 1(6) 1(6) 0 0 3(17)
phosphatase increased
Electrophoresis protein 0 0 1(6) 2(12) 0 0 3(17)
abnormal
Nuclear magnetic 3(18) 0 0 0 0 0 3(17)
resonance image brain
abnormal
Pulmonary function test 0 0 0 1(6) 2 (15) 1(17)  3(17)
abnormal
Weight decreased 0 0 0 2(12) 1(8) 0 3(17)
Skin and subcutaneous 4 (24) 0 7(41) 10 (59) 5(38) 2(33) 16(89)
tissue disorders
Dermatitis atopic 1(6) 0 0 2(12) 2 (15) 0 5(28)
Skin lesion 1(6) 0 1(6) 2(12) 0 0 4(22)
Dermatitis 0 0 2(12) 0 1(8) 0 3(17)
Rash 0 0 1(6) 2(12) 0 0 3(17)
Blood and lymphatic 4 (24) 0 11 (65) 8 (47) 2 (15) 0 16 (89)
system disorders
Anaemia 1(6) 0 3(18) 3(18) 0 0 7(39)
Neutropenia 0 0 5(29) 2(12) 0 0 6 (33)
Eosinophilia 1(6) 0 1(6) 2(12) 0 0 4(22)
Respiratory, thoracic and 7(41) 0 2(12) 12 (71) 6 (46) 3(50) 14(78)
mediastinal disorders
Specification for company submission of evidence 107 of 252




3 Months

to 4-7 >8
System Organ Class 3-Month 3 Years Years Years
Preferred Term, Pre- Hospitali-  Follow-  Follow-  Follow
Treatment  Treatment sation up up -up Total
(data presented as n [%)]) (N=17) (N=17) (N=17) (N=17) (N=13) (N=6)  (N=18)
Cough 1(6) 0 0 5(29) 3(23) 1(17)  8(44)
Interstitial lung disease 2(12) 0 1(6) 0 0 0 3(17)
Pneumonitis 2(12) 0 1(6) 0 0 0 3(17)
Productive cough 1(6) 0 0 1(6) 1(8) 0 3(17)
Gastrointestinal 4(24) 2(12) 7(41) 7(41) 6 (46) 1(17)  13(72)
disorders
Diarrhoea 3(18) 1(6) 4 (24) 6 (35) 3(23) 0 10 (56)
Vomiting 2(12) 1(6) 1(6) 1(6) 1(8) 0 6 (33)
Enteritis 0 0 1(6) 1(6) 1(8) 1(17)  3(17)
General disorders and 6 (35) 3(18) 1(6) 9 (53) 5(38) 0 12 (67)
administration site
conditions
Pyrexia 4 (24) 1(6) 1(6) 6 (35) 4(31) 0 8 (44)
Nervous system 3(18) 0 0 7(41) 3(23) 1(17)  12(67)
disorders
Cognitive disorder 0 0 0 3(18) 2(15) 0 5(28)
Psychomotor 1(6) 0 0 2(12) 0 0 3(17)
hyperactivity
Congenital, familial and 8 (47) 0 0 6 (35) 2 (15) 0 11 (61)
genetic disorders
Cryptorchism 3(18) 0 0 3(18) 2 (15) 0 6 (33)
Phimosis 2(12) 0 0 5(29) 0 0 6 (33)
Hepatobiliary disorders 2(12) 0 4 (24) 3(18) 2(15) 2(33) 10(56)
Hepatic steatosis 0 0 1(6) 0 1(8) 2(33) 4(22)
Hepatomegaly 2(12) 0 0 1(6) 0 0 3(17)
Musculoskeletal and 4 (24) 0 0 2(12) 2(15) 0 7(39)
connective tissue
disorders
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3 Months
to 4-7 >8

System Organ Class 3-Month 3 Years Years Years

Preferred Term, Pre- Hospitali-  Follow-  Follow-  Follow
Treatment  Treatment sation up up -up Total
(data presented as n [%)]) (N=17) (N=17) (N=17) (N=17) (N=13) (N=6)  (N=18)
Foot deformity 1(6) 0 0 0 2 (15) 0 3(17)
Muscle atrophy 1(6) 0 0 0 2 (15) 0 3(17)
Endocrine disorders 3(18) 0 0 2(12) 1(8) 1(17)  6(33)
Hypothyroidism 2(12) 0 0 2(12) 0 0 4 (22)
Vascular disorders 2(12) 0 3(18) 1(6) 1(8) 0 6 (33)
Hypertension 1(6) 0 3(18) 0 1(8) 0 5(28)
Neoplasms? 1(6) 0 1(6) 1(6) 1(8) 3(50)  5(28)
Skin papilloma 0 0 0 0 1(8) 3(50) 3(17)

Notes: Patients are included in the denominator if follow-up is ongoing for the period considered. Patient 1 started
follow-up at Year 13 but has AEs reported at Year 8 and Year 12, which are included. Patient 4 had an AE of
Pharyngitis which occurred in the LTFU but the dates were not known so it appears in the Total column only.

a. The neoplasms SOC includes benign, malignant and unspecified, including cysts and polyps.

Adverse events from other gene therapy trials for ADA-SCID also support the
safety of Strimvelis. Since 2000, 40 patients with ADA-SCID have been treated
with gamma retroviral vectors and 20 have been treated with lentiviral vectors. All
60 patients are alive with no reports of leukaemia [Farinelli, 2014; Gaspar, 2015;
Cicalese, 2016]. Adverse events from other gene therapy trials for ADA-SCID
have not been systematically described, but reported AEs in the published
literature are provided in Appendix 7.

Adverse events after HSCT from a MUD or haploidentical donor for patients with
ADA-SCID have not been systematically described. Reported AEs in the
literature are provided in Table C 28, but it is important to note that AEs were
typically only mentioned if they were of special interest.

Several cases of GvHD have been described following both HSCT from MUDs
and haploidentical donors [Gennery, 2001; Bhattacharya, 2005; Borghans, 2006;
Grunebaum, 2006; Booth, 2007; Honig, 2007; Dvorak, 2014; Baffelli, 2015]. In
the UK, the classic categorisation is that acute GvHD occurs within the first

100 days after HSCT while chronic GvHD occurs at least 100 days after HSCT
[Cancer Research UK, 2014]. However, the definitions used to categorise GvHD
are not widely agreed upon. The classification may not be that simple, there may
be some overlap of symptoms, and time since HSCT is not the only factor
important to determining the characterisation [Filipovich, 2005; Dhir, 2014].
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Unfortunately, none of the literature reports of GvHD in patients with ADA-SCID
identified in the literature search provided the definition used in reporting terms
such as acute, chronic, severe, or specific grades. Acute GvHD may cause rash,
nausea, vomiting, anorexia, profuse diarrhoea, ileus, and cholestatic hepatitis.
Chronic GvHD could be limited to a single organ or could be more widespread.
Chronic GvHD can lead to debilitating consequences, such as loss of sight, joint
contractures, end-stage lung disease, or death [Filipovich, 2005]. This is an
important differentiating factor between Strimvelis and HSCT from a MUD or
haploidentical donor. GvHD is not observed after Strimvelis.
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Table C 28

Adverse events reported for patients with ADA-SCID after HSCT from a MUD or haploidentical donor

Cohort Donor N FU Deaths | Treatment- | Infections Malignancies | Other Comments | Reference
Type Duration? related AEs | Post- Post- Events
Treatment Treatment Post-
Treatment
Brescia, MUD 4 6.5 yrb 0 Acute - - Haemolyti | 3 received Baffelli, 2015
Italy (1.5-11.4) GvHD, ¢ anaemia | conditioning,
1997-2013 grade || 1 did not.
(n=1)
Brescia, MUD 2 20-67 0 Acute GvHD Both Serana,
Italy mos grade Il received 2010
(n=1) conditioning
2002-
2010
PIDTC/ MUD 7 25 (1.1- 2 Acute GvHD | CMV (n=1), |- nephrotic No Dvorak,
IEWP-EBMT 12.3) yrs (n=4, Grade | pneumonitis syndrome | conditioning | 2014
Survey for I n=1, (n=3) (n=1)
survivors Grade Il
1993-2012 (n=5) n=1,
Grade lll
n=2)
Chronic
GvHD (n=1)
Texas MUD 1 30 mos 0 - - - Asthma, Patel, 2009
(1998-2007) eéczema
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Cohort Donor FU Deaths | Treatment- | Infections Malignancies | Other Comments | Reference
Type Duration?® related AEs | Post- Post- Events
Treatment Treatment Post-
Treatment
SCETIDE MUD - 3 - Gram - - Booth, 2007
(London, negative
Ulm, Brescia, sepsis (n=1
Paris) death) CMV
(no dates) and L
adenoviremi
a (n=1
death)
Unexplained
sepsis (n=1
death)
Germany MUD Mean: 1 No GvHD CMV, - - Honig, 2007
1982-2006 14.6 yrs adenovirus
for a (n=1 death)
larger
group,
n=5
Italy/Canada | MUD Mean: 1 Acute - - Pulmonary Grunebaum,
1990-2004 7 mos GvHD, alveolar 2006
grade lll proteinosis
(n=1) (n=1
death)
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Cohort

Donor
Type

FU
Duration?

Deaths

Treatment-
related AEs

Infections
Post-
Treatment

Malignancies
Post-
Treatment

Other
Events
Post-
Treatment

Comments

Reference

Newcastle
2000-2004

MUD

GvHD, skin,

gut (1),
MFE

PFIIl (n=1)

Respirator
y failure in
pt with
PFII

Umbilical
cord blood
transplants
only,
conditioning
in 1, one
death from
multiorgan
failure
related to
pre-existing
viral
infection and
GvHD and
the other
from multi-
organ failure
related to
pre-existing
inflammator
y
complication
s

Bhattachary
a, 2005

Newcastle
1987-1998

MUD

3.5yrs

Mild skin
acute GvHD

Gennery,
2001

SCETIDE

(London,
Ulm, Brescia,
Paris)

(no dates)

Haplo

23

16

GvHD (n
deaths not
reported)

Viral
pneumonitis,
aspergillosis
(n deaths
not reported)

Booth, 2007
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Cohort Donor FU Deaths | Treatment- | Infections Malignancies | Other Comments | Reference
Type Duration? related AEs | Post- Post- Events
Treatment Treatment Post-
Treatment
Germany Haplo Mean 2 GvHD, Aspergillosis | - - Honig, 2007
1982-2006 14.6 yrs grade I (n=2 deaths)
among (n=1)
survivors GVHD grade
in a larger Il (n=1)
group
Netherlands | Haplo 15.1 yrs 0 Acute - - - Borghans,
1968-1997 GvHD, 2006
grade |
Case Report | Haplo 40 days 1 adenovirus, | EBV- Monforte-
8 year old cryptosporidi | associated Murioz, 2003
girl, Los um leiomyomatosi
Angeles, no s and
date polymorphic
lymphoprolifer
ative disorder
Newcastle Haplo 10.5 yrs 0 auto- - - - With Gennery,
1987-1998 immune conditioning | 2001
haemolytic
anaemia

Abbreviations: -=not reported; AEs=adverse events; CMV=cytomegalovirus; EBV=Epstein-Barr virus; FU=follow-up; GvHD=graft-versus-host disease; Haplo=haploidentical;
mos=months; MUD=matched unrelated donor; PFlll=parainfluenza 3; yr=year

a. Reported as median and/or range unless otherwise noted.
b.  Median calculated from data
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9.9 Interpretation of clinical evidence

9.9.1 Provide a statement of principal findings from the clinical evidence
highlighting the clinical benefit and any risks relating to adverse
events from the technology. Please also include the Number
Needed to Treat (NNT) and Number Needed to Harm (NNH) and

how these results were calculated.

Patients with ADA-SCID who lack an MRD account for the majority of patients
with ADA-SCID. There is a high unmet need for these patients for new
treatment options that provide long-term corrective therapy with an improved
probability of survival and without additional complications associated with
GvHD. Strimvelis is a step-change in the management of patients with ADA-
SCID without an MRD, as recognised by the ESID/EBMT guidelines
[ESID/EBMT Guidelines, 2017].

A 100% survival rate at 3 years after Strimvelis one-time therapy (primary
endpoint of AD1115611 pivotal study), and in their long-term follow-up has
been observed for all 12 patients within the pivotal AD1115611 population
(and also for the 18 patients in the integrated analysis), with a median follow-
up duration of 6.9 years (up to a maximum of 11.5 years for the AD1115611
Pivotal Population and 13 years for all patients). Intervention-free survival for
patients with available data was 82%.

Severe infections, one of the key secondary endpoints for the pivotal study
and a common cause of increased morbidity and mortality in this population,
were significantly reduced after gene therapy relative to baseline rates and the
benefits of Strimvelis on infections were shown to be durable throughout the
follow-up period. Evidence of immune reconstitution was observed from 6
months post-gene therapy, with significant increases in numbers of T cell
subsets and specifically peripheral CD3+ T cells, another key secondary
endpoint for the pivotal AD1115611 study. The numerical increases in T cell
subsets were supported by evidence of thymopoiesis and peripheral T cell
function (i.e., robust T cell proliferative capacity suggests that the increased
cell numbers observed in the periphery represent functional T cells capable of
clonal expansion) from Year 1 onwards. B cell function was evidenced by
observed immunoglobulin production, antibody forming capacity after
vaccination, and decreased dependence on IVIG use over time. In the
Strimvelis AD1115611 Pivotal Population, a majority of patients had
antibodies to a range of infectious antigens at one or more time points after
IVIG had been stopped; antibodies were also observed in patients in the
supportive studies.

Like HSCT, Strimvelis has not yet shown an impact the CNS component of
ADA-SCID. CNS abnormalities are frequent manifestations of ADA-SCID in
long-term survivors of BMT [Rogers, 2001; Booth, 2007]. The neurological
events observed both pre- and post-treatment in some of the ADA-SCID
patients treated with Strimvelis, including cognitive and audiological events,
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were similar to those observed in patients treated with BMT or PEG-ADA
[Rogers, 2001; Booth, 2007]. These events may be directly related to the
underlying ADA-SCID disease, to infections that patients may have
experienced (e.g., meningitis), comorbidities (e.g., Arnold Chiari
malformation), or to other medications received (e.g., antibiotics such as
gentamycin).

The maijority of treated children in the Strimvelis clinical programme either
maintained or improved their age-appropriate height and weight relative to
standard curves. The majority of patients across all studies who had available
LTFU data (which includes patients from pivotal and supportive studies)
reported on-time vaccinations, attendance at school or pre-school as
appropriate for the patient’s age (12 out of 14 patients [86%]), and eating well
with a varied and adequate diet.

In the Strimvelis clinical programme, patients were hospitalised for a median
of 45 days (range: 34 to 110 days), and we expect that patients who receive
Strimvelis in the future will be hospitalised for a similar period (average

50 days).

Overall the safety findings of Strimvelis are in line with those expected in an
ADA-SCID population which has undergone busulfan conditioning and is
undergoing immune reconstitution. As Strimvelis is an autologous treatment,
GvHD was not observed. No events indicative of leukaemic transformation or
myelodysplasia were reported and no issues around immunogenicity were
evident.

Based on the positive benefit-to-risk profile, the limitations associated with
current therapeutic treatment options, and the significant mortality
experienced by patients with ADA-SCID, there is an urgent medical need for
additional therapeutic options. As reflected in the EBMT/ESID guidelines
[EBMT/ESID Guidelines, 2017], Strimvelis therapy with long-term post-
treatment follow-up will provide a significant improvement in the treatment of
patients with ADA-SCID without a MRD based on the evidence presented.
Strimvelis offers increased survival when compared indirectly with HSCT from
a MUD or haploidentical donor without the risk of GvHD.

9.9.2 Provide a summary of the strengths and limitations of the clinical-

evidence base of the technology.

The use of an objective primary endpoint (survival) rather than a subjective
endpoint or surrogate endpoint, the length of follow-up, and the inclusion of a
diverse patient population with various previous treatments are strengths of
the Strimvelis clinical programme. Supportive endpoints corroborate the long-
term effect of Strimvelis. Limitations include the lack of a study control group
and the small number of study participants due to the rarity of the condition.
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993 Provide a brief statement on the relevance of the evidence base to
the scope. This should focus on the claimed patient- and

specialised service-benefits described in the scope.

Data from the Strimvelis clinical programme and relevant literature published
on alternative treatments (HSCT from matched unrelated donors and
haploidentical donors) are relevant to the decision problem defined in the
scope. The Strimvelis clinical programme included a diverse patient
population with various previous treatment histories and evaluated endpoints
detailed in the final scope. Comparison with all available literature on the
alternative treatment of HSCT from a matched unrelated donor or
haploidentical donor is complete. Although formal indirect comparison
between Strimvelis and the comparator treatment is not possible due to
methodological reasons, examination of the endpoints in the Strimvelis clinical
programme and all available literature on the alternative treatment allows for a
reasonable comparative evaluation of the benefits for each treatment option.

994 Identify any factors that may influence the external validity of study

results to patients in routine clinical practice.

GSK is not aware of any such factors. Patients treated with Strimvelis will be
treated at the same facility in Milan, Italy in a similar manner as the clinical
programme.

In the Integrated Population for Strimvelis, no notable differences in AEs were
observed by gender or age at the time of Strimvelis administration. AEs were
not evaluated by race due to the small number of non-White patients enrolled;
however, patients of Caucasian, Arabic, African-American, and Asian origin
were included in the Integrated Population.

Exploratory analyses of baseline predictors of efficacy (age at GT, CD34+
cells/kg dose, cells/kg 3 vector copy number dose, baseline values for
peripheral CD3+ T cell counts, TREC counts, peripheral RBC levels of dAXP,
and body mass index) found that benefit from Strimvelis treatment can be
achieved across a range of doses and diverse subject characteristics
[Cicalese, 2016].

Nevertheless, Strimvelis should be used with caution in patients older than 6
years and 1 month and younger than 6 months as there are no data from
clinical trials in these age ranges. Older patients are typically less able to
donate high numbers of CD34+ cells which may mean that older patients
cannot be treated. Successful generation of T cells after Strimvelis is also
likely to be affected by residual thymic function, which can become impaired in
older children. Use of Strimvelis in patients older than those previously studied
should be carefully considered and reserved only for occasions where all
other reasonable treatment options have been exhausted.

Analyses performed to compare patients with prior PEG-ADA exposure to
those without were limited by low patient numbers, particularly in the group

Specification for company submission of evidence 117 of 252



without prior PEG-ADA exposure. However, the available data did not suggest
that prior exposure to PEG-ADA affected outcomes for Strimvelis.

All'in all, the Strimvelis Integrated Population is reflective of the patient
population expected to receive Strimvelis in England. The approved indication
for Strimvelis is similar to the patients included in the Integrated Population. It
is likely that results for newly diagnosed patients in England would be better
than results in the studies because the Integrated Population included some
patients who had failed previous HSCT or ERT and thus were considered
harder patients to treat.

9.9.5 Based on external validity factors identified in 9.9.4 describe any
criteria that would be used in clinical practice to select patients for

whom the technology would be suitable.

Not applicable.

10 Measurement and valuation of health effects

Patient experience

10.1.1 Please outline the aspects of the condition that most affect patients’

quality of life.

Information on patient quality of life is provided in Section 7.1.

10.1.2 Please describe how a patient’s health-related quality of life

(HRQL) is likely to change over the course of the condition.

Information on patient’s HRQL is provided in Section 7.1.

HRQL data derived from clinical trials

10.1.3 If HRQL data were collected in the clinical trials identified in
section 9 (Impact of the new technology), please comment on
whether the HRQL data are consistent with the reference case. The
following are suggested elements for consideration, but the list is
not exhaustive.
e Method of elicitation.
e Method of valuation.
e Point when measurements were made.
e Consistency with reference case.

e Appropriateness for cost-effectiveness analysis.
e Results with confidence intervals.
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Health outcome measures in the LTFU study AD1115611 included Lansky
Performance status index (all LTFU patients) and the Paediatric Quality of Life
Inventory (PedsQL) (not collected for subjects younger than 5 years of age).
Lansky performance status index was queried in 14 patients; all patients were
reported as ‘fully active, normal’ during LTFU, with 1 exception, who had
minor restrictions in strenuous physical activity recorded at Year 7 [Cicalese,
2016]. ] completed the PedsQL questionnaire for | age, at the Year ||}
visit. The totality of . score, including the score by question and dimension,
was as expected in an average healthy adolescent of | age, based on a
paediatric assessment.

Additionally, non-standardised and informal paediatric quality-of-life
assessments were made in the LTFU study AD1115611 by means of patient
status updates at annual follow-up visits. These assessments included
attendance at school, participation in sports, eating habits, and receipt of
childhood vaccinations. These LTFU assessments were not pre-specified as
efficacy endpoints, and baseline assessments were not collected; however,
they provide some indication of the clinical benefit of Strimvelis at LTFU time
points with regard to overall well-being and daily function. The majority of
patients across all studies who had available LTFU data (which includes
patients from pivotal and supportive studies) reported on-time vaccinations,
attendance at school or pre-school as appropriate for the patient’s age (12 out
of 14 patients [86%]), and eating well with a varied and adequate diet. Most
patients did not report participating in sports during the LTFU, primarily due to
their parents’ choice.

Mapping

10.1.4 If mapping was used to transform any of the utilities or quality-of-life

data in clinical trials, please provide the following information.

¢ Which tool was mapped from and onto what other tool? For
example, SF-36 to EQ-5D.
e Details of the methodology used.

¢ Details of validation of the mapping technique.

Not applicable.
HRQL studies

10.1.5 Please provide a systematic search of HRQL data. Consider
published and unpublished studies, including any original research
commissioned for this technology. Provide the rationale for terms

used in the search strategy and any inclusion and exclusion criteria
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used. The search strategy used should be provided in appendix
17.1.

Embase, hosted by Elsevier, was chosen as the search engine for all
systematic reviews conducted for this submission because it is the most
comprehensive search engine available. PubMed was not searched
separately because Embase includes the PubMed database.

A systematic search for HRQL was performed in conjunction with a systematic
search for economic studies in ADA-SCID (Section 11.1.1). The search terms
included keywords for the disease terms (‘adenosine deaminase deficiency’,
‘ADA deficiency’, and ‘ADA SCID’) and search terms for economic modelling
(‘cost effectiveness’, ‘cost utility’, ‘economic evaluation’, ‘economic model’,
‘Markov model’, and ‘discrete event simulation’). No time or language
restrictions were applied. Details are provided in Section 17.3 Appendix 3.
The search yielded 6 results, but none of them contained relevant HRQL data.

A study of the cost-effectiveness of newborn screening for ADA-SCID [Ding,
2016] was excluded from the economic literature search because it did not
provide HRQL data for ADA-SCID or an economic evaluation of treatments for
ADA-SCID. However, this article was useful in identifying an approach that
could be taken to provide utility values for patients with ADA-SCID in the
absence of specific data in this disease state. The Ding model referenced an
article [McGhee, 2005] that used a utility value for survivors of ADA-SCID
treatment based on health preference scores estimated by investigators after
successful BMT for chronic myelogenous leukaemia. The same article [Ding,
2016] also used a utility value for patients receiving IVIG based on values for
patients with chronic lymphocytic leukaemia [Weeks, 1991]. These utility
values were not specific to patients with ADA-SCID, but they were identified
as possibly useful for inclusion in a sensitivity analysis.

All references identified in the literature search for clinical data (Section 9.1)
were also searched for HRQL data. References that did not provide results by
HSCT donor type were not excluded from the HRQL results because HRQL
information was so scarce, but references that did not provide results specific
to ADA-SCID were excluded. Three relevant studies, besides the Strimvelis
programme, were identified by this method.

Because no information was found on utilities for patients with ADA-SCID,
additional literature searches were conducted to identify utility values for
relevant health states and events.

NICE commissioned a report to assess whether the existing methods are
adequate to assess regenerative therapies, which was subsequently
published [Hettle, 2017]. Some elements of the economic model developed
for that purpose are similar to the Strimvelis model. When applicable,
assumptions in the assessment of Strimvelis presented herewith mirror those
in the Hettle analysis. The Hettle analysis was also used to identify potentially
relevant utility values that could be applicable in the assessment of gene
therapy for patients with ADA-SCID. References identified in this way are
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included in the PRISMA diagrams as ‘additional records identified through
other sources’.

A systematic search for health-related utility values after HSCT was
performed (Figure 2). The search terms included keywords for quality of life
(‘quality of life’ and ‘health utilities’) and keywords for HSCT (‘stem cell
transplantation’, ‘HSCT’, ‘bone marrow transplantation’ and ‘umbilical cord
blood cell transplantation’). The search was limited to the last 10 years (from
2007 onwards). Details are provided in Section 17.5 Appendix 5. After
removing duplicates, the search yielded 5,031 articles. Articles were searched
using reference software for utility data in any field, further screened using
reference software based on the title and abstract, and then included or
excluded based on the full text article. No relevant articles on ADA-SCID were
identified. Two articles with potentially applicable utility information were
identified: 1 in chronic lymphocytic leukaemia [Kharfan-Dabaja, 2012] and 1 in
chronic myelogenous leukaemia [Rochau, 2015]. The analysis by Kharfan-
Dabaja et al. used utility data from Sung et al. [Sung, 2003; Kharfan-Dabaja,
2012], which had previously been identified as an applicable source of utility
data after HSCT during review of Hettle 2017. The analysis by Rochau et al
did not directly report utilities values, but did use a weighted method for
assigning utility values [Rochau, 2015]. This method was considered
applicable to the model for ADA-SCID. Additionally, an article [Swinburn,
2015] with potentially relevant utilities for patients experiencing GvHD was
identified by reviewing the references of the full text articles examined.

A systematic search for health-related utility values in GvHD was performed
(Figure 3). The search terms included keywords for quality of life (‘quality of
life’, ‘healthy utility’, ‘HRQL’, and ‘QALY’) and keywords for GvHD (‘graft
versus host’). The search was limited to the last 10 years (2007 onwards) and
yielded 1,203 articles. Details are provided in Section 17.5 Appendix 5.
Duplicates were removed from the 1,203 articles, titles and abstracts were
screened using reference software, and then articles were included or
excluded based on the full text article. One article that directly reported
preference-based utilities in GvHD was identified [Swinburn, 2015].
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Figure 2
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Figure 3 PRISMA diagram of search for utilities in GvHD
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10.1.6 Provide details of the studies in which HRQL is measured. Include

the following, but note that the list is not exhaustive.

e Population in which health effects were measured.

e Information on recruitment.

¢ Interventions and comparators.

e Sample size.

e Response rates.

e Description of health states.

e Adverse events.

e Appropriateness of health states given condition and treatment
pathway.

e Method of elicitation.
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e Method of valuation.

e Mapping.

e Uncertainty around values.

e Consistency with reference case.
¢ Results with confidence intervals.

Besides the Strimvelis clinical programme, 3 reports provided information
relevant to HRQL.

A study of quality of life in patients with SCID treated with HSCT (donor
source not specified) in Newcastle included 12 patients with ADA-SCID. Fifty-
nine of 88 patients or their parents (67%) completed the Pediatric Quality of
Life Inventory, including 12 patients with ADA-SCID. Parent-reported scores
for patients with ADA-SCID were significantly (p<0.05) lower than the UK
normal across all aspects except the emotional components [Hamid, 2016].

A study of cognitive and behaviour abnormalities in children with SCID treated
with HSCT at the Great Ormond Street Hospital, London, between 1979 and
2003 included 13 patients with ADA-SCID. Donor source was not specified for
the children with ADA-SCID. Ninety percent of qualifying patients with SCID
(105/117) completed the assessment. Patients with ADA-SCID had a mean 1Q
of approximately 65, which was significantly lower (p<0.01) than the mean 1Q
of patients with other forms of SCID (approximately 90) and the mean 1Q of
the normal population (100). Patients with ADA-SCID also had significantly
(p<0.01) higher scores, indicating more difficulties, on a parent-rated
Strengths and Difficulties Questionnaire that included items like emotional
difficulties, hyperactivity, and peer relationships [Titman, 2008].

In patients (n=20) with ADA-SCID treated with lentiviral gene therapy in
London and Los Angeles, it was noted that the earliest treated patients were
free of social restriction. The specifics of how social restriction was assessed
and the number of patients considered earliest treated was not made publicly
available [Gaspar, 2015].

10.1.7 Please highlight any key differences between the values derived
from the literature search and those reported in or mapped from the

clinical trials.

The available literature on HRQL in patients with ADA-SCID is consistent with
the information obtained in the LTFU for Strimvelis. Patients in the LTFU for
Strimvelis (12 out of 14 patients [86%]) were able to enter and maintain
regular attendance at school or pre-school as appropriate for the patient’s
age. This is consistent with the findings by Gaspar that patients treated early
with gene therapy were free of social restrictions [Gaspar, 2015]. These
findings are critically important because isolation was identified as one of the
key concerns affecting HRQL in a telephone survey of carers of patients with
ADA-SCID who were treated with HSCT or PEG-ADA [Data on file].

Specification for company submission of evidence 124 of 252



Strimvelis was not expected to impact neurological events associated with
ADA-SCID. Indeed, the neurological events observed both pre- and post-
treatment in some of the patients with ADA-SCID treated with Strimvelis,
including cognitive and audiological events, were similar to those observed in
patients treated with BMT or PEG-ADA [Rogers, 2001; Booth, 2007]. These
observations in the Strimvelis clinical programme were consistent with
observations by Titman of cognitive-behavioural deficits in patients with ADA-
SCID [Titman, 2008].

Adverse events

10.1.8 Please describe how adverse events have an impact on HRQL.

In the Strimvelis clinical programme, most adverse drug reactions were
considered to be related to busulfan conditioning or immune reconstitution.
Low-dose busulfan is used as pre-treatment for Strimvelis. This low-dose
regimen would be expected to produce fewer AEs than the full-dose
chemotherapy regimens used in some HSCT protocols [Hassan, 2012] and,
therefore, a smaller negative impact on HRQL. Infection AEs were reported
for all patients in the Strimvelis clinical programme, but the most common
infection AEs were normal, expected childhood infections. In the Pivotal
AD1115611 study, severe infections were reduced after Strimvelis therapy
compared with before Strimvelis therapy and declined over time during the
LTFU AD1115611 study. A decrease in severe infection rates would be
expected to improve HRQL.

The neurological events, including cognitive and audiological events,
observed both pre- and post-treatment in some of the patients treated with
Strimvelis were similar to those observed in patients treated with BMT or
PEG-ADA [Rogers, 2001; Booth, 2007].

For HSCT, in addition to what would be seen for Strimvelis, GvHD is the main
AE that would be expected to affect HRQL. Acute GvHD may cause rash,
nausea, vomiting, anorexia, profuse diarrhoea, ileus, and cholestatic hepatitis.
Chronic GvHD could be limited to a single organ or could be more
widespread. Chronic GvHD can lead to debilitating consequences, such as
loss of sight, joint contractures, end-stage lung disease, or death [Filipovich,
2005].The effects of GvHD on HRQL may depend upon the type and severity
of GvHD.

Utility data on the effects of GvHD in ADA-SCID are not available, but the
utility value for UK patients in complete remission of relapsed/refractory
Hodgkin lymphoma or systemic anaplastic large cell lymphoma experiencing
acute GvHD is 0.39 and for those experiencing chronic GvHD is 0.52
[Swinburn, 2015]. Not all patients experience the same symptoms with GvHD.

In addition to effects on HRQL for the patient, the death of a child can have a
profound impact on the patient’s family. No utility data on bereaved family
members are available for patients with ADA-SCID, but an approach to
handling this effect was identified in an economic evaluation of meningitis
vaccination in England [Christensen, 2014].
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Quality-of-life data used in cost-effectiveness analysis

10.1.9

Please summarise the values you have chosen for your cost-

effectiveness analysis in the following table. Justify the choice of

utility values, giving consideration to the reference case.

Utility values were applied in the cost-effectiveness analysis for the following
health states and AEs:

e The first 6 months after treatment with Strimvelis, HSCT from a MUD or
haploidentical donor, or rescue transplant

¢ Health states for all surviving patients via age-related EQ-5D scores
with weighting based on the probability of incurring a decrement to
health state from serious acute or chronic GvHD

Table C 29 Summary of quality-of-life values for cost-effectiveness

analysis
Value Reference in | Justification
submission

Health utility in 0.98 Assumed equal to the

the period before general population utility at

HSCT or age 1. We do not consider

Strimvelis the potential disutility
patients incur whilst waiting
for Strimvelis or HSCT (e.g.
due to being in isolation and
receiving PEG-ADA). Given
that patients receiving
Strimvelis are likely to wait
less than patients receiving
HSCT, this is a conservative
assumption.

Utility decrement | 0.57 Sung, 2003 In the absence of

during the first information on utilities after

6 months after treatment for ADA-SCID,

Strimvelis, HSCT utility values after BMT in

from a MUD or leukaemia were considered

haploidentical the best available

donor, or rescue information

transplant

Utility values for Age-specific | Jones-Hughes, | No specific values on

surviving patients | utility 2016 utilities of patients with

with ADA-SCID

Ara, 2010

ADA-SCID were identified.
Age-specific normal values
were used, and the
possibility of lowering
utilities was explored in the
sensitivity analysis
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Value Reference in Justification
submission

One-off QALY 0.41 Swinburn, The utility value for patients
loss due to a 2015 with acute GvHD and

utility decrement complete remission from
from acute GvHD relapsed/refractory Hodgkin

lymphoma or systemic
anaplastic large cell
lymphoma was used to
calculate a utility decrement
and then adjusted based on
the expected average
duration of an episode of
acute GvHD (8 months)
based on expert clinical

advice.
One-off QALY 1.44 Swinburn, Utility value for patients with
loss due to a 2015 chronic GvHD and complete
utility decrement remission from
from chronic relapsed/refractory Hodgkin
GvHD lymphoma or systemic

anaplastic large cell
lymphoma was used to
calculate a utility decrement
and then adjusted based on
the expected duration of an
episode of chronic GvHD (3
years) based on expert
clinical advice.

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; BMT=bone marrow
transplant; GvHD=graft versus host disease; HSCT=haematopoietic stem cell transplantation; MUD=matched
unrelated donor; QALY=quality-adjusted life years.

Specific information on the utility values chosen is provided below.

Consideration was given to weighting the utility score for patients who require
IVIG, but no weighting was used in the baseline analysis because there was
no reliable evidence on the impact of IVIG administration on patients with
ADA-SCID. One article [Weeks, 1991] with utility information on IVIG use in
patients with chronic lymphocytic leukaemia was identified in the search for
utilities on IVIG. However, this study is dated and probably is not reflective of
current care. Disutility in this study was elicited through a non-referenced
method from a small sample of physicians treating patients in the context of a
different disease. The consideration of disutility due to IVIG is fully explored in
sensitivity analyses.

Utility value for the first 6 months after treatment with Strimvelis, HSCT
from a MUD or haploidentical donor, or rescue transplant

No utility values after treatment for ADA-SCID were identified in a systematic
literature search. A utility decrement of 0.57 was applied to the first 6 months
after the initial intervention (Strimvelis or HSCT from a MUD or haploidentical
donor) or rescue transplant. This value was drawn from a study of patients

Specification for company submission of evidence 127 of 252




with acute myeloid leukaemia after BMT [Sung, 2003]. This source was
identified during review of the analysis by Hettle [Hettle, 2017].

Utility value of surviving patients in all health states

Age-specific utility values were applied to all surviving health states. Values
were drawn from the Jones-Hughes analysis of the Health Survey for England
- 2012 [Jones-Hughes, 2016] using the methodology of Ara [Ara, 2010]. The
Jones-Hughes formula is:

Utility = 0.967981 + 0.023289*male - 0.001807*age - 0.000010*age?

GSK calculated exact values for the ages of 12, 30, 40, 50, 60, 70, and 80 for
both males and females. The average of the male/female scores as a single
value in each of the age bands was used. Values used are shown Table C 30.

Table C 30 Age-specific utility scores used in the model [Jones-
Hughes, 2016]

Age (years) | Utility value?
<25 0.96
25-34 0.92
35-44 0.89
45-54 0.86
55-64 0.84
65-74 0.80
75+ 0.77

a. Rounded, male/female ratio assumed to be 50%/50%

Neither Strimvelis nor HSCT is expected to affect neurologic events in
patients with ADA-SCID. Therefore, it is likely that patients with ADA-SCID
would have lower utility values than these average UK population values.
However, there is a lack of robust quantitative utility evidence on the impact of
non-immune complications of ADA-SCID. Additionally, there is evidence that
EQ-5D may not sufficiently account for the effect of deafness on HRQL
[Brazier, 2011]. The utility value used by McGhee et al was not specific to
patients with ADA-SCID and was not based on potential disutility due to non-
immune complications of the disease [McGhee, 2005]. Therefore, the average
values for the population of England and Wales were used in the base-case,
and the effects of possibly lower utility values in patients with ADA-SCID were
explored in the sensitivity analysis.

Utility value for GvHD

No utility values for GvHD in ADA-SCID were identified in the literature
search. One-off quality-adjusted life year (QALY) losses (0.41 for acute GvHD
and 1.44 for chronic GvHD) were applied in the model to account for a utility
decrement from acute or chronic GvHD. A utility value of 0.39 was used to
calculate a utility decrement for severe acute GvHD, and a utility value of 0.52
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was used to calculate a utility decrement for chronic GvHD based on the
responses of patients from the UK in a study of health utilities in relation to
AEs in relapsed/refractory Hodgkin lymphoma and systemic anaplastic large
cell lymphoma [Swinburn, 2015]. Utility decrements were then adjusted based
on the expected duration of an acute and chronic GvHD episode based on
expert advice.

Formula for one-off utility decrement for acute GvHD:
(1-0.39) x 2/3 year = 0.41

Formula for one-off utility decrement for chronic GvHD:
(1-0.52) x 3 years = 1.44

10.1.10 If clinical experts assessed the applicability of values available or

estimated any values, please provide the following details’:

Clinical advice was sought from Dr. Andrew Gennery, a leading UK HSCT
Transplantation expert with clinical experience of managing patients with
ADA-SCID in the UK. Dr. Gennery was the only expert approached, and he
agreed to participate in this advice seeking activity. No conflict of interest was
identified on declaration. Dr. Gennery is a Clinical Reader in Paediatric
Immunology and Bone Marrow Transplantation at a UK University Hospital.
The advice seeking activity was a direct interview held at the hospital.

The majority of the questions asked focused on the diagnosis and
management pathways of patients with ADA-SCID in the UK as described in
Section 12.2.5. Additionally, Dr. Gennery was asked about utility values for
patients with ADA-SCID. Dr. Gennery agreed there was a high level of
uncertainty, so this was explored using sensitivity analyses. This discussion
informed the inputs in the analyses and supported the disease pathway
presented herewith.

10.1.11  Please define what a patient experiences in the health states in

terms of HRQL. Is it constant or does it cover potential variances?

Patients with ADA-SCID experience frequent severe infections, which can
require isolation and hospitalisation. The incidence of severe infections should
decrease after treatment with either Strimvelis or HSCT and decrease further
over time, particularly more than 3 years after treatment [Cicalese, 2016].

Patients with ADA-SCID also experience difficulty eating and gaining weight.
After treatment with either Strimvelis or HSCT, patients would be expected to

! Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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stay on a normal growth curve, although still below the 50" percentile for age
and weight [Cicalese,2016].

Neurological abnormalities such as cognitive deficits and hearing impairment
are common in patients with ADA-SCID. Treatment would not be expected to
affect these neurological abnormalities, which could affect HRQL. The effect
would be expected to be constant.

Some patients develop acute or chronic GvHD after treatment with HSCT
from a MUD or haploidentical donor. Patients treated with Strimvelis do not
develop GvHD. Acute GvHD may cause rash, nausea, vomiting, anorexia,
profuse diarrhoea, ileus, and cholestatic hepatitis. Chronic GvHD could be
limited to a single organ or could be more widespread. Chronic GvHD can
lead to debilitating consequences, such as loss of sight, joint contractures,
end-stage lung disease, or death [Filipovich, 2005].

10.1.12  Were any health effects identified in the literature or clinical trials

excluded from the analysis? If so, why were they excluded?

Parent decrement due to the loss of their child was not included in the base-
case but was explored in sensitivity analyses.

Additional effects on quality of life of carers and patients’ families were not
included in the analysis because these effects are difficult to quantify. Having
a child with ADA-SCID has a dramatic effect on quality of life for carers, who
report how debilitating isolation can be and how exhausting providing round-
the-clock-care can be. Additionally, carers reported that having a child with
ADA-SCID affected the entire family, including marriage and siblings [Data on
file]. By excluding these additional caregiver/family burden, the model
presents a more conservative estimate of the cost-effectiveness of Strimvelis.

10.1.13 If appropriate, what was the baseline quality of life assumed in the
analysis if different from health states? Were quality-of-life events

taken from this baseline?

Not applicable.

10.1.14  Please clarify whether HRQL is assumed to be constant over time.
If not, provide details of how HRQL changes with time.

HRQL was assumed to vary over time according to age-specific utility values
as discussed in Section 10.1.9.

10.1.15 Have the values been amended? If so, please describe how and

why they have been altered and the methodology.

The values have not been amended.
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Treatment continuation rules

10.1.16  Please note that the following question refers to clinical
continuation rules and not patient access schemes. Has a
treatment continuation rule been assumed? If the rule is not stated
in the (draft) SPC/IFU, this should be presented as a separate
scenario by considering it as an additional treatment strategy
alongside the base-case interventions and comparators.

Consideration should be given to the following.

e The costs and health consequences of factors as a result of
implementing the continuation rule (for example, any additional
monitoring required).

e The robustness and plausibility of the endpoint on which the rule
is based.

¢ Whether the ‘response’ criteria defined in the rule can be
reasonably achieved.

e The appropriateness and robustness of the time at which
response is measured.

o Whether the rule can be incorporated into routine clinical
practice.

e Whether the rule is likely to predict those patients for whom the
technology constitutes particular value for money.

¢ |ssues with respect to withdrawal of treatment from non-

responders and other equity considerations.

Not applicable as Strimvelis is administered as a single, one-time treatment.
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Section D — Value for Money and cost to the NHS and

personal social services

Section D requires sponsors to present economic evidence for their
technology. All statements should be evidence-based and directly relevant to

the decision problem.

11 Existing economic studies

111 Identification of studies

11.1.1 Describe the strategies used to retrieve relevant health economics
studies from the published literature and to identify all unpublished
data. The search strategy used should be provided as in section
17.3.

A brief discussion of the systematic literature search for economic studies in
ADA-SCID is provided in Section 10.1.5. The search yielded 6 results, but
none of them contained an economic evaluation relevant to the decision
problem. Specifics of the search are provided in the Appendix Section 17.3.
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Figure 4 PRISMA diagram for economic studies of treatment for

ADA-SCID
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11.1.2 Describe the inclusion and exclusion criteria used to select studies
from the published and unpublished literature. Suggested headings
are listed in Table D1 below. Other headings should be used if

necessary.

Table D 1 Selection criteria used for health economic studies

Inclusion criteria

Population Patients with ADA-SCID
Interventions HSCT from a MUD or haploidentical donor OR gene therapy
Outcomes All

Study design Any

Language None

restrictions

Search dates 28-Feb-2017

Exclusion criteria

Population Other than those described above
Interventions Other than those described above
Outcomes No restriction

Study design No restriction

Language No restriction

restrictions

Search dates No exclusion

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; HSCT=haematopoietic
stem cell transplantation; MUD=matched unrelated donor.

11.1.3 Report the numbers of published studies included and excluded at

each stage in an appropriate format.

The literature search yielded 6 results. All of the results were excluded
because they did not provide economic analysis of treatments for ADA-SCID.

11.2 Description of identified studies

11.2.1 Provide a brief review of each study, stating the methods, results

and relevance to the scope.

Not applicable.

11.2.2 Provide a complete quality assessment for each health economic
study identified. A suggested format is shown in table D3.

Not applicable.

Specification for company submission of evidence 134 of 252



12 Economic analysis

Summary

e Strimvelis generates 13.6 additional QALYS vs HSCT from a MUD.

e Strimvelis generates 11.7 additional QALYS vs HSCT from a
haploidentical donor.

e The ICER for Strimvelis versus an HSCT from a MUD is £36,360/QALY
gained and the ICER for Strimvelis versus an HSCT from a
haploidentical donor is £14,645/QALY gained, which are both
considerably below the acceptability threshold for HSCT.

e Strimvelis is highly cost-effective, particularly for an ultra-rare disease
with high unmet need.

12.1 Description of the de novo cost-effectiveness analysis

Patients

12.1.1 What patient group(s) is (are) included in the cost-effectiveness
analysis?

People with ADA-SCID for whom no suitable HLA-matched related stem cell
donor is available are included in the cost-effectiveness analysis.

Technology and comparator

12.1.2 Provide a justification if the comparator used in the cost-

effectiveness analysis is different from the scope.

Not applicable.
Model structure

12.1.3 Provide a diagram of the model structure you have chosen.
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12.1.4 Justify the chosen structure in line with the clinical pathway of care.

The model represented in Figure 5 is an economic model designed for
conducting cost-effectiveness and budget impact analyses for ADA-SCID
therapies.

The model structure describes the stages in the clinical pathway for patients
suffering from ADA-SCID seen in clinical practice. Parameters were drawn from
clinical studies, peer-reviewed literature, clinical practice, and expert advice.
Plausible assumptions were made, where necessary, and the basis for these
assumptions is provided in this report. When data were missing, dated, or
uncertain, we explored the consequences of data uncertainties with extensive
deterministic and probabilistic sensitivity analyses.

The model was used to estimate the costs and outcomes for patients treated with
Strimvelis and to compare these estimates with the corresponding costs and
outcomes of the current practice of HSCT from either a MUD or haploidentical
donor. Effects are estimated as quality-adjusted life year [QALY] for each type of
intervention and QALY treatment differences. The relative impact on medical
costs is expressed as incremental cost-effectiveness ratios (ICERs). The
analysis is conducted from an NHS perspective and uses a lifetime horizon.

The model is a cohort model, and consists of three ‘arms’ representing
Strimvelis, and HSCTs from a MUD or from a haploidentical donor. The model is
constructed as a combination of an initial decision tree that represents the patient
pathway from the diagnosis until the immediate outcomes of an HSCT or a
Strimvelis procedure. After the initial procedure (HSCT or Strimvelis), the
subsequent patients’ survival, health outcomes, and costs are modelled using a
Markov modelling approach, following patients in annual cycles. The decision
tree captures the initial screening or waiting for Strimvelis procedure, and
clinically observed outcomes of the initial procedure, whereas the Markov model
describes the subsequent long-term health outcomes and costs for patients who
survive the initial procedure.

The model parameters are given in Table D 5.

At the outset, patients with ADA-SCID for whom no MRD is available are
assigned to HSCT treatment or to Strimvelis treatment and all patients begin
receiving PEG-ADA treatment. A screening for a MUD is performed for all
patients assigned to HSCT treatment. Patients assigned to Strimvelis treatment
also start treatment with PEG-ADA to bridge the time between diagnosis and the
Strimvelis procedure, however no donor screening is needed for Strimvelis
patients.

Hence, Strimvelis patients have a significantly shorter duration of expensive
PEG-ADA therapy when compared with those assigned to HSCT procedures.
Time required for screening was estimated at 19 weeks [Gaspar, 2013] whereas
the time between the start of PEG-ADA and Strimvelis procedure is estimated at
9 weeks as per the treatment schedule with Strimvelis. Administering PEG-ADA
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prior to transplant therapy stabilizes a patient’s clinical state, but it is expensive
and requires weekly infusion trips to the clinical centre that disrupt the lives of
patients and their caregivers. Hence, shortening the period on PEG-ADA is
desirable both from a cost standpoint and from a HRQL perspective. The model
accounts for the cost of PEG-ADA treatment, but not for the impact on QoL. No
mortality is assumed between the start of PEG-ADA and HSCT or Strimvelis.

The entire initial sequence of events leading up to the initial transplant
procedures is represented by model states labelled (1): ‘PEG-ADA awaiting
Strimvelis’ and ‘PEG-ADA and screening for a MUD.’

The period of finding a suitable donor or waiting for a Strimvelis procedure is
followed by the initial transplant outcomes, which are shown in Figure 5 as three
elongated ovals labelled as ‘Strimvelis’, ‘HSCT from a MUD’, and ‘HSCT from a
haploidentical donor’. In the model, these events are not model states; they
merely reflect the point at which the costs and outcomes of the initial procedures
are assigned. The initial procedure results in 1 of 3 possible immediate health
outcomes: successful transplantation, labelled as model state (2) ‘Success, long
term survival’; failure to engraft, labelled as model state (3) ‘Unsuccessful
engraftment, PEG-ADA, awaiting rescue HSCT’; or post-procedure death, a
transition to model state (5), ‘Dead’.

The decision tree section of the model ends at the post procedure outcomes.
Subsequently, a Markov approach is applied to model health outcomes and costs
for patients with successful procedure, and patients with a failed initial procedure.
Model states (2) and (3) are the starting states for the Markov sections of the
model. The Markov trace follows 2 initial cycles of 6-month duration, and
subsequently follows patients’ outcomes, survival and costs on an annual cycle.
A 1-year cycle length was chosen in order to be consistent with the time frame
for clinical assessment.

In each model arm, patients who survive the procedure and successfully engraft
(model state [2]) begin treatment with IVIG, which continues at a gradually
diminishing rate until year 8. The mortality and health related quality of life of
these patients is based on age-matched general population mortality and health
utilities. The model follows patients’ age and growth (expressed in body weight).
The body weight information is needed to calculate the dose and costs of IVIG
therapy since the recommended dose is expressed on a g/kg basis.

Patients that have engraftment failure either after HSCT or Strimvelis (model
state [3]) commence ERT with PEG-ADA and wait for a rescue HSCT. Patients
remain in state (3) until a rescue HSCT procedure is performed, with a waiting
time of 2 years between initial procedure and rescue HSCT. The rescue
transplant procedure is represented by the model events ‘Rescue HSCT (MSD).’
In the model, the rescue HSCT is assumed to be from an MSD. However,
assuming a rescue MUD in the event of no new MSD by Year 3 is investigated in
sensitivity analyses. Following rescue transplantation, the surviving patients enter
Markov health state (4) ‘Long term survival after rescue HSCT’.
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Patients who receive an HSCT from a MUD or a haploidentical donor may

experience graft versus host disease (GVHD). Onset of GVHD is associated with

one-off costs and loss of QALY that accrue in the model during the first Markov

cycle after the procedure.

The health states in the model are presented below. The structure of the tables in

this report, and reported costs and health outcomes mirror the structure of the

health states.

12.1.5 Provide a list of all assumptions in the model and a justification for

each assumption.

Table D2 List of key assumptions in the model

Assumption

Source

1. All patients survive from
diagnosis to initial treatment
with Strimvelis or HSCT with the
use of PEG-ADA

PEG-ADA survival is approximately 78% at
20 years with half of the deaths on ERT
occurring within the first 6 months of
treatment [Gaspar, 2009].

However, for simplicity, it was conservatively
assumed that survival is 100% between
diagnosis and treatment.

2. The survival data after Strimvelis
and after HSCT used in the
model are true reflections of
survival after Strimvelis and
after HSCT for patients with
ADA-SCID

See Section 12.2.1 for details. Survival data
after HSCT from a MUD or haploidentical
donor were drawn from Hassan [Hassan,
2012]; survival after Strimvelis is from
Cicalese [Cicalese, 2016].

Overall 1-year survival is 100% after
Strimvelis, 67% after HSCT from a MUD,
and 71% after HSCT from a haploidentical
donor.

The cost and effect consequences of higher
survival in HSCT procedures were examined
in the sensitivity analyses.

3. A rescue transplant (if needed)
occurs in Year 3 after Strimvelis
or HSCT

No data were presented in Hassan (2012) on
the timing of a rescue transplant after HSCT
from a MUD or haploidentical donor [Hassan,
2012].

Rescue transplant was assumed to occur in
Year 3 (2 years after the initial procedure)
based on expert clinical advice.
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Assumption

Source

4. Any rescue transplant required is
from an MSD

Hassan reported that the 2000-2009
haploidentical donor cohort patient who
failed to engraft subsequently received

2 rescue MSD HSCTs (from a newly born
sibling) [Hassan, 2012].

Additionally, in the Strimvelis clinical
programme, the 2 patients who received
rescue transplants received their transplants
from an MSD (from newly born siblings).
For simplicity, 100% survival and 100%
success were assumed for MSD.

The possibility of using a MUD as the donor
source for some rescue transplants was
explored in the sensitivity analyses.

5. If a rescue transplant is required,
then the patient receives PEG-
ADA until a transplant takes
place, and PEG-ADA
commences 3 months after
treatment failure

In the Integrated Population from the
Strimvelis clinical programme, 3 patients had
an unsuccessful response to Strimvelis, all of
whom received PEG-ADA after Strimvelis.
The shortest time to restarting PEG-ADA
was 0.34 years, or approximately 4 months.
Therefore, 3 months was chosen as the
earliest point PEG-ADA would be restarted.
This was confirmed with expert clinical
advice.

6. Patients do not stay on long-
term PEG-ADA

One patient from the Strimvelis Integrated
Population had an unsuccessful response to
Strimvelis, began treatment with PEG-ADA,
and did not proceed to rescue transplant but
instead remained on long-term PEG-ADA.
In the scoping workshop, it was suggested
that long term PEG-ADA is not an option
considered in England.

Therefore, it was assumed that all patients in
England would receive a rescue transplant
(HSCT from a MSD) instead.

7. All patients waiting for a rescue
transplant survive until
transplant

No patients in the Strimvelis Integrated
Population died while waiting for rescue
transplant.

Hassan et al did not discuss deaths while
waiting for a rescue transplant for any
patients who received HSCT from a MUD or
haploidentical donor. Any such deaths would
have been included in the overall survival
data [Hassan, 2012].

It was conservatively assumed that all
patients waiting for a rescue transplant
survive until transplant.
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Assumption

Source

8. All Strimvelis patients with a
failed engraftment have VCN
testing in the period up to their
rescue transplant

All Strimvelis patients will have VCN testing
to monitor engraftment status. Those who fail
to engraft will need additional testing while
they wait for their rescue transplant
procedure.

9. All patients require IVIG after
intervention (Strimvelis or HSCT
from a MUD or haploidentical
donor): the proportion of
patients receiving IVIG falls over
time as per reported clinical
data

In the Strimvelis clinical programme, all
patients received IVIG after Strimvelis.
Patients were able to discontinue IVIG over
time, with more patients discontinuing IVIG
use as time progressed. At Year 3, 10 of 17
patients (58.8%) were receiving IVIG. At the
time of data cut (varying length of time since
receipt of Strimvelis, median follow-up

6.9 years), 12 of 18 patients had
discontinued IVIG [Cicalese, 2016]. Only 1 of
5 patients who had at least 8 years of follow-
up was receiving IVIG in Year 8, and that
patient was on long-term PEG-ADA and
would probably have received rescue
transplant if in England. Therefore, the IVIG
use rate was taken as 0% of patients with
successful engraftment at Year 8.

In Hassan, 5 of 7 survivors of HSCT from a
MUD with available data and all 7 of 7
survivors of HSCT from a haploidentical
donor with available data had discontinued
IVIG (varying length of follow-up, average for
all patients 6.5 years) [Hassan, 2012].

It was conservatively assumed that IVIG use
rates after HSCT from a MUD or
haploidentical donor would be similar to rates
observed in the Strimvelis clinical
programme.

10. The average weight of an
ADA-SCID patient is the 25th
percentile of the weight
distribution of an average child

Patients with ADA-SCID characteristically
show a 'failure to thrive' [Hershfield, 2017].
Patients in the Strimvelis clinical programme
continued to track along their original
percentiles for growth but remained below
the 50" percentile for a normal, age-matched
population [Cicalese, 2016]. The effects of
decreasing the average weight were
explored in sensitivity analyses.
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Assumption

Source

11. The rate of severe infections
after Strimvelis is the same as
the rate after HSCT from a MUD
or haploidentical donor

The rate of severe infections in the Strimvelis
Integrated Population was 0.26 from

4 months to 3 years after intervention and
0.07 for 4 years through 8 years. Similarly
defined information was not available for
HSCT from a MUD or haploidentical donor.
In the absence of information on HSCT, the
rates have been assumed to be the same,
and this assumption was confirmed with an
external clinical expert.

12. Life expectancy for survivors
after Strimvelis or HSCT from a
MUD or haploidentical donor or
rescue transplant is equal to
that of the general population

Kaplan-Meier overall survival curves for
patients who received HSCT from a MUD or
haploidentical donor, do not show deaths
after approximately 1 year with a median
follow-up after transplantation of 6.5 years
(range 1.6 to 27.6 years) [Hassan, 2012].
No patients from the Strimvelis clinical
programme have died after a median

6.9 years of follow-up (range 2.3 to 13.4
years) [Cicalese, 2016].

Clinical advice confirmed that this life
expectancy assumption is reasonable.

13. In most cases, treatment and
follow-up with Strimvelis would
be 3.7 months and take place at
the San Raffaele Hospital in
Milan

Based on the clinical schedule from San
Raffaele Hospital. The impact of an extra
month of follow-up is explored in a sensitivity
analysis.

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; BMT=bone marrow transplant;

GSK=GlaxoSmithKline; HSCT=haematopoietic stem cell transplantation; IVIG=intravenous immunoglobulin;
MUD=matched unrelated donor; NICE=National Institute for Health and Care Excellence; PEG-ADA=polyethylene
glycol-modified bovine adenosine deaminase; SCID= severe combined immunodeficiency; UK=United Kingdom;

VCN=vector copy number.
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12.1.6
Table D3 Model health states

Define what the model’s health states are intended to capture.

Health state

Description

(1) PEG-ADA therapy represented
as boxes labelled ‘PEG-ADA
awaiting Strimvelis’ and ‘PEG-ADA
and screening for a MUD’

A model state describing the initial
period after diagnosis for patients
with ADA-SCID for whom no MRD is
available. All patients in state (1) in
Figure 5 receive PEG-ADA therapy.
Strimvelis patients remain on PEG-
ADA for 9 weeks in the base-case. A
screening for a MUD donor is
required for all patients assigned to
HSCT treatment and they remain on
PEG-ADA for 19 weeks in the
base-case.

State (1) is part of the decision tree
part of model

(2) Represented by the boxes
labelled ‘Success, long term
survival’

A model state describing patients
who survive the initial transplant and
have a successful engraftment.
Patients in this Markov state
experience a decreased quality of
life and require high cost follow-up in
the 15t post-procedure cycle.

A proportion of HSCT patients in
state (2) experience GVHD, with
associated cost of treatment and
loss of QALY. These costs are one-
off in nature and are incurred at
model cycle 1. Patients who receive
Strimvelis treatment do not
experience GVHD.

Infections are observed in all
patients in state (2) after their
procedure.

State (2) is located at the end of the
decision tree part of model and the
beginning of the Markov trace part of
the model.

Specification for company submission of evidence

143 of 252



Health state Description

(3) Represented by the boxes A model state describing patients
labelled ‘Unsuccessful engraftment, | who survive the initial transplant and
PEG-ADA, awaiting rescue HSCT’ have an engraftment failure. Patients
in this Markov state experience a
decreased quality of life and require
high cost follow-up.

A proportion of HSCT patients in
state (3) experience GVHD, with
associated cost of treatment and
loss of QALY. These patients start
PEG ADA therapy 3 months after the
failed initial procedure. PEG-ADA is
an expensive treatment required to
bridge these patients for a rescue
HSCT transplantation.

In the base-case, patients remain in
state (3) for 2 years post-initial
implant, and no mortality is expected
over that period. After 2 years (in
model year 3), patients receive a
rescue transplant and enter Markov
state (4) ‘Long term survival after
rescue HSCT.’ No post procedure
mortality is assumed in the

base-case.

This state is in the Markov trace part

of the model.
(4) Represented by the boxes Patients in state (4) follow a survival
labelled ‘Long term survival after pathway similar to that of patients in
rescue HSCT’ state (2). Their costs include costs

associated with IVIG use, GVHD,
and infection. No subsequent costs
are incurred after completion of IVIG

use.
State (4) is in the Markov trace part
of the model.
(5) Represented by the boxes State (5) is the terminal health state
labelled ‘Dead’ for all patients and represents
patients who have died from any
cause.

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; GvHD=graft vs host disease;
IVIG=intravenous immunoglobulin; HSCT=haematopoietic stem cell transplantation; IVIG=intravenous immunoglobulin;
MRD=matched related donor; MUD=matched unrelated donor; PEG-ADA=polyethylene glycol-modified bovine
adenosine deaminase; QALY=quality-adjusted life year.
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12.1.7 Describe any key features of the model not previously reported.

Table D4 Key features of model not previously reported

Factor

Chosen values

Justification

Reference

Time horizon of
model

Lifetime

Strimvelis and HSCT increase the long-term survival
from ADA-SCID, and the effect is assumed to be lifelong

NA

Discount rate, costs
and outcomes

1.5%

Point 47 of the “Interim Process and Methods of the
Highly Specialised Technologies Programme Updated to
reflect 2017 changes” guidance, states:

In cases when treatment restores people who
would otherwise die or have a very severely
impaired life to full or near full health, and when
this is sustained over a very long period
(normally at least 30 years), cost-effectiveness
analyses are very sensitive to the discount rate
used. It is likely that application of non-reference
case discounting will occur more often for highly
specialised technologies and analyses that use a
non-reference-case discount rate for costs and
benefits may be more appropriate In line with the
Guide to the Methods of Technology Appraisal, in
cases when treatment restores people who
would otherwise die or have a very severely
impaired life to full or near full health, and when
this is sustained over a very long period
(normally at least 30 years), analyses that use a
non-reference-case discount rate for costs and
outcomes may be considered. A discount rate of
1.5% for costs and benefits may be considered
by the Evaluation Committee if it is highly likely
that, on the basis of the evidence presented, the

Interim Process and Methods
of the Highly Specialised
Technologies Programme
Updated to reflect 2017
changes [NICE, 2017a]

NICE guidance document
‘Eculizumab for treating
atypical haemolytic uraemic
syndrome’

Published: 28 January 2015
Accessed: March 29 2017
Available at
nice.org.uk/guidance/hst1

NICE guidance document
‘Mifamurtide for the treatment
of osteosarcoma’

Published: 26 October 2011
Accessed: March 29 2017.
Available at
nice.org.uk/guidance/ta235
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Factor

Chosen values

Justification

Reference

long-term health benefits are likely to be
achieved. Further, the Evaluation Committee will
need to be satisfied that the introduction of the
technology does not commit the NHS to
significant irrecoverable costs.

We have applied a discount rate of 1.5% to both costs
and outcomes on this basis. Patients treated with
Strimvelis are expected to have a long and sustained
benefit and regain normal life expectancy. Given the
minimal budget impact of Strimvelis, the introduction of
the technology would not commit the NHS to significant
irrecoverable costs.

In addition, a 1.5% discount rate is commonly used
when assessing interventions where a significant
amount of the benefit accrues long after the intervention
occurs, such as public health programmes. The NICE
Appraisal Committee accepted this same rationale as
justification for using a 1.5% discount rate in the cost-
consequence analyses for eculizumab for treating
atypical haemolytic uraemic syndrome and mifamurtide
for the treatment of osteosarcoma.

Perspective
(NHS/PSS)

NHS

NICE reference case

NA
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Factor Chosen values Justification Reference

Cycle length 1 year (except for The Markov model was used to project health outcomes | NA
first year, which and costs forward following the initial transplant
consists of 2 cycles | procedure.
of 6 months) The first year consists of 2 cycles in order to capture

i) disutility post treatment in the first 6 months, and
i) 6-month survival

Abbreviations: ADA-SCID=adenosine deaminase-severe combined immunodeficiency; HSCT=haematopoietic stem cell transplantation; HST=highly specialised technologies; NA=not
applicable; NHS=National Health Service; NICE=National Institute for Health and Care Excellence; PSS=Prescribed Specialised Services.
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12.2 Clinical parameters and variables

12.2.1 Describe how the data from the clinical evidence were used in the

cost-effectiveness analysis.

When available, data from the clinical programme for Strimvelis and data from
the literature on HSCT from a MUD or haploidentical donor (as historical
control evidence) were used in the cost-effectiveness analysis. It is important
to note that ADA-SCID is an ultra-rare disorder and therefore patient numbers
are very low in the reported cohorts. Due to the small patient cohorts, a single
patient can have a large impact on results.

Taking a conservative approach (as the intervention-free survival rate varied
across studies), data from the Strimvelis Integrated Population were used for
all inputs in the base-case where available. The impact of using data from the
Pivotal Population, which had a higher intervention-free survival rate (meaning
a lower expected rescue transplant rate), was explored in sensitivity analyses.

For most variables, the findings by Hassan et al were chosen as the best
representation of results for HSCT from a MUD or haploidentical donor
because this study contained the largest cohorts of patients specifically with
ADA-SCID reported within the last 10 years. Retrospective data were
collected from questionnaires distributed to all Inborn Errors Working Party
members of the EBMT and to centres in North America and Saudi Arabia.
Results were available for 106 children with ADA-SCID who received HSCT
between August 1981 and March 2009 in 16 international transplantation
centres. There were approximately equally numbers of males and females;
median age at transplantation was 4 months (range 2 weeks to 7 years). Most
patients (93%) had not received prior long-term PEG-ADA (longer than

3 months). Median follow-up was 6.5 years (range 1.6-27.6 years). These
demographics are consistent with the patient population expected in England.
In general, the patients reported in Hassan were similar to the patients in the
Strimvelis Integrated Population. Exceptions were that the median age at the
time of treatment was higher in the Strimvelis Integrated Population and
patients in the Strimvelis Integrated Population were more likely to have failed
previous treatment (previous HSCT from a haploidentical donor or long-term
PEG-ADA), making them more difficult patients to treat. Of the 106 patients,
15 received HSCT from a MUD and 30 received HSCT from a haploidentical
donor, which is larger than any other cohorts of patients with ADA-SCID
identified in the literature search. The cohort that received HSCT from a
haploidentical donor was analysed by decade of treatment (2000-2009). The
cohort that received HSCT from a MUD was not analysed by decade in the
publication because MUDs were only used as a donor source since 1995.
Limitations of the study include the retrospective nature and the lack of
detailed reporting of some key items such as adverse events. The degree of
HLA-matching of MUDs and haploidentical donors was not reported. Despite
these limitations, the study by Hassan et al. has been considered the most
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appropriate source for clinical variables for HSCT from a MUD or
haploidentical donor.

Time to treatment
Strimvelis

Time from diagnosis to treatment in a clinical trial was not considered
applicable to the expected time to treatment of an approved product.
Therefore, the expected 9 weeks from the clinical schedule from San Raffaele
Hospital was used for the average time to treatment with Strimvelis.

HSCT from a MUD or haploidentical donor

The median time from diagnosis to transplant for patients with SCID at Great
Ormond Street Hospital, London between 2000 and 2005 was 129 days (18.4
weeks) [Gaspar, 2013]. This includes transplant from all donor sources,
including MSD, which would be expected to be faster, so using a value of

19 weeks for the time to transplant for HSCT from a MUD or haploidentical
donor is considered a conservative approach.

Overall survival

For all treatments, the general survival curve for the England/Wales
population was used to predict long-term survival after the first 3 years after
successful treatment as there is no evidence to suggest a reduction in survival
compared with the general population after this point.

Strimvelis

All patients from the Strimvelis clinical programme are currently alive;
therefore, survival in the Integrated Population was 100% at a median follow-
up of 6.9 years. Maximum follow-up in the Integrated Population was 13 years
at the time of data cut [Cicalese, 2016].

HSCT from a MUD or haploidentical donor

Survival data after HSCT from a MUD or haploidentical donor were drawn
from the published data. The maijority of deaths reported after all types of
transplantations (63%; 22 of 35) were in the first 100 days after
transplantation; 13 deaths occurred after 100 days (Figure 6). Hassan
recorded data for only 15 HSCTs from a MUD and 30 HSCTs from a
haploidentical donor [Hassan, 2012].

Hassan reported that overall survival for patients who received an HSCT from
a haploidentical donor was 43% after a median all patient follow-up of

6.5 years (range 1.6-27.6 years). GSK and NICE agreed at the Highly
Specialised Technologies scoping meeting that the survival data for patients
who received HSCT from a haploidentical donor in the years 2000-2009 was a
better representation of current practice than the overall survival reported for
the whole duration of the study. In the 2000-2009 cohort, 7 patients were
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treated with HSCT from a haploidentical donor, and 5 patients survived (71%).
We used this figure as 1-year survival rate for patients who receive an HSCT
from a haploidentical donor [Hassan, 2012].

We used the overall survival rate of 67% for estimates of survival for patients
who receive an HSCT from a MUD. Hassan et al. did not analyse survival
after HSCT from a MUD by decade because these procedures were first used
in 1995 [Hassan, 2012].

Figure 6 Survival after HSCT [Hassan, 2012]
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Abbreviations: HAPLO=haploidentical donor; HSCT=haematopoietic stem cell transplantation; MFD=matched
family donor; MMUD=mismatched unrelated donor; MSD=matched sibling donor; MUD=matched unrelated donor.

IVIG use
Strimvelis

All patients in the Strimvelis Integrated Population underwent IVIG
replacement therapy after receiving Strimvelis; an increasing number of
patients were able to discontinue IVIG use as time progressed. At Year 3, 10
of 17 patients (58.8%) were receiving IVIG. At the time of data cut (08-May-
2014, varying lengths of time since receipt of Strimvelis, median follow-up 6.9
years), 12 of 18 patients had discontinued IVIG and 6 remained on IVIG
[Cicalese, 2016]. Only 1 of 5 patients who had at least 8 years of follow-up
was receiving IVIG in Year 8, and that patient was on long-term PEG-ADA
and would have received rescue transplant if in England. Therefore, the IVIG
use rate was 0% of patients with successful engraftment at Year 8 [Cicalese,
2016; Data on file]. In the model, we used an IVIG use rate after Strimvelis of
100% at Year 1, 58.8% at Year 3, and 0% at Year 8 or later. GSK sought
external expert advice on these rates, and they were considered appropriate.
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HSCT from a MUD

Hassan (2012) Figure 3 appears to show that 2 out of 7 patients (28.6%) with
available data were still using IVIG at the time of reporting. The mean
follow-up for patients who received an HSCT from a MUD was not reported.
The mean follow-up for all 55 patients with immune reconstitution data,
irrespective of donor type, was 6.6 years, with a range of 1 to 22 years. The
rate of IVIG use at other time points was not reported [Hassan, 2012].

In the model, it is conservatively assumed IVIG use after HSCT from a MUD
would be similar to IVIG use after Strimvelis. Therefore, for modelling we used
an IVIG use rate after HSCT of 100% at Year 1, 58.8% at Year 3, and 0% at
Year 8 or later.

HSCT from a haploidentical donor

No IVIG use data are shown following HSCT from a haploidentical donor for
the 7 patients in the 2000-2009 Hassan cohort. Data are shown for 7 patients
(from the entire haploidentical cohort of 30), and none of these patients were
on IVIG at data cut off [Hassan, 2012].

For modelling, we conservatively assumed IVIG use after HSCT from a
haploidentical donor would be similar to IVIG use after Strimvelis. Therefore,
we used an IVIG use rate after Strimvelis of 100% at Year 1, 58.8% at Year 3,
and 0% at Year 8 or later in the base-case.

Rescue transplant
Strimvelis

Three patients of 17 with available data in the Strimvelis Integrated Population
had an unsuccessful response to Strimvelis. Two patients subsequently
received a post-gene therapy HSCT from a matched sibling donor, and

1 patient continues to receive long term PEG-ADA treatment. Following the
feedback from clinical experts at the scoping workshop, we assumed that, in
England, the latter patient would eventually receive a rescue transplant.
Therefore, for Strimvelis, we assumed that the rescue transplant rate

is 3/17 (17.6%).

HSCT from a MUD

Hassan (2012) reported that 1 patient of 15 (6.7%) required a rescue
transplant; however, the timing of the rescue and the outcome were not
reported [Hassan, 2012]. For HSCT from a MUD, we assumed that the rescue
transplant rate is 1/15 (6.7%).

HSCT from a haploidentical donor

For the 2000-2009 cohort, Hassan (2012) reported that 1 of the 7 patients
moved to rescue gene therapy and 1 patient moved to a rescue transplant.
The 1 patient who required a rescue transplant received 2 rescue transplants.

Specification for company submission of evidence 151 of 252



If Strimvelis is not available, we assumed that 2/7 (28.6%) of patients who
receive an HSCT from a haploidentical donor would require a rescue
transplant. Note that for the entire cohort that received an HSCT from a
haploidentical donor (n=30), 8 patients required a rescue transplant (26.7%)
[Hassan, 2012].

Severe infection rates

Strimvelis

The severe infection rate between 4 months and 3 years after Strimvelis for
the Integrated Population was 0.26 severe infection per person-year of
observation [Cicalese, 2016]. We used this number in the base-case of the
model for the severe infection rate for the first 3 years after Strimvelis. The
severe infection rate between 3 years and 8 years was 0.07 [Cicalese, 2016],
and this number was used in the base-case of the model for the severe
infection rate for the corresponding time.

HSCT from a MUD or haploidentical donor

We did not find reported information on the rate of severe infections after
HSCT from a MUD or haploidentical donor. We conservatively assumed that
the severe infection rate after these procedures is the same as that observed
after Strimvelis (0.26 severe infection per person-year for the first 3 years and
0.07 between 4 years and 8 years).

GVHD rates
Strimvelis

Strimvelis is an autologous therapy, so GvHD would not be expected. GvHD
has not been observed in patients after Strimvelis [Cicalese, 2016].

HSCT from a MUD or haploidentical donor

Hassan (2012) reported that GvHD was the cause of 15% of all deaths,
including 2 of the 13 deaths (15.4%) after 100 days. These figures were not
disaggregated by donor source. No other data were reported in Hassan on the
incidence of GvHD [Hassan, 2012].

We used the data for adverse events reported in the literature for patients with
ADA-SCID after HSCT from a MUD or haploidentical donor as shown in Table
C 28 to estimate the probability of GvHD after an HSCT from a MUD or
haploidentical donor. Note that Booth 2007 was excluded from the calculation
because GvHD was reported, but numbers were not provided. Additionally,
the literature did not always report if a case of GvHD was acute or chronic or
the grade. As these events were pulled from case reports in the literature and
not a systematic reporting, it is possible that these events were underreported.

e For HSCT from a MUD, a total of 9 GvHDs were reported in 28 patients
(32.1%): 4 of these GvHDs were grade Ill or IV, of which it appears 3
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were acute and 1 was chronic. We therefore assumed that 10.7%
(3/28) of patients who receive an HSCT from a MUD experience a
grade Il or IV acute GvHD and 3.6% (1/28) of patients who receive an
HSCT from a MUD experience a grade Il or IV chronic GvHD.

e For HSCT from a haploidentical donor, 3 GvHDs could be clearly
determined in 9 patients (33.3%): 1 of these GvHDs was recorded as
grade Il (acute or chronic not reported): we conservatively assumed
that this GvHD was acute. We therefore assumed that 11.1% (1/9) of
patients who receive an HSCT from a haploidentical donor experience
a grade lll or IV acute GvHD and no patients who receive an HSCT
from a haploidentical donor experience grade Ill or IV chronic GvHD.

12.2.2 Are costs and clinical outcomes extrapolated beyond the study
follow-up period(s)? If so, what are the assumptions that underpin

this extrapolation and how are they justified?

Patients in the Strimvelis clinical programme Integrated Population had a
median follow-up of 6.9 years (range: 2.3 to 13.4 years) at data cut, which is a
very substantial length of follow-up. Survival was 100% [Cicalese, 2016]. The
mechanism of action of Strimvelis involves engraftment of CD34+ cells in the
bone marrow, where they repopulate the haematopoietic system with a
proportion of cells that express pharmacologically active levels of the ADA
enzyme. Following successful engraftment in a patient, the effects of
Strimvelis are expected to be lifelong [Strimvelis SmPC, 2016]. We therefore
assumed that the yearly probability of death after 3 years for patients who
receive Strimvelis is the same as that for the general England/Wales
population. Clinical experts confirmed that this is a reasonable assumption.

For HSCT, a retrospective analysis analysed 106 children with ADA-SCID
treated with HSCT. The median follow-up after transplantation was 6.5 years
(range: 1.6 to 27.6 years). Overall survival was reported as 67%, varying from
29% after HSCT from a mismatched unrelated donor (MMUD) to 86% after
HSCT from an MSD. In the overall cohort of 106 children, the mean time to
death after transplant was 142 days, and the median time was 54 days (range
1 day to 2 years) [Hassan, 2012]. Analysis of the Kaplan-Meier curves
appears to indicate that all deaths in patients who received an HSCT from a
MUD occurred within 6 months and all deaths in patients who received an
HSCT from a haploidentical donor occurred within 1 year [Hassan, 2012]. We
therefore assumed that the probability of death after 3 years for patients who
receive an HSCT from a MUD or a haploidentical donor is the same as the
general England/Wales population.

The only costs that are incurred beyond the study follow-up period are drug
and treatment costs for IVIG. The assumptions and calculations for these IVIG
costs are discussed in Section 12.2.6.
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12.2.3 Were intermediate outcome measures linked to final outcomes (for
example, was a change in a surrogate outcome linked to a final
clinical outcome)? If so, how was this relationship estimated, what
sources of evidence were used and what other evidence is there to
support it?

Intermediate outcome measures are not linked to final outcome measures in
the model. Although intermediate outcome measures (such as vector copy
number and engraftment) would be expected to correlate with final outcome
measures (specifically survival), these intermediate outcome measures were
not used in the model because data are available on final outcome measures
over a long-term follow-up period.

12.2.4 Were adverse events included in the cost-effectiveness analysis? If
appropriate, provide a rationale for the calculation of the risk of

each adverse event.

GvHD is included in the model as a treatment-related AE after an HSCT from
a MUD or haploidentical donor. The calculation and rationale for the estimates
used for the probability of GvHD are contained in Section 12.2.1.

AEs related to conditioning regimens were not included in the cost-
effectiveness analysis because no quantified data are available. This is a
conservative assumption for Strimvelis because Strimvelis uses a low-dose
busulfan conditioning regimen whereas some HSCT protocols use full-dose
chemotherapy regimens [Hassan, 2012] and AEs may be dose-dependent
[Busulfan SmPC, 20186].

12.2.5 Provide details of the process used when the sponsor’s clinical

advisers assessed the applicability of available or estimated clinical

model parameter and inputs used in the analysis.

Clinical advice was sought from Dr. Andrew Gennery, a leading UK HSCT
Transplantation expert with clinical experience of managing patients with
ADA-SCID in the UK. Dr. Gennery was the only expert approached and
agreed to participate in this advice seeking activity. No conflict of interest was
identified on declaration. Dr. Gennery is a Clinical Reader in Paediatric
Immunology and Bone Marrow Transplantation at a UK University Hospital.
The advice seeking activity was a direct interview held at the hospital.

The questions asked focused on the diagnosis and management pathways of
patients with ADA-SCID in England with respect to

e duration, clinical course and cost from diagnosis to interventions
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e donor search pathways in England and associated cost to perform
these

e proportions of patients with ADA-SCID without an MRD and
management pathways used in England for these patients including
cost

¢ validation of literature figures used in our models to reflect practice in
England (eg. rates of HSCTs from haploidentical donors and MUDs,
rate of rescue transplants)

¢ follow up management pathway and cost in England, including the
need of other treatments (eg. IVIG use, PEG-ADA)

¢ clinical outcomes following current management pathways of ADA-
SCID in England, including rates of severe infection, GVHD, and child
growth

Dr. Gennery’s recommendations were incorporated in the model. Any
remaining uncertainty was explored using sensitivity analyses.

12.2.6 Summarise all the variables included in the cost-effectiveness

analysis. Provide cross-references to other parts of the submission.

Details on the variables used in the analysis and the values selected are given
in Table D 5. Where available, variables from the Strimvelis clinical
programme and the literature searches previously described were used. In
some cases, data were not available from the Strimvelis clinical programme or
the available literature on HSCT from a MUD or haploidentical donor for the
treatment of ADA-SCID.

Patients in the Strimvelis clinical programme are at various stages of follow-
up, and cost data are not available in some instances. Reporting of data on
some topics in the literature related to HSCT from a MUD or haploidentical
donor for the treatment of ADA-SCID is incomplete and extremely limited. In
these cases, we took a conservative stance using data from relevant similar
medical conditions and provided the justification for using this information or
assuming rates for HSCT similar to Strimvelis. Cost data were obtained from
pragmatic searches for specific costs and Hettle, 2017.

Table D5 Summary of variables applied in the cost-effectiveness
model

Variable Baseline Value Notes

Overall Survival

Strimvelis: 18/18 (100%) [Cicalese, 2016]
first 6 months
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Variable

Baseline Value

Notes

Strimvelis:
6 months - 100 years

100% until the end of Year
3 and general population
survival curve changes
thereafter

No deaths were observed
within a median follow-up
time of 6.9 years [Cicalese,
2018].

HSCT from a MUD:
first 6 months

10/15 (67%)

[Hassan, 2012]

HSCT from a MUD:
6 months - 100 years

10/15 (67)% until Year 3
and general population
survival curve thereafter

Kaplan-Meier OS curves
showed no deaths after
approximately 1 year for
patients who received an
HSCT from a MUD or
haploidentical donor. The
median follow-up time after
transplantation was

6.5 years (range 1.6 to
27.6 years) [Hassan, 2012].

HSCT from a 517 (71%) GSK and NICE agreed at
haploidentical the HST scoping meeting
donor: that the 71% OS after
at 6 months HSCT from a haploidentical
donor recorded in Hassan
(2012) for the 2000-2009
cohort of 7 patients is a
better reflection of survival
than the 43% recorded for
the entire Hassan cohort
(n=30) [Hassan, 2012].
HSCT from a 5/7 (71%) until the end of Kaplan-Meier OS curves
haploidentical Year 3 and general showed no deaths after
donor: population survival curve approximately 1 year for
1-100 years changes thereafter patients who received an

HSCT from a MUD or
haploidentical donor. The
median follow-up time after
transplantation was

6.5 years (range 1.6 to
27.6 years) [Hassan, 2012].
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Variable

Baseline Value

Notes

Rescue HSCT

100% first 6 months and
general population survival
curve changes thereafter

Based on high survival rate
expected after HSCT from
an MSD. The 2 patients
who required a rescue
transplant after Strimvelis
both survived. For patients
who required a rescue
transplant after HSCT from
a MUD or haploidentical
donor, Hassan did not
describe when these
rescue transplants took
place [Hassan, 2012].
Survival after HSCT from
an MSD is likely not 100%,
but survival has improved
from that previously
reported [Hassan, 2012].
Recent data have not been
reported, so for simplicity
we have set this survival
rate to 100%. We explored
the effects of a lower
rescue transplant survival
rate in the sensitivity
analyses.

Clinical (Probabilities)

Strimvelis:
severe infections

26% for the first 3 years,
7% for Years 4-8

Rates are per person per
year based on rates
observed in the Strimvelis
Integrated Population

HSCT from a MUD or
haploidentical
donor: severe

26% for the first 3 years,
7% for Years 4-8

Rates are per person per
year and assumed to be
the same as that observed

infections with Strimvelis. Expert
clinical advice confirmed
this assumption.

Strimvelis: 317 (17.6%) Based on patients in the

rescue transplant

Strimvelis Integrated
Population who had an
unsuccessful response to
Strimvelis. See Section
12.2.1
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Variable

Baseline Value

Notes

HSCT from a MUD:
rescue transplant

1/15 (6.7%)

[Hassan, 2012]

HSCT from a
haploidentical
donor:

rescue transplant

217 (28.6%)

[Hassan, 2012)] and see
Section 12.2.1

Rescue transplant
donor source

100% MSD

Hassan reported that the
patient in the 2000-2009
haploidentical donor cohort
that received rescue
transplant received 2
rescue MSD HSCTs (from
a newly born sibling) after
failure to engraft [Hassan,
2012]. Additionally, in the
Strimvelis clinical
programme, 2 patients
received rescue transplants
from MSDs (from newly
born siblings). The
possibility of using a MUD
as the donor source for
some rescue transplants
were explored in the
sensitivity analyses.

Strimvelis: IVIG use
after procedure

Year 1: 18/18 (100%)
Year 3: 10/17 (58.8%)
Year 8: 0/4 (0%)
Linear interpolation
between points

Based on use of IVIG in the
Strimvelis Integrated
Population. See Section
12.21

HSCT from a MUD or
haploidentical
donor: IVIG use after
procedure

Year 1: 18/18 (100%)
Year 3: 10/17 (58.8%)
Year 8: 0/4 (0%)
Linear interpolation
between points

It was conservatively
assumed that IVIG use
rates after HSCT from a
MUD or haploidentical
donor would be similar to
rates observed in the
Strimvelis clinical
programme.

Strimvelis: GvHD

0%

GvHD is not observed with
Strimvelis.

HSCT from a MUD:
severe aGvHD

3/28 (10.7%)

Based on reports in the
literature. See Section
12.2.1 for detail

HSCT from a MUD:
severe cGvHD

1/28 (3.6%)

Based on reports in the
literature. See Section
12.2.1 for detail
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Variable

Baseline Value

Notes

HSCT from a
haploidentical
donor: severe
aGvHD

179 (11.1%)

Based on reports in the
literature. See Section
12.2.1 for detail

HSCT from a
haploidentical
donor: severe

0/9 (0%)

Based on reports in the
literature. See Section
12.2.1 for detail

cGvHD

Timing and Duration
Duration of 9 weeks Based on clinical schedule
PEG-ADA before from San Raffaele Hospital.
Strimvelis Assumes no search for a

MUD is conducted.

Duration of 19 weeks [Gaspar, 2013]
PEG-ADA before
HSCT from a MUD
Duration of 19 weeks Assumes an unsuccessful
PEG-ADA before search for a MUD was
HSCT from a conducted before HSCT

haploidentical donor

from a haploidentical donor
was considered.

Timing of rescue
transplant

2 years after initial
Strimvelis or HSCT
procedure (in Year 3).

GSK was advised by a
clinical expert that rescue
transplants typically occur
2 years after the initial
procedure, which would be
Year 3 in the model. It was
assumed that patients do
not receive PEG-ADA in
the 3 months after the
failure of the initial
procedure.

Duration of PEG- 1.75 years Assumed average duration

ADA use in bridge to of continuous PEG-ADA

rescue transplant use until rescue
intervention was 2 years for
each treatment, but no
PEG-ADA administered in
first 3 months.

Duration aGvHD 8 months Clinical advice is that

Grade 3-4 aGvHD episodes
last between 6 and
12 months.
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Variable

Baseline Value

Notes

Duration cGvHD

3 years

GSK was advised that
cGvHD could last from a
few months to several
years, but that cGvHD
cases would normally be
resolved by the time of a
rescue transplant. The
duration of cGvHD
episodes was therefore
conservatively taken to be
3 years.

Dosing

Annual number of
PEG-ADA doses

52

Once per week
administration

IVIG dose

0.4 g/kg every 3 weeks

The recommended dosing
range is 0.2-0.8 g/kg/month
[Gammagard SmPC, 2016].
A 0.4 g/kg individual dose
was chosen based on
clinical advice

The steady state dosing
regimen range is 2-4 weeks
[Gammagard SmPC, 2016].
The dosing interval was
assumed to be every

3 weeks, the midpoint of
the 2-4-week range. 25th
percentile of population
growth curve used to
estimate the actual dose.

Annual IVIG doses 17 The 3-week dosing interval
corresponds to 17.3 doses
per year.

Cost
Price of IVIG per g £40.10 Gammagard intravenous

infusion 5 g = £200.50
[Medicines Complete,
2017]
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Variable

Baseline Value

Notes

Price of PEG-ADA
per week

£13,500

There is no list price for
PEG-ADA in the UK, so
information here is based
on external expert clinical
advice, which confirmed
vial cost to the NHS
service.

Cost of IVIG or PEG-
ADA administration

£306

National Schedule of
Reference Costs 2015-
2016. Paediatric Clinical
Immunology And Allergy
Service. Currency Code
WFO01A Service code 255

Cost per severe
infection (all
comparators)

£12,143

A study of the predictors of
stem-cell transplantation
costs found that 15% of
total hospital costs were
due to severe infection
costs [Lee, 2000]. We used
this total hospital cost
percentage and applied this
to the cost of a severe
infection after treatment
with Strimvelis or HSCT
from a MUD or
haploidentical donor.

Cost of a severe
GVHD episode
(acute or chronic),
(to be applied within
one model cycle
after an HSCT,
primary or rescue
transplant)

£29,420

A retrospective analysis of
readmission rates and
associated costs in 2010 in
187 consecutive allogeneic
transplant patients to
assess the impact of GvHD
found that the mean cost of
readmission in patients
with Grade IlIl/IV GvHD was
£26,607 more than the cost
for patients without GvHD
[Dignan, 2013]. This figure
was adjusted for inflation
using an annual increase of
prices (2010-2016) of
10.6% [PSSRU Report,
2016].

Emerging treatments for
GvHD could significantly
increase the cost of
treatment of GvHD, but the
cost-effectiveness analysis
was conservatively based
on historic costs.
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Variable

Baseline Value

Notes

Rescue transplant

£95,516

Rescue transplant cost
assumed to be the same as
the cost of HSCT from a
MUD. As this would be
from an MSD in the base-
case, no cost of searching
for a donor is added.

UK Reference Cost (2015-
16), SA22B, Bone Marrow
Transplant, Allogeneic
Graft (Cord Blood), 18
years and under

Rescue transplant
follow-up

£59,541

Assumed to be the same
cost as follow-up for HSCT
from a MUD
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Variable

Baseline Value

Notes

Utilities

Health utility in the
period before HSCT
or Strimvelis

0.98

For simplicity, we do not
consider the potential
disutility patients incur
whilst waiting for Strimvelis
or HSCT (e.g. due to being
in isolation and receiving
PEG-ADA). Given that
patients receiving
Strimvelis are likely to wait
less than patients receiving
HSCT, this is a
conservative assumption

IVIG disutility

No disutility

No decrement in utility due
to the use of IVIG was
applied in the base-case
(see Section 10.1.9). This
is likely to have little impact
given that we
conservatively assumed the
rates of IVIG use in
Strimvelis and HSCT to be
the same, but the
consideration of disutility
due to IVIG was fully
explored in the sensitivity
analyses.

Age-specific utilities

See Section 10.1.9

There is no literature on
non-immune related
disutility for ADA-SCID
patients. Therefore, the
model uses England EQ-
5D scores by age band with
values drawn from the
Jones-Hughes analysis of
the Health Survey for
England - 2012 [Jones-
Hughes, 2016] using the
methodology of Ara [Ara,
2010]. This was fully
explored in the sensitivity
analyses.
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Variable Baseline Value Notes

Utility decrement 0.57 No data are available for
during the first utility scores after HSCT or
6 months after Strimvelis for patients with
Strimvelis, HSCT ADA-SCID. The value from
from a MUD or Sung of a decrement of
haploidentical 0.57 after BMT in the study
donor, or rescue of patients with acute
transplant myeloid leukaemia [Sung,

2003] was used. This
source was identified
during review of the
analysis by Hettle et al
[Hettle, 2017].

One-off QALY loss 0.41 The utility value for patients
due to a utility with acute GvHD and
decrement from complete remission from
acute GvHD relapsed/refractory Hodgkin

lymphoma or systemic
anaplastic large cell
lymphoma [Swinburn,
2015] was used to calculate
a utility decrement and then
adjusted based on the
expected average duration
of an episode of acute
GvHD (8 months) based on
expert advice. See Section

10.1.9
One-off QALY loss 1.44 Utility value for patients
due to a utility with chronic GvHD and
decrement from complete remission from
chronic GvHD relapsed/refractory Hodgkin

lymphoma or systemic
anaplastic large cell
lymphoma [Swinburn,
2015] was used to calculate
a utility decrement and then
adjusted based on the
expected duration of an
episode of chronic GvHD (3
years) based on expert
advice. See Section 10.1.9
Abbreviations: aGvHD=acute graft versus host disease; ADA-SCID=adenosine deaminase-severe combined
immunodeficiency; cGvHD=chronic graft versus host disease; FU=follow-up; GvHD=graft versus host disease;
GSK=GlaxoSmithKline; HSCT=haematopoietic stem cell transplantation; IVIG=intravenous immunoglobulin;
MUD=matched unrelated donor; NA=not applicable; NICE=National Institute for Clinical Excellence; OS=overall
survival; QALY=quality-adjusted life years; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase;
SmPC=summary of product characteristics; UK=United Kingdom

Additional information on costs applied in the model is provided in
Section 12.3.6.
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Strimvelis costs by stage of treatment

Strimvelis is the transduced cell product and should not be confused with
gene therapy, which is a broader term referring to all of the procedures that
take place as part of delivering Strimvelis to patients. Strimvelis is registered
as an advanced therapeutic medicinal product (ATMP) and was granted
marketing authorisation by the EMA. There are 3 basic elements of cost
associated with sending a patient to Milan for gene therapy. The first element
of the cost is Strimvelis. The second element of cost is all the related hospital
procedures, including screening, baseline tests, bone marrow sample,
chemotherapy, infusion of Strimvelis, recovery in isolation room and outpatient
follow-up. The third element of cost is the patient support, such as
accommodation, food, and transport services as well as travel to/from Milan.
Patient support is not included in the model.

Some of the costs of confirmation of eligibility and follow-up for Strimvelis are
included in the initial hospitalisation costs (Table D 6).

After treatment in Milan, there are follow-up costs similar to the follow-up costs
of HSCT.

Table D6 Costs of Strimvelis by stage of treatment

Stage Average Duration Cost
(Range)
Confirmation of Eligibility | 24 days, performed in .
for Strimvelis Treatment | England

Baseline patient 31 days (31-45 days), [l initial hospitalisation
preparation (CVC including 3 day inpatient | cost; these costs exclude
placement, obtain bone stay the cost of Strimvelis
marrow back-up)

Treatment 50 days in isolation room

(may be longer if
complications occur)

Outpatient follow-up in 60 days (60-90 days)

Milan
Outpatient follow-up in 4 months B
England Continued for lifetime as | ||

per routine care for all
patients with ADA-SCID

Abbreviations: CVC= central venous catheter; UK=United Kingdom; VCN=vector copy number.

Calculation of drug costs — PEG-ADA

There is no list price for PEG-ADA in the UK, so information here is based on
expert clinical advice, which confirmed vial cost to the NHS service of £9,000
per vial. According to expert clinical advice, patients receive 1 to 2 vials per
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week, which results in an average cost of PEG-ADA per patient of £13,500
per week.

The annual cost for PEG-ADA was then calculated from:

(Average price of PEG-ADA per week * Annual PEG-ADA doses) +
(Annual PEG-ADA doses * Infusion cost for PEG-ADA)

Calculation of drug costs - IVIG

Annual costs for IVIG are based on the average weight of boys and girls in the
UK (Table D 7, Figure 7) [Royal College of Paediatrics and Child Health
(RCPCH), 2013)]. The 25th percentile was used.

The cost of IVIG was calculated from:

(Projected weight [from exponential curve] * IVIG monthly dose g/kg * Price
of IVIG per g * 12 months/year) + (Infusion cost for IVIG * Annual IVIG
doses)

Table D7 25t percentile weight (kg) by age (years) in the United
Kingdom [RCPCH, 2013]

Age Boys Girls Both
1 9.00 8.20 8.6
2 11.20 10.50 10.9
3 13.20 12.70 13.0
4 15.15 15.00 15.1
5 17.20 16.90 171
6 19.10 18.70 18.9
7 21.10 20.90 21.0
8 23.30 23.40 234
9 25.70 25.80 25.8
10 28.30 28.80 28.6
11 31.20 31.90 31.6
12 34.20 35.60 34.9
13 38.30 40.50 39.4
14 43.70 45.00 44.4
15 49.30 48.30 48.8
16 54.40 50.50 52.5
17 58.40 51.80 55.1
18 61.00 52.70 56.9

An exponential curve was fitted to these data (Figure 7).

Specification for company submission of evidence 166 of 252



Figure 7 Line applied to United Kingdom weight data
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12.3 Resource identification, measurement and valuation
NHS costs

12.3.1 Describe how the clinical management of the condition is currently
costed in the NHS in terms of reference costs and the payment by
results (PbR) tariff.

The cost used for the initial hospitalisation for HSCT from a MUD is £95,516,
which is the national average unit cost for ‘Bone Marrow Transplant,
Allogeneic Graft (Volunteer Unrelated Donor), 18 years and under’ Currency
Code SA21B. [National Schedule of Reference Costs - Year 2015 - 16 NHS
trusts and NHS foundation trusts]. The corresponding cost used for HSCT
from a haploidentical donor is £108,760, which is the national average unit
cost for ‘Bone Marrow Transplant, Allogeneic Graft (Haplo-ldentical), 18 years
and under’ Currency Code SA23B. [National Schedule of Reference Costs -
Year 2015 - 16 NHS trusts and NHS foundation trusts].

The costs used for each IVIG or PEG-ADA administration (if required) is £306
[National Schedule of Reference Costs - Year 2015-16 - NHS trusts and NHS
foundation trusts - Consultant Led. Paediatric Clinical Immunology and Allergy
Service. Currency Code WFO01A; Service code 255].

Resource identification, measurement and valuation studies

12.3.2 Provide a systematic search of relevant resource data for the NHS
in England. Include a search strategy and inclusion criteria, and

consider published and unpublished studies.

Given the scarcity of published data on ADA-SCID, resource data were not
included in the systematic review. A pragmatic literature review was
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conducted for those resources used in patient treatment, and Hettle 2017 was
used as a guide. The results are summarised in Section 12.2.6.

12.3.3 Provide details of the process used when clinical advisers

assessed the applicability of the resources used in the model?.

Clinical advice was sought from Dr. Andrew Gennery, a leading UK HSCT
Transplantation expert with clinical experience of managing patients with
ADA-SCID in the UK. Dr. Gennery was the only expert approached and
agreed to participate in this advice seeking activity. No conflict of interest was
identified on declaration. Dr. Gennery is a Clinical Reader in Paediatric
Immunology and Bone Marrow Transplantation at a UK university Hospital.
The advice seeking activity was a direct interview held at the hospital

The questions asked focused on the diagnosis and management pathways of
patients with ADA-SCID in England with respect to

e duration, clinical course and cost from diagnosis to interventions

e donor search pathways in England and associated cost to perform
these

e proportions of patients with ADA-SCID without an MRD and
management pathways used in England for these patients including
cost

¢ validation of literature figures used in our models to reflect practice in
England (eg. rates of HSCTs from haploidentical donors and MUDs,
rate of rescue transplants)

o follow up management pathway and cost in England, including the
need of other treatments (eg. IVIG use, PEG-ADA)

e clinical outcomes following current management pathways of ADA-
SCID in England, including rates of severe infection, GVHD, and child
growth

Health economics advice was sought from Professor Andrew Briggs, Chair in
Health Economics at the University of Glasgow, who has particular expertise
in modelling techniques and assessment of uncertainty.

The advice seeking activity was conducted via a direct interview. Prof. Andrew
Briggs provided extensive feedback on the structure of the model, the validity

2 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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of the modelling approach and inputs used, ways to explore uncertainty, and
the way the modelling techniques and assumptions were reported.

Prof. Andrew Briggs’ recommendations were incorporated in the model. Any
remaining uncertainty was explored using sensitivity analyses.

Technology and comparators’ costs

12.3.4 Provide the list price for the technology.

The complete price of Strimvelis and the procedure in Milan is £505,000.

12.3.5 If the list price is not used in the de novo cost-effectiveness model,

provide the alternative price and a justification.

Not applicable.

12.3.6 Summarise the annual costs associated with the technology and
the comparator technology (if applicable) applied in the cost
consequence model. Please consider all significant costs

associated with treatment that may be of interest to commissioners.

The estimated total cost associated with the technology per patient for
Strimvelis is [} (Table D 8), the calculated total cost associated with the
technology per patient for HSCT from a MUD is £417,371 (Table D 9), and the
calculated total cost associated with the technology per patient for HSCT for a
haploidentical donor is £430,615 (Table D 10). Costs have been discounted at
1.5% where appropriate (see Table D 4 for rationale). Follow-up costs have
not been discounted. The costs of severe infection, IVIG, rescue transplant
and its follow-up costs, GvHD, or rescue PEG-ADA are not included in the
total calculated costs for the technology but are included in the model.

Table D8 Costs per treatment/patient associated with the technology
in the cost-effectiveness model

Items Value Source
Initial PEG-ADA, £124,254 Calculated from the
before procedure model, based on

estimated duration of
PEG-ADA, cost per week,
and cost of administration

Price of the £505,000 The cost of Strimvelis in
technology per Italy is €594,000 and
treatment/patient currency conversion for

the analysis is based on
the average exchange
rate 1€ = £0.85 on 08
May 2017 (source
www.xe.com). Please
note that the San
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http://www.xe.com/

Items Value Source

Raffaele Hospital is to be
paid €594,000 in euros
for

Strimvelis. Conversation
with NHS England
confirmed that they have
contracts in place for
another therapy to be
paid in local currency so
did not see this as a

concern.
Confirmation of B

Eligibility for

Strimvelis

Treatment

Administration | The cost of the hospital
cost stay in Italy and any

patient follow-up required
during the time in ltaly is
. Currency conversion
is based on the average
exchange rate 1€ = £0.85
on 08 May 2017 (source
Www.xe.com)

Follow-up costs . per living patient® UK Stem Cell Oversight
committee report [}
Note: assumed first 2
months of follow-up are
conducted in Italy so 0.3
of first 6 months’ costs
are included in ltalian
hospital charge.

Total cost per B
treatment/patient

Abbreviations: IVIG=intravenous immunoglobulin; NHS=National Health Service; PEG-ADA=polyethylene glycol-
modified bovine adenosine deaminase; UK=United Kingdom; VCN=vector copy number

a These are the short-term costs associated with the Strimvelis procedure. The total does not include long-term
costs such as IVIG, PEG-ADA, and VCN monitoring costs.
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Table D9 Costs per treatment/patient associated with the comparator
technology HSCT from a MUD in the cost-effectiveness model

Items Value Source

Initial PEG-ADA £262,314 Calculated from the
before procedure and model, based on
screening estimated duration of

PEG-ADA, cost per
week, and cost of
administration

Initial hospitalisation | £95,516 ‘Bone Marrow
Transplant, Allogeneic
Graft (cord blood), 18
years and under’
Currency Code SA22B.
[National Schedule of
Reference Costs - Year
2015 - 16 NHS trusts
and NHS foundation
trusts]

Follow-up costs £59,541 per living patient | [This figure is based on
total follow-up
estimates of €62,096
[van Agthoven, 2002],
adjusted for inflation
(Netherlands inflation
index for category
Health Expenditures
[060000]), and
converted to pounds
(exchange rate

1€ = £0.85 on 08 May
2017 (source
WWWw.xe.com)).

Total cost per £417,371
treatment/patient
Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor; NHS=National
Health Service; PED-ADA=; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase; UK=United
Kingdom
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Table D 10 Costs per treatment/patient associated with the comparator
technology HSCT from a haploidentical donor in the cost-effectiveness
model

Items Value Source
Initial PEG-ADA before £262,314 Calculated from the
procedure and screening model, based on

estimated duration of
PEG-ADA, cost per week,
and cost of administration

Initial hospitalisation £108,760 ‘Bone Marrow Transplant,
Allogeneic Graft (Haplo-
Identical), 18 years and
under’ Currency Code
SA23B [National Schedule
of Reference Costs - Year
2015 - 16 NHS trusts and
NHS foundation trusts]

Follow-up costs £59,541 per living | Assumed to be the same
patient cost as follow-up for
HSCT from a MUD.

Total cost per £430,615
treatment/patient

Abbreviations: HSCT=haematopoietic stem cell transplantation; NHS=National Health Service; PEG-ADA=; PEG-
ADA=polyethylene glycol-modified bovine adenosine deaminase; UK=United Kingdom

Health-state costs

12.3.7 If the cost-effectiveness model presents health states, the costs
related to each health state should be presented in Table D 11. The
health states should refer to the states in Section 12.1.6. Provide a
rationale for the choice of values used in the cost-effectiveness

model.

Table D 11 shows the cost categories that are applied to each of the health
states in the model. Section 12.2.6 shows the unit cost data used in the
model, and, for those costs which are cycle dependent, shows how the values
were derived. Total costs by health state are shown in Section 12.5.5.
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Table D 11 List of health states and associated costs in the cost-effectiveness model
Health state
Cost (1) ‘PEG ADA awaiting (2) ‘Success, long term (3) ‘Unsuccessful (4) ‘Long term survival
Category Strimvelis’ and ‘PEG-ADA | survival’ engraftment, PEG-ADA, | after rescue HSCT’
and screening for a MUD’ awaiting rescue HSCT’
Product Product cost applies to Strimvelis only and is notionally apportioned to each health state using the probability of

being in each health state in Cycle 1

Severe infection

Probability of severe
infection by type of
intervention (first 8 yrs
only) cost of severe
infection

Probability of severe infection
by type of intervention (first 8
yrs only) cost of severe
infection

Probability of severe
infection by type of
intervention (first 8 yrs
only) cost of severe
infection

Probability of severe
infection following
rescue transplant (first
8 yrs only) cost of
severe infection

intervention

intervention

intervention

Rescue transplant NA NA NA Cost of rescue
transplant
Rescue PEG-ADA NA NA Cost of PEG-ADA NA
(value is cycle
dependent)
Initial hospitalisation Hospital cost by type of Hospital cost by type of Hospital cost by type of | NA

type of intervention cost of

GvHD

intervention cost of GvHD

type of intervention cost
of GvHD

Follow-up Cost of follow-up Cost of follow-up Cost of follow-up Cost of rescue
transplant follow-up
IVIG Cost of IVIG (value is Cost of IVIG (value is cycle Cost of IVIG (value is Cost of IVIG (value is
cycle dependent) dependent) cycle dependent) cycle dependent)
GvHD Probability of GvHD by Probability of GvHD by type of | Probability of GvHD by | Probability of GvHD by

type of intervention
after rescue transplant
cost of GvHD

Abbreviations: GvHD=graft versus host disease; [VIG=intravenous immunoglobulin; NA=not applicable; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase.
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Adverse-event costs

12.3.8 Provide details of the costs associated with each adverse event
included in the cost-effectiveness model. Include all adverse events
and complication costs, both during and after longer-term use of

the technology.

The only relevant AE associated with treatment for this analysis is the risk of
GvHD after HSCT from a MUD or a haploidentical donor (as the initial
intervention or as a rescue transplant). Serious infections are possible, but
these may be considered an outcome of the disease rather than the
treatment. Treatment with either Strimvelis or HSCT decreases the incidence
of serious infections.

The costs of GvHD were drawn from the UK study by Dignan et al. The
authors conducted a retrospective analysis of readmission rates and
associated costs in 187 consecutive allogeneic transplant patients. Higher
readmission rates were associated with GvHD both in the first 100 days from
transplant (p=0.02) and in the first year following transplant (p<0.001). The
mean cost of readmission for patients with severe (Grade Ill/IV) GvHD was
£26,607 more than the cost of readmission for patients without GvHD
[Dignan, 2013]. This figure was adjusted for inflation using an annual increase
of prices (2010-2016) of 10.6% [PSSRU Report, 2016] (the base-case value is
£29,420). Given the lack of data in this area, we assumed that there are no
'on-going' GvHD costs. Note that this is a conservative assumption against
Strimvelis.

Miscellaneous costs

12.3.9 Describe any additional costs and cost savings that have not been
covered anywhere else (for example, PSS costs, and patient and

carer costs). If none, please state.

Travel, lodging, meals, and other patient support services are not included in
the price of Strimvelis. NHS England has referred GlaxoSmithKline to the
commissioning policy on Proton Beam Therapy as representative of what
NHS England would fund for a patient to be treated in another EU member
state. The policy includes two parents (or a parent and a caregiver) to travel
with the child as well as paying for accommodation during the stay in

Milan. We have estimated that the total cost as €13,400, excluding the cost of
public transport to and from the airport in the UK. This would include the cost
of three economy class return airline tickets to a Milan airport at €900
(3*€300), accommodation in Milan for 4.5 months at €11,700 and local
transport at €800. |}

It should be noted that families of patients with ADA-SCID who are treated
with HSCT must also usually travel to a specialty centre, where they typically
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stay from diagnosis to treatment. The difference is that the travel for HSCT is
within the UK.

12.3.10 Are there any other opportunities for resource savings or

redirection of resources that it has not been possible to quantify?

The major advantage of Strimvelis over HSCT from a MUD or haploidentical
donor is a reduction in mortality. Although we may expect reductions in the
(quantified) costs of managing GvHD, no other resource savings are likely.

12.4 Approach to sensitivity analysis

12.41 Has the uncertainty around structural assumptions been
investigated? State the types of sensitivity analysis that have been

carried out in the cost-effectiveness analysis.

Yes. Structural assumptions were explored in the scenario analyses described

in Section 12.4.3 to determine the impact on the results of varying these

assumptions.

12.4.2 Was a deterministic and/or probabilistic sensitivity analysis
undertaken? If not, why not? How were variables varied and what
was the rationale for this? If relevant, the distributions and their

sources should be clearly stated.

Yes. Deterministic, probabilistic, and scenario-based sensitivity analyses were
undertaken. The variables used, together with the range of the variation
(upper and lower values) and the method used, are summarised in Section
12.4.3.

12.4.3 Complete the tables below as appropriate to summarise the

variables used in the sensitivity analysis.

Variables used in the 1-way sensitivity analysis are shown in Table D 12.

The variables used for the probabilistic sensitivity analysis are summarised

in Table D 13. In general, survival probabilities, clinical probabilities, and utility
inputs were sampled from beta distributions whereas costs were sampled
from gamma distributions. For hospital and follow-up costs, we set the
standard error to be 25% of the mean costs.

For post-intervention survival, the natural mortality curve of the population of
England/Wales was used for all interventions.
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Table D 12 Variables used in 1-way scenario-based deterministic

sensitivity analysis

Baseline values | Lower value | Upper value
Variation to discount rates
Costs 1.5% 0% 3.5%
Outcomes 1.5% 0% 3.5%

Costs and outcomes at 0%

1.5%, 1.5%

0%

Costs at 3.5%, with
outcomes fixed at 1.5%

1.5%, 1.5%

1.5%, 1.5%

3.5%, 1.5%

Costs and outcomes at
3.5%

1.5%, 1.5%

3.5%

Survival®

HSCT from a MUD -
survival 1st 6 months

67%

NA

83.75%

HSCT from a haploidentical
donor - survival 1st
6 months

71%

NA

88.75%

Rescue HSCT

100%

67%

NA

All interventions - mean life
expectancy of survivors
reduced by 10%

79.9 years

71.9 years

NA

All interventions - mean life
expectancy of survivors
reduced by 20%

79.9 years

63.9 years

NA

Clinical (probabilities)

Severe infection — Strimvelis
first 3 years — other
interventions as per
baseline

26%

NA

42.9%"

Severe infection - HSCT
from a MUD first 3 years —
other interventions as per
baseline

26%

NA

42.9%"

Severe infection - HSCT
from a haploidentical donor
first 3 years — other
interventions as per
baseline

26%

NA

42.9%"

Rescue transplant -
Strimvelis — other
interventions as per
baseline

17.6%

8.3%°

Rescue transplant - HSCT
from a MUD - other
interventions as per
baseline

6.7%

5%

8.3%
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Baseline values

Lower value

Upper value

Rescue transplant - HSCT
from a haploidentical donor
— other interventions as per
baseline

28.6%

21.4%

35.7%

Second rescue transplant
after HSCT from a
haploidentical donor

0%

NA

50%

IVIG - Strimvelis (from
Year 8 and onwards) —
other interventions as per
baseline

0%

NA

20%°

IVIG - HSCT from a MUD
(from Year 8 and onwards)
— other interventions as per
baseline

0%

NA

20%

IVIG - HSCT from a
haploidentical donor (from
Year 8 and onwards) —
other interventions as per
baseline

0%

NA

20%*

Severe acute GvHD - HSCT
from a MUD - other
interventions as per
baseline (+/-50%)

10.7%

5.0%

16.0%

Severe acute GvHD - HSCT
from a haploidentical donor
(+/-50%)

11.1%

5.6%

17.0%

Severe chronic GvHD -
HSCT from a MUD - other
interventions as per
baseline

3.6%

0%

7.2%

Severe chronic GvHD -
HSCT from a haploidentical
donor — other interventions
as per baseline

0%

NA

3.6%°
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Baseline values | Lower value | Upper value
Timing and Duration
Duration of PEG-ADA 9 weeks 7 11
before Strimvelis — other
interventions as per
baseline
Duration of PEG-ADA 19 weeks 17 21
before HSCT from a MUD -
other interventions as per
baseline
Duration of PEG-ADA 19 weeks 9 29
before HSCT from a MUD —
other interventions as per
baseline
Duration of PEG-ADA 19 weeks 17 21
before HSCT from a
haploidentical donor — other
interventions as per
baseline
Timing of rescue transplant 2 years after initial 1 3
Strimvelis or HSCT
procedure
(in Year 3).
Duration of PEG-ADA use in 1.75 years 1.5 2.0
bridge to rescue transplant,
all interventions
Costs
Price of IVIG per gram (+/- £40.10 £30.08 £50.13
25%)
Price of PEG-ADA per week £13,500 £10,125 £16.875
Price of PEG-ADA per £13,500 £6,750 NA
week, 50% of basecase
Price of PEG-ADA per £13,500 £3,375 NA
week, 25% of basecase
Price of PEG-ADA per £13,500 £1,350 NA
week, 10% of basecase
Cost of IVIG and PEG-ADA £306 £229.50 £382.50
administration
Cost of screening for a £45,127 £33,845 £56,409

donor for a SCT (initial
transplantation)

Confirmation of eligibility for
Strimvelis treatment plus
initial hospitalisation -
Strimvelis
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Baseline values

Lower value

Upper value

Initial hospitalisation - HSCT
from a MUD (note also
impacts cost of rescue
transplant)

£95,516

£71,637

£119,395

Initial hospitalisation - HSCT
from a haploidentical donor

£108,760

£81,570

£135,950

Follow-up - Strimvelis

Follow-up - HSCT from a
MUD (note - also impacts
cost of rescue transplant)

£59,541

£44,656

£74,426

Follow-up - HSCT from a
haploidentical donor

£59,541

£44,656

£74,426

Severe infection - all
interventions

£12,143

£9,107

£15,179

Severe GvHD - all
interventions

£29,420

£22,065

£36,775

Rescue transplant (note
assumes cost of rescue
transplant changes but cost
of MUD stays as per
baseline)

£95,516

£71,637

£119,395

Utilities and QALY adjustments

Health utility in the period
before HSCT or Strimvelis

0.98

0.49

1.0

Weight for IVIG disutility
(with duration for 20 years)

1 (i.e., no disutility)

0.75

NA

Utilities by age band'

See Section 10.1.9

x 0.95
reduced

x 1.05
increased

Utility decrement during the
first 6 months after
Strimvelis, HSCT from a
MUD or haploidentical
donor, or rescue transplant
(maximum variation applied)

0.57

1

0

Bereaved parent QALY loss
associated with child’s
death

none

none

accounted for9

One-off QALY loss due to a
utility decrement from acute
GvHD (+/-25%)

0.41

0.3

0.5

One-off QALY loss due to a
utility decrement from
chronic GvHD (+/-25%)

1.44

1.1

1.8

Abbreviations: aGvHD=acute graft versus host disease; cGvHD=chronic graft versus host disease; GvHD=graft
versus host disease; HSCT=haematopoietic stem cell transplantation; IVIG=intravenous immunoglobulin; LT=long-
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term; MUD=matched unrelated donor; mths=months; NA=not applicable; PEG-ADA=polyethylene glycol modified
bovine adenosine deaminase.

a. For survival (mean life expectancy for survivors), the value of 79.91 years was reduced to 71.97 (note. for
HSCT from a MUD or haploidentical donor, this was achieved by first setting immediate survival to 100%,
reducing mean survival time, and then resetting immediate survival to the original figure).

b. Based on data from the Strimvelis Pivotal Population.

c.  The upper value for rescue transplantation after Strimvelis therapy was calculated by .Information on the
Named Patient Programme is extremely limited and not well validated. These patients were included on a
compassionate use basis and may not be typical of patients in England who would receive Strimvelis. JJ|j

d. Inthe Strimvelis Integrated Population, 1 patient with at least 8 years of follow-up remained on IVIG. The
patient remained on long-term PEG-ADA. In the base-case, we assumed that this patient will receive rescue
transplant in England. For the sensitivity analysis, we included this patient’s use of IVIG.

e. Set to match the rate from the literature for HSCT from a MUD [Hassan, 2012].

f. Weights for utilities were increased by 25% and set at unity if the result was greater or equal to 1. Utility
weights by age for the upper estimate are therefore 1.0 for all age bands except 75+ years (0.9625). Weights
for lower estimate are reduced by 25%: <25 years, 0.7125; 25-34, 0.69; 35-44, 0.6675; 45-54, 0.645; 55-64,
0.63; 65-74, 0.6; 75+, 0.5775.

g. Following Christensen et al (2014), the additional quality of life-related QALY loss experienced by a bereaved
family was assumed to be 9% of the child’s QALY loss. The child is assumed to die in the first half year cycle
(Year 0.5), and the discounted QALY loss of the child was calculated as the difference between the general
population survival and the HSCT survival, integrated from Year 1 to Year 100. The child’s discounted QALY
losses are 23 and 20 QALYs for HSCT from a MUD or from a Haplo, respectively. The additional QALY loss
experienced by the bereaved family is 9% of the child’s loss: 2.1 and 1.8 QALY for HSCT from a MUD or
from a Haplo, respectively.

Multi-way sensitivity analysis was conducted. We addressed the possibility of
lower long-term utility scores within this sensitivity analysis combined with the
possibility of reductions to mean life expectancy. This analysis examined the
combinations of reductions in mean life expectancy for survivors (MLS) (equal
reductions for all treatments) with reductions in utility scores by age (equal
reductions for all treatments). Both life expectancy and utility reductions are
reduced by increments of 10% up to a maximum of a 20% reduction. Results
for the (3*3) combinations are shown in Section 12.5.12.

Table D 13 Variables used in multi-way scenario-based sensitivity

analysis
Variable ‘ Baseline value | Notes
Survival
Strimvelis - survival 18/18 (100%) Fixed value of 100%. No sampling in
first 6 months the multi-way sensitivity analysis
Strimvelis - survival normal population | Fixed - assumed normal population
after 6 months survival curve survival applies to post-intervention
survivors
HSCT from a MUD - 10/15 (67%) Beta distribution:
survival first 6 months a=10,B3=15 SE=0.12
HSCT from a MUD - normal population | Fixed - assumed normal population
survival after 6 months survival curve survival applies to post-intervention
survivors
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Variable

Baseline value

Notes

HSCT from a
haploidentical donor -
survival first 6 months

5/7 (71%)

Beta distribution:
a=21,=9, SE=0.1

HSCT from a
haploidentical donor -
survival after 6 months

normal population
survival curve

Fixed - assumed normal population
survival applies to post-intervention
survivors

Utilities

Age-specific utility

See Section

Beta distributions. SDs from England

scores 10.1.9 EQ-5D scores by age:
<25 (years), 0.008;
25-34, 0.006; 35-44, 0.007; 45-54,
0.012; 55-64, 0.013; 65-74, 0.012;
75+, 0.016.
All SDs are from the SDs reported for
the age bands in the University of
York 1999 study.

First 6 months’ utility 0.43 Beta distribution. SEs set at 0.2 to

score

return values generally within the
'plausible’ range of 0.33-0.87 for
Sung's baseline disutility value of
0.57 [Sung, 2003]

Weight for IVIG

Kept at unity (i.e., no disutility) in the
PSA

Clinical (probabilities)

IVIG - Strimvelis (at 8 0/4 (0%) No IVIG is given after year 8
years)

IVIG - HSCT from a 0/4 (0%) No IVIG is given after year 8
MUD (at 8 years)

IVIG - HSCT from a 0/4 (0%) No IVIG is given after year 8

haploidentical donor

(at 8 years)
Severe infection - Years 1-3: 26% | Beta distribution:
Strimvelis Years 4-8: 7% Years 1-3: o =5.2, f = 14.8,

SE =0.10
Years 4-8: o= 1.4, = 18.6,
SE =0.06

Severe infection —
HSCT from a MUD

Years 1-3: 26%
Years 4-8: 7%

Beta distribution:

Years 1-3: a = 5.2, B = 14.8,
SE =0.10

Years 4-8: o = 1.4, 3 = 18.6,
SE =0.06

Severe infection —
HSCT from a
haploidentical donor

Years 1-3: 26%
Years 4-8: 7%

Beta distribution:

Years 1-3: a = 5.2, B = 14.8,
SE =0.10

Years 4-8: o = 1.4, 3 = 18.6,
SE =0.06
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Variable Baseline value Notes
Rescue transplant - 317 (17.6%) Beta distribution:
Strimvelis a=3,p=14,SE =0.09

Rescue transplant -
HSCT from a MUD

1/15 (6.7%)

Beta distribution:
a=1,p=14, SE=0.06

Rescue transplant - 2/7 (28.6%) Beta distribution:

HSCT from a a=9,p=21,SE=01
haploidentical donor

GvHD - Strimvelis 0% Kept at 0%

GvHD (acute and 32.1% Beta distribution:

chronic) - HSCT from a=6.4,p=13.6, SE=0.10
a MUD

GvHD (acute and 33.3% Beta distribution:

chronic) - HSCT from
a haploidentical donor

a=6.7,=13.3,SE=0.10

Severe aGvHD-HSCT
from a MUD

3/28 (10.7%)

Beta distribution:
o=3,p=25 SE=0.06

Severe aGvHD- HSCT
from a haploidentical
donor

1/9 (11.1%)

Beta distribution:
a=1,=8,SE=0.10

Severe cGvHD - 1/28 (3.6%) Beta distribution:
HSCT from a MUD a=1,p=27, SE=0.03
Severe cGvHD - 0/9 (0%) Kept as 0% (conservative

HSCT from a
haploidentical donor
chronic

assumption for Strimvelis)

Duration of the initial
treatment with PEG-
ADA after diagnosis

and during screening
period

19 and 9 weeks
in HSCT and
Strimvelis
procedures,
respectively

Gamma distribution with SE
assumed to be 25%.

For 19-week duration (a = 16,

B =1.19); for 9-week duration (a =
16, B = 0.56)

Duration of rescue 1.75 years Time to rescue transplant is fixed at

PEG-ADA 2 years

Duration of IVIG 8 years A gradual decline from an initial
100% rate to 58.8% at year 3, and to
0% at year 8; in sensitivity analysis,
the year 8 IVIG use can be assumed
>0%; in such case patients will
continue receiving IVIG at that rate
for life

Annual PEG-ADA 52 Fixed at weekly dose administration

doses

IVIG dose g/kg/month 0.4 Gamma distribution, based on a

mean of 0.4 and a 25% SE. (a = 16,
B =0.03)

Cost and cost-related data
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Variable

Baseline value

Notes

Severe infection

£12,143

Gamma distribution; SE set at 25%
of mean (a = 16, B = 758.9).
Separate calculation for each
intervention

Strimvelis follow-up

Gamma distribution; SE set at 45%
of mean (a = 16, p = 3,286).
Separate calculation for each
intervention

HSCT follow-up

£59,541

Gamma distribution; SE set at 25%
of mean (a = 16, p = 3,721).
Separate calculation for each
intervention

Confirmation of
eligibility for Strimvelis
treatment and initial
hospitalisation -
Strimvelis

Gamma distribution; SE set at 25%
of mean (a = . B= .)

administration

Initial hospitalisation — £95,516 Gamma distribution; SE set at 25%
HSCT from a MUD of mean (a = 16, B = 5,970)
Initial hospitalisation — £108,760 Gamma distribution; SE set at 25%
HSCT from a of mean (a = 16, = 6,798)
haploidentical donor
Rescue transplant £95,516 Gamma distribution; SE set at 25%
of mean (a = 16, B = 5,970)
GvHD £29,420 Gamma distribution; SE set at 25%
of mean (a = 16, p = 1839)
Cost of PEG-ADA per £13,500 Gamma distribution with a mean of
week £13,500 and SE = 1,800
(a0 =56.2, B =240)
Cost of PEG-ADA £306 Gamma distribution; SE estimated at
administration 25% of mean (o = 16, B = 19)
Price of IVIG per gram £40.10 Known value - kept fixed in PSA
Cost of IVIG £306 Gamma distribution; SE estimated at

25% of mean (o = 16, B = 19)

Abbreviations: aGvHD=acute graft versus host disease; cGvHD=chronic graft versus host disease; GvHD=graft
versus host disease; HSCT=haematopoietic stem cell transplantation; IVIG=intravenous immunoglobulin; LT=long-
term; MUD=matched unrelated donor; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase;
PSA=probabilistic sensitivity analysis; SD=standard deviation; SE=standard error.

Two scenarios were also analysed in the sensitivity analysis.

e Scenario 1: possible death from rescue transplant.
No patients died after rescue transplant after Strimvelis [Cicalese,
2016]. For HSCT from a MUD or haploidentical donor, it is unclear from
Hassan (2012) whether deaths occurred after rescue transplant
[Hassan, 2012]. The base-case model assumed that no deaths
followed rescue transplant. Scenario 1 examines the impact on
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incremental costs when the probability of death after rescue transplant
in any type of intervention equals the probability of death after HSCT
from a MUD (33%).

e Scenario 2: timing of rescue transplant.
The base-case assumes that all rescue transplants take place in
Year 3. This is based on Strimvelis data [Cicalese, 2016]. No data are
available on the timing of rescue transplants after HSCT from a MUD or
haploidentical donor. Scenario 2 examines the impact on incremental
costs of all rescue transplants taking place in Year 2, 3, or 4.

12.4.4 If any parameters or variables listed above were omitted from the

sensitivity analysis, provide the rationale.

Not applicable. All relevant parameters were included in the 1-way sensitivity
analysis, multi-way sensitivity analysis, scenario sensitivity analysis, or
probabilistic sensitivity analysis as described in Section 12.4.3.

The overall aim of the sensitivity analysis was to identify the critical
uncertainties in the analysis. The methods outlined in Section 12.4.2 were
used to evaluate the impact of varying model parameters on key economic
outputs and to identify those parameters that have the largest positive or
negative consequences.

12.5 Results of economic analysis

Base-case analysis

12.5.1 When presenting the results of the base-case incremental cost-
effectiveness analysis in the table below, list the interventions and
comparator(s) from least to most expensive. Present incremental
cost-effectiveness ratios (ICERs) compared with baseline (usually
standard care) and then incremental analysis ranking technologies
in terms of dominance and extended dominance. If the company
has formally agreed to a patient access scheme with the
Department of Health, present the results of the base-case
incremental cost-effectiveness analysis with the patient access

scheme. A suggested format is available in the table below.
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In the base-case, the ICER for Strimvelis over HSCT from a MUD is £36,360 and the ICER for Strimvelis over HSCT from a
haploidentical donor is £14,645. Total and incremental per patient costs and total and incremental LYG and QALY gains are

given in Table D 14.

Table D 14 Base-case results

Technologies Total cost (£) Total LYs Total QALYs | Incremental | Incremental | Incremental ICER
gained gained costs (£) LYG QALY incremental
(E/QALY)
Strimvelis £1,059,425 46.1 41.4
MUD £565,170 31.0 27.8 £494,255 15.1 13.6 £36,360
Haplo £888,757 33.2 29.7 £170,668 12.9 11.7 £14,645
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12.5.2 For the outcomes highlighted in the decision problem, please
provide the corresponding outcomes from the model and compare
them with clinically important outcomes such as those reported in
clinical trials. Discuss reasons for any differences between
modelled and observed results (for example, adjustment for cross-
over). Please use the following table format for each comparator

with relevant outcomes included.

Not relevant. The clinical outcome assessed with the model is long term
overall survival and intervention-free survival, which cannot be compared with
clinical trial data.

12.5.3  Please provide (if appropriate) the proportion of the cohort in the
health state over time (Markov trace) for each state, supplying one
for each comparator.

Table 15 shows the probability of a patient being in one of the surviving health

states or death over time.
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Table D 15 Probability of a patient being in surviving health states or death over the lifetime of the model

Years after initial procedure Dead Success, long term Unsuccessful Long term survival
survival engraftment, after rescue HSCT
PEG-ADA, awaiting
rescue HSCT
Patients who receive Strimvelis
1 year 0.0% 82.4% 17.6% 0.0%
5 years 0.1% 82.3% 0.0% 17.6%
10 years 0.1% 82.3% 0.0% 17.6%
25 years 0.5% 82.0% 0.0% 17.5%
50 years 3.3% 79.6% 0.0% 17.1%
75 years 25.8% 61.1% 0.0% 13.1%
100 years 98.9% 0.9% 0.0% 0.2%
Patients who receive HSCT from a MUD
1 year 33.3% 60.0% 6.7% 0.0%
5 years 33.3% 60.0% 0.0% 6.7%
10 years 33.4% 59.9% 0.0% 6.7%
25 years 33.6% 59.7% 0.0% 6.6%
50 years 35.5% 58.0% 0.0% 6.4%
75 years 50.5% 44.5% 0.0% 4.9%
100 years 99.3% 0.7% 0.0% 0.1%
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Years after initial procedure Dead Success, long term Unsuccessful Long term survival
survival engraftment, after rescue HSCT
PEG-ADA, awaiting
rescue HSCT
Patients who receive HSCT from a haploidentical donor
1 year 28.6% 42.9% 28.6% 0.0%
5 years 28.6% 42.8% 0.0% 28.6%
10 years 28.6% 42.8% 0.0% 28.5%
25 years 28.9% 42.7% 0.0% 28.4%
50 years 30.9% 41.4% 0.0% 27.6%
75 years 47.0% 31.8% 0.0% 21.2%
100 years 99.2% 0.5% 0.0% 0.3%

Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor; PEG-ADA=polyethylene glycol modified bovine adenosine deaminase
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12.5.4 Please provide details of how the model assumes QALYs accrued

over time. For example, Markov traces can be used to demonstrate

QALYs accrued in each health state over time.

Table D 16 shows QALY's accrued over time for a patient treated with
Strimvelis, HSCT from a MUD, or HSCT from a haploidentical donor. Note
that this is based on the probability of the patient being in each of the health
states in each time period. QALY's are discounted.

Table D 16 QALYs accrued over time for a patient based on the
probability of being in each health state in each time period (discounted
at 1.5°/o)

Success, long | Unsuccessful Long term Total
term survival engraftment, | survival after
PEG-ADA, rescue HSCT
awaiting
rescue HSCT

Patients who receive Strimvelis
1 year? 0.6 0.12 0.0 0.7
5 years 3.6 0.28 04 4.3
10 years 7.0 0.28 1.2 8.5
25 years 16.1 0.28 3.1 19.5
50 years 26.4 0.28 5.3 32.1
75 years 32.4 0.28 6.6 39.4
100 years 34.0 0.28 6.9 41.2
Patients who receive HSCT from a MUD
1 year® 0.4 0.0 0.0 0.5
5 years 2.6 0.1 0.2 2.9
10 years 5.1 0.1 0.4 5.7
25 years 11.7 0.1 1.2 13.0
50 years 19.3 0.1 2.0 21.4
75 years 23.6 0.1 2.5 26.3
100 years 24.7 0.1 2.8 27.5
Patients who receive HSCT from a haploidentical donor
1 year? 0.3 0.2 0.0 0.5
5 years 1.9 0.5 0.7 3.0
10 years 3.7 0.5 1.9 6.0
25 years 8.4 0.5 5.0 13.9
50 years 13.8 0.5 8.6 22.9
75 years 16.9 0.5 10.7 28.1
100 years 17.7 0.5 11.2 29.4

Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor;

PEG-ADA=Polyethylene glycol-modified bovine adenosine deaminase; QALY=quality-adjusted life years.
These QALY figures represent the QALY's after the initial decision tree.
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a Does not include pre-procedure QALYs

12.5.5 Please indicate the life years (LY) and QALY accrued for each
clinical outcome listed for each comparator. For outcomes that are
a combination of other states, please present disaggregated

results.

The disaggregation of accrued LYs and QALYs is presented in Table D 17.

Table D 17 Model outputs by clinical outcomes

Strimvelis

Outcome LY QALY
Pre-procedure (PEG-ADA) 0.2 0.2
Post-procedure, successful engraftment 37.8 34.0
Failure to engraft, PEG-ADA 0.3 0.3
Rescue transplant and post-transplant 7.8 6.9
Total 46.1 41.4
HSCT from a MUD

Outcome LY QALY
Pre-procedure (PEG-ADA) 0.4 0.4
Post-procedure, successful engraftment 27.6 24.7
Failure to engraft, PEG-ADA 0.1 0.1
Rescue transplant and post-transplant 2.9 2.6
Total 31.0 27.8
HSCT from a haploidentical donor

Outcome LY QALY
Pre-procedure (PEG-ADA) 0.4 0.4
Post-procedure, successful engraftment 19.7 17.7
Failure to engraft, PEG-ADA 0.6 0.4
Rescue transplant and post-transplant 12.6 11.2
Total 33.2 29.7

Abbreviations: HSCT=haematopoietic stem cell transplantation; LY=life years; MUD=matched unrelated donor;
PEG-ADA=Polyethylene glycol-modified bovine adenosine deaminase; QALY=quality-adjusted life years.

12.5.6 Please provide details of the disaggregated incremental QALYs by
health state. Suggested formats are presented below.

The disaggregation of incremental QALYs by health state are presented in
Table D 18 and D 19. Strimvelis provides large incremental QALY gains:
13.6 QALYs when compared to HSCT from a MUD and 11.7 QALYs when
compared to HSCT from a haploidentical donor. When compared to either
HSCT procedure, more than 90% of the QALY gains delivered by Strimvelis
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are due to increased survival and accrue to 2 health states: ‘Success, long
term survival’ and ‘Long term survival after rescue HSCT.’

Table D 18 Summary of QALY gain differences by health state
(Strimvelis versus HSCT from a MUD)

Health state Strimvelis HSCT Increment | Absolute %

QALYs from a increment | absolute
MUD increment
QALYs

Pre- 017 0.36 -0.19 0.19 1.3%

procedure

PEG-ADA

and screening

Success, long 34.0 247 9.3 9.3 66.4%

term survival

Unsuccessful 0.3 0.1 0.2 0.2 1.3%

engraftment,

PEG-ADA,

awaiting

rescue HSCT

Long term 6.9 2.6 4.3 4.4 30.9%

survival after

rescue HSCT

Total 41.4 27.8 13.6

Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor;
PEG-ADA=Polyethylene glycol-modified bovine adenosine deaminase; QALYs=quality-adjusted life years.

Table D 19 Summary of QALY gain differences by health state
(Strimvelis versus HSCT from a haploidentical donor)

Health state | Strimvelis | HSCT from a | Increment | Absolute %
QALYs haploidentical increment | absolute
donor QALYs increment

Pre- 0.17 0.36 -0.19 0.19 0.9%
procedure
PEG-ADA
and

screening

Success, 34.0 17.7 16.3 16.3 77.8%
long term
survival

Unsuccessful 0.3 0.4 -0.2 0.2 0.8%
engraftment,
PEG-ADA,
awaiting
rescue
HSCT
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Health state | Strimvelis | HSCT from a | Increment | Absolute %
QALYs | haploidentical increment | absolute
donor QALYs increment
Post rescue 6.9 11.2 -4.3 4.3 20.5%
transplant
Total 41.4 29.7 11.7

Abbreviations: HSCT=haematopoietic stem cell transplantation; PEG-ADA=Polyethylene glycol-modified bovine
adenosine deaminase; QALYs=quality-adjusted life years.
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12.5.7

Please provide undiscounted incremental QALYs for the

intervention compared with each comparator.

Table D 20 shows the undiscounted incremental QALY for treatment with

Strimvelis compared with HSCT from a MUD.Table D21 shows the

undiscounted incremental QALYs for treatment with Strimvelis compared with

HSCT from a haploidentical donor.

Table D 20 Summary of undiscounted QALY gain differences by health
state (Strimvelis versus HSCT from a MUD)

Health state Strimvelis HSCT Increment | Absolute %

QALYs from a increment | absolute
MUD increment
QALYs

Pre- 0.17 0.36 -0.19 0.19 0.8%

procedure

PEG-ADA

and screening

Success, long 57.8 42.0 15.7 15.7 66.7%

term survival

Unsuccessful 0.3 0.1 0.2 0.2 0.8%

engraftment,

PEG-ADA,

awaiting

rescue HSCT

Long term 12.0 4.6 7.5 7.5 31.7%

survival after

rescue HSCT

Total 70.3 471 23.2

Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor;

PEG-ADA=Polyethylene glycol-modified bovine adenosine deaminase; QALYs=quality-adjusted life years.
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Table D 21 Summary of undiscounted QALY gain differences by health
state (Strimvelis versus HSCT from a haploidentical donor)
Health state | Strimvelis | HSCT from a | Increment | Absolute %
QALYs | haploidentical increment | absolute
donor QALYs increment
Pre- 0.17 0.36 -0.19 0.19 0.5%
procedure
PEG-ADA
and
screening
Success, 57.8 30.1 27.7 27.7 78.0%
long term
survival
Unsuccessful 0.3 0.5 -0.2 0.2 0.5%
engraftment,
PEG-ADA,
awaiting
rescue
HSCT
Long term 12.0 19.5 -7.5 7.5 21.0%
survival after
rescue
HSCT
Total 70.3 50.4 19.9

Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor;

PEG-ADA=Polyethylene glycol-modified bovine adenosine deaminase; QALYs=quality-adjusted life years.
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12.5.8 Provide details of the costs for the technology and its comparator

by category of cost.

Table D 22 shows the costs for Strimvelis versus HSCT from a MUD by
category of costs. Table D 23 shows the costs for Strimvelis versus HSCT
from a haploidentical donor by category of costs. All costs are discounted at
1.5% (see Table D 4 for rationale).

The total lifetime difference in discounted costs for Strimvelis compared with
HSCT from a MUD is an additional £494,255. The total difference in costs for
Strimvelis compared with HSCT from a haploidentical donor is an additional
£170,668.

Product cost is responsible for most of the increased cost of Strimvelis when
compared with HSCT procedures. This is compensated to some degree by
lower pre-procedure PEG-ADA costs for Strimvelis due to the shorter waiting
time before the initial procedure and to the necessity of MUD screening for the
HSCT procedures. It should be noted that some of the higher costs reported
in Table D 22 and Table D 23 result from the increased survival of Strimvelis
patients. A larger proportion of Strimvelis patients survive the initial transplant
procedure and require additional clinical care.

Specification for company submission of evidence 195 of 252



Table D 22 Summary of costs by category of cost per patient —

Strimvelis versus HSCT from a MUD

Category Costs for Costs for Difference:
Strimvelis HSCT from a Strimvelis - HSCT
therapy MUD therapy from a MUD

Screening pre- £0 £45,127 -£45,127

procedure

Confirmation of B £0 B

eligibility for

Strimvelis treatment

PEG-ADA pre- £124,254 £262,314 -£138,060

procedure

Product £505,000 £0 £505,000

Severe infection cost | £13,103 £8,735 £4 368

Rescue transplant £16,119 £6,090 £10,030

cost

Rescue PEG-ADA £217,055 £81,999 £135,051

cost

Hospitalisation cost | | £95,516 B

Follow-up cost, . £43,027 .

includes VCN in

Strimvelis

GvHD £0 £7.834 -£7,834

IVIG cost £23,041 £14,529 £8,512

Total £1,059,425 £565,170 £494,255

Abbreviations: GvHD=graft versus host disease; HSCT=haematopoietic stem cell transplantation;
IVIG=intravenous immunoglobulin; MUD=matched unrelated donor; PEG-ADA=polyethylene glycol-modified

bovine adenosine deaminase.

Note: All costs are discounted at 1.5%.
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Table D 23 Summary of costs by category of cost per patient —
Strimvelis versus HSCT from a haploidentical donor

Category Costs for Costs for Difference:
Strimvelis therapy | HSCT from a Strimvelis - HSCT
haploidentical | from a
donor therapy | haploidentical
donor

Screening pre- £0 £45,127 -£45,127

procedure

Confirmation of || £0 B

eligibility for

Strimvelis

treatment

PEG-ADA pre- £124,254 £262,314 -£138,060

procedure

Product £505,000 £0 £505,000

Severe infection £13,103 £9,359 £3,744

cost

Rescue transplant | £16,119 £26,098 -£9,979

cost

Rescue PEG-ADA | £217,055 £351,423 -£134,367

cost

Hospitalisation || £108,760 ||

cost

Follow-up cost . £58,259 .

GvHD £0 £8,354 -£8,354

IVIG cost £23,041 £19,063 £3,978

Total £1,059,425 £888,757 £170,668

Abbreviations: GvHD=graft versus host disease; HSCT=haematopoietic stem cell transplantation;
IVIG=intravenous immunoglobulin; MUD=matched unrelated donor; PEG-ADA=polyethylene glycol-modified
bovine adenosine deaminase.

Note: All costs are discounted at 1.5%.

12.5.9 If appropriate, provide details of the costs for the technology and its

comparator by health state.

The data are shown in Sections 12.5.5 and 12.5.6.

12.5.10 If appropriate, provide details of the costs for the technology and its
comparator by adverse event.

GvHD is included in the model as a treatment-related AE after an HSCT from
a MUD or haploidentical donor. The expected cost of these events is shown in
Section 12.5.8. Note that rescue transplant GvHD costs are also included in
these totals.
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Sensitivity analysis results

12.5.11 Present results of deterministic one-way sensitivity analysis of the

variables.

Results from the 1-way sensitivity analysis for the ICER are shown in Table D
24 and Table D 25.

In the base-case, the ICER for Strimvelis over HSCT from a MUD is £36,360
per QALY gained and the ICER for Strimvelis over HSCT from a
haploidentical donor is £14,645 per QALY gained. In general, the results from
the 1-way sensitivity analyses show that, with most variables being adjusted
by +/- 25%, the ICERs are very stable and most variables have a very modest
impact on the computed ICER values. Significant exceptions are discussed in
Section 12.5.14. The presented ICERSs should be considered in the context of
the proposed criteria to automatically fund, from routine commissioning
budgets, treatments for very rare conditions (highly specialised technologies)
up to, in general, £100,000/QALY gained and up to £140,000/QALY gained
given the magnitude of the QALY gain provided by Strimvelis over HSCT from
a MUD [NICE, 2017b].

In all cases, the ICERSs for Strimvelis vs either HSCT procedure remain well
below the proposed maximum threshold for acceptance.
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Table D 24 Strimvelis vs HSCT from a MUD, incremental cost effectiveness ratio (Base-case: £36,360 per QALY gained)

Categories and inputs base-case lower upper ICER at ICER at ICER
lower value upper spread
value

Variation in discount rates and time horizon

Discount costs 1.5% 0% 3.5% £36,689 £35,945 £744
Discount outcomes 1.5% 0% 3.5% £21,271 £62,318 £41,047
Discount costs and outcomes 1.5%, 1.5% 0%, 0% 3.5%, 3.5% £21,464 £61,607 £40,143
Time horizon 50 years lifetime 50 years lifetime £46,835 £36,360 £10,475
Time horizon 20 years lifetime 20 years lifetime £94 494 £36,360 £58,134
Variations in survival

ESCT fr:om a MUD - survival 1st 67% 67% 83.75% £36,360 £72,766 £36,406

months

Clinical probabilities

Rates of severe Infections, Years 1-3 26% 26% 42.9% £36,360 £36,800 £440
Strimvelis

Rates of severe Infections, Years 1-3 26% 26% 42.9% £36,360 £36.066 £36,324
MUD

IVIG - at Year 8 in Strimvelis 0% 0% 20% £36,360 £38,536 £2.176
IVIG - at Year 8 in MUD 0% 0% 20% £36,360 £36,127 £233
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Categories and inputs base-case lower upper ICER at ICER at ICER

lower value upper spread
value

Severe acute GvHD of all patients, 10.7% 5% 16% £36,402 £36,321 £81

HSCT from a MUD

Severe chronic GvHD of all patients, 3.6% 0% 7.1% £36,452 £36,268 £184

HSCT from a MUD

Proportion of rescue transplants that are 0% 0% 50% £36,360 £36,534 £174

from a MUD

Proportion who receive a rescue 17.6% 8.30% 22.70% £26,741 £41,573 £14,832

transplant, Strimvelis

Proportion who receive a rescue 6.70% 5.00% 8.30% £38,081 £34,674 £3,407

transplant, HSCT from a MUD

Timing and duration

Weeks on PEG-ADA before Strimvelis 9 7 11 £34,424 £38,285 £3,861

(+/-2)

Weeks on PEG-ADA before MUD (+/- 2) 19 17 21 £38,285 £34,424 £3,861

Weeks on PEG-ADA before MUD 19 24 £47,755 £33,452 £14,303

Timing of rescue transplant Year 3 Year 3 Year 4 £36,360 £41,971 £5,611

Timing of rescue transplant Year 3 Year 3 Year 5 £36,360 £47,456 £11,096

Timing of rescue transplant Year 3 Year 2 Year 3 £30,699 £36,360 £5,661
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Categories and inputs base-case lower upper ICER at ICER at ICER

lower value upper spread
value

Variations in costs

Cost of PEG-ADA, weekly £13,500 £6,750 £13,500 £36,468 £36,360 £108

(50% of base-case)

Cost of PEG-ADA, weekly £13,500 £3,375 £13,500 £36,522 £36,360 £162

(25% of base-case)

Cost of PEG-ADA, weekly £13,500 £1,350 £13,500 £36,554 £36,360 £194

(10% of base-case)

Cost of PEG-ADA, weekly (+/- 25%) £13,500 £10,125 £16,875 £36,414 £36,306 £108

Cost of administration of PEG-ADA £306 £230 £383 £36,361 £36,359 £2

(+/- 25%)

Price of IVIG per gram (+/- 25%) £40.1 £30.1 £50.1 £36,299 £36,420 £121

Cost of administration of IVIG (+/- 25%) £306 £230 £383 £36,264 £36,456 £192

Cost of screening (+/- 25%) £45,127 £33,845 £56,409 £37,190 £35,530 £1,660

Cost of severe infection, all arms £12,143 £9,107 £15179 £36,279 £36,440 £161

(+/- 25%)

Cost confirmation of eligibility for £92,217 £69,163 £115,271 £34,664 £38,056 £3,392

Strimvelis treatment and initial

hospitalisation, Strimvelis (+/- 25%)

Cost initial hospitalisation, MUD (+/- £95,516 £71,637 £119,395 £37,932 £34,788 £3,144

25%)
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Categories and inputs base-case lower upper ICER at ICER at ICER

lower value upper spread
value

Cost of follow-up, Strimvelis (+/- 25%) £52,578 £39,433 £65,722 £35,404 £37,316 £1,912

Cost of follow-up, MUD (+/- 25%) £59,541 £44,656 £74,426 £36,967 £35,753 £1,214

Cost of rescue transplant, Strimvelis £95,516 £71,637 £119,395 £36,063 £36,656 £593

(+/- 25%)

Cost of rescue transplant, MUD (+/- £95,516 £71,637 £119,395 £36,472 £36,248 £224

25%)

Cost of GVHD - all arms (+/- 25%) £29,420 £22,065 £36,775 £36,504 £36,216 £288

Drugs dosage

Duration of PEG-ADA use in bridge to 1.75 years 1.5 years 2 years £34,910 £37,810 £2,900

rescue transplant

Cost of IVIG based on average dose weight weight average £36,360 £36,439 £79

years 0-8

Utilities

Health utility in the period before HSCT 0.98 0.49 1 £36,110 £36,371 £261

or Strimvelis

QALY loss due to an aGvHD, MUD 0.41 0.3 0.5 £36,379 £35,340 £1,039

(+/- 25%)

QALY loss due to a cGvHD, MUD 1.44 1.1 1.8 £36,383 £36,337 £46

(+/- 25%)
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Categories and inputs base-case lower upper ICER at ICER at ICER

lower value upper spread
value
Utilities by age band General x 0.95 x 1.05 £38,278 £34,625 £3,653
population.

Utilities by age band @0.90 general General x 0.90 General £40,410 £36,360 £4,050

population population. population.

Utilities by age band @0.85 general General x 0.85 General £41,793 £36,360 £5,433

population population. population.

Utilities by age band @0.80 general General x 0.80 General £45,475 £36,360 £9,115

population population. population.

Weight for IVIG disutility 1.00 0.75 1.00 £37,158 £36,360 £798

Utility decrement 6 months (Strimvelis 0.57 none 1.00 £36,029 £36,614 £585

and MUD)

Carer’s QALY loss due to premature none none accounted £36,360 £33,201 £3,159

death of child® for

Abbreviations: aGvHD=acute graft versus host disease; cGvHD=chronic graft versus host disease; GvHD=graft versus host disease; HSCT=haematopoietic stem cell transplantation;
ICER=incremental cost-effectiveness ratio; IVIG=intravenous immunoglobulin; LT=long-term; mths=months; MUD=matched unrelated donor; NA=not applicable; PEG-ADA=polyethylene glycol-
modified bovine adenosine deaminase; U=unit.

a,_Following Christensen et al (2014), the additional quality of life-related QALY loss experienced by a bereaved family was assumed to be 9% of the child’s QALY loss. The child is assumed to
die in the first half year cycle (Year 0.5), and the discounted QALY loss of the child was calculated as the difference between the general population survival and the HSCT survival, integrated
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from Year 1 to Year 100. The child’s discounted QALY losses are 23 and 20 QALY for HSCT from a MUD or from a Haplo, respectively. The additional QALY loss experienced by the bereaved
family is 9% of the child’s loss: 2.1 and 1.8 QALY for HSCT from a MUD or from a Haplo, respectively.

Table D 25 Strimvelis vs HSCT from a haploidentical donor, incremental cost effectiveness ratio (Base-case: £14,645 per
QALY gained)

base-case lower upper ICER at ICER at ICER
lower value upper spread
value

Variation in discount rates and time horizon
Discount costs 1.5% 0% 3.5% £14,373 £14,989 £616
Discount outcomes 1.5% 0% 3.5% £8,567 £25,107 £16,540
Discount costs and outcomes 1.5%, 1.5% 0%, 0% 3.5%, 3.5% £8,408 £25,697 £17,289
Time horizon 50 years lifetime 50 years lifetime £18,863 £14,645 £4 218
Time horizon 20 years lifetime 20 years lifetime £38,047 £14,645 £23,402
Variations in survival
HSCT from a Haplo - survival 1st 6 months 71.4% 71.4% 80% £14,645 £19,987 £5,342
Clinical probabilities
Rates of severe Infections, Years 1-3 26% 26% 42.9% £14,645 £15,159 £514
Strimvelis
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base-case lower upper ICER at ICER at ICER
lower value upper spread
value
Rates of severe Infections, Years 1-3 26% 26% 42.9% £14,645 £14,277 £368
Haplo
IVIG - at Year 8 in Strimvelis 0% 0% 20% £14,645 £17,183 £2 538
IVIG - at Year 8 in Haplo 0% 0% 20% £14,645 £13,316 £1,329
Severe acute GvHD of all patients, 11.1% 5.6% 17% £14,665 £16,624 £1,959
HSCT from a haploidentical donor
Severe chronic GvHD of all patients, 0.0% 0% 3.6% £14,645 £14,599 £46
HSCT from a haploidentical donor
Proportion of rescue transplants that are 0% 0% 50% £14,645 £14,442 £203
from a MUD
Proportion who receive a rescue 17.6% 8.30% 22.70% £3,473 £20,703 £17,230
transplant, Strimvelis
Proportion who receive a rescue 28.6% 21.40% 35.70% £23,261 £6,106 £17,155
transplant, HSCT from a haploidentical
donor
Rates of severe Infections, Years 1-3 26% 26% 42.9% £14,645 £15,159 £514
Strimvelis
Rates of severe Infections, Years 1-3 26% 26% 42.9% £14,645 £14,277 £368
HSCT from a haploidentical donor
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base-case lower upper ICER at ICER at ICER
lower value upper spread
value
IVIG - at Year 8 in Strimvelis 0.0% 0.0% 20.0% £14,645 £17,183 £2,538
IVIG - at Year 8 in HSCT from a 0.0% 0.0% 20.0% £14,645 £13,316 £1,329
haploidentical donor
Timing and duration
Weeks on PEG-ADA before Strimvelis 9 7 11 £12,315 £16,959 £4 644
(+/-2)
Weeks on PEG-ADA before Haplo (+/- 2) 19 17 21 £16,959 £12,315 £4,644
Weeks on PEG-ADA before Haplo 19 9 24 £26,071 £8,792 £17,279
Timing of rescue transplant Year 3 Year 3 Year 4 £14,645 £8,414 £6,231
Timing of rescue transplant Year 3 Year 3 Year 5 £14,645 £2,147 £12,498
Timing of rescue transplant Year 3 Year 2 Year 3 £20,822 £14,645 £6,177
Variations in costs
Cost of PEG-ADA, weekly £13,500 £6,750 £13,500 £26,074 £14,645 £11,429
(50% of base-case)
Cost of PEG-ADA, weekly £13,500 £3,375 £13,500 £31,788 £14,645 £17,143
(25% of base-case)
Cost of PEG-ADA, weekly £13,500 £1,350 £13,500 £35,217 £14,645 £20,572
(10% of base-case)
Cost of PEG-ADA, weekly (+/- 25%) £13,500 £10,125 £16,875 £20,359 £8,930 £11,429
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base-case lower upper ICER at ICER at ICER
lower value upper spread
value
Cost of administration of PEG-ADA £306 £230 £383 £14,774 £14,515 £259
(+/- 25%)
Price of IVIG per gram (+/- 25%) £40.1 £30.1 £50.1 £14,608 £14,681 £73
Cost of administration of IVIG (+/- 25%) £306 £230 £383 £14,596 £14,693 £97
Cost of screening (+/- 25%) £45,127 £33,845 £56,409 £15,613 £13,677 £1,936
Cost of severe infection, all arms (+/- 25%) £12,143 £9,107 £15,179 £14,564 £14,725 £161
Cost confirmation of eligibility for Strimvelis £92.217 £69,163 £115,271 £12,666 £16,623 £3,957
treatment and initial hospitalisation,
Strimvelis
(+/- 25%)
Cost initial hospitalisation, Haplo (+/- 25%) | £108,760 £81,570 £135,950 £16,978 £12,312 £4,666
Cost of follow-up, Strimvelis (+/- 25%) £52,578 £39,433 £65,722 £13,530 £15,760 £2,230
Cost of follow-up, Haplo (+/- 25%) £59,541 £44,656 £74,426 £15,547 £13,743 £1,804
Cost of rescue transplant, Strimvelis £95,516 £71,637 £119,395 £14,299 £14,990 £691
(+/- 25%)
Cost of rescue transplant, HSCT from a £95,516 £71,637 £119,395 £15,205 £14,085 £1,120
haploidentical donor (+/- 25%)
Cost of GVHD, all interventions (+/- 25%) £29,420 £22,065 £36,775 £14,824 £14,465 £359
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base-case lower upper ICER at ICER at ICER
lower value upper spread
value
Drugs dosage
Duration of PEG-ADA use in bridge to 1.75 years 1.5 years 2 years £16,327 £12,962 £3,365
rescue transplant (no change in time to
rescue transplant)
Cost of IVIG based on average dose years weight weight average £14,645 £14,662 £17
0-8
Utilities
Health utility in the period before HSCT or 0.98 0.49 1.0 £14,527 £14,650 £123
Strimvelis
One-off QALY loss due to a utility 0.41 0.31 0.51 £14,665 £14,634 £31
decrement from acute GvHD (+/- 25%)
One-off QALY loss due to a utility 1.44 1.08 1.80 £14,645 £14,645 £0
decrement from chronic GvHD (+/- 25%)
Utilities by age band General x 0.95 x 1.05 £15,424 £13,941 £1,483
population.
Utilities by age band @0.90 general General x 0.90 General £16,290 £14,645 £1,645
population population. population.
Utilities by age band @0.85 general General x 0.85 General £17,260 £14,645 £2,615
population population. population.
Utilities by age band @0.80 general General x 0.80 General £18,356 £14,645 £3,711
population population. population.
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base-case lower upper ICER at ICER at ICER
lower value upper spread
value

Utility weight for IVIG 1.00 0.75 1.00 £14,865 £14,645 £220
Utility decrement 6 months (Strimvelis and 0.57 none 1.00 £14,580 £14,694 £114
MUD)
Carer's QALY loss due to premature death none none accounted £14,645 £13,373 £1,272
of child@ for

Abbreviations: aGvHD=acute graft versus host disease; cGvHD=chronic graft versus host disease; GvHD=graft versus host disease; Haplo=haploidentical donor; HSCT=haematopoietic stem
cell transplantation; ICER=incremental cost-effectiveness ratio; IVIG=intravenous immunoglobulin; LT=long-term; mths=months; MUD=matched unrelated donor; NA=not applicable; PEG-
ADA=polyethylene glycol-modified bovine adenosine deaminase; U=unit.

a,_ Following Christensen et al (2014), the additional quality of life-related QALY loss experienced by a bereaved family was assumed to be 9% of the child’s QALY loss. The child is assumed to
die in the first half year cycle (Year 0.5), and the discounted QALY loss of the child was calculated as the difference between the general population survival and the HSCT survival, integrated
from Year 1 to Year 100. The child’s discounted QALY losses are 23 and 20 QALY for HSCT from a MUD or from a Haplo, respectively. The additional QALY loss experienced by the bereaved
family is 9% of the child’s loss: 2.1 and 1.8 QALYs for HSCT from a MUD or from a Haplo, respectively.
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12.5.12 Present results of deterministic multi-way scenario sensitivity

analysis described in Table D 13.

Results for the multi-way scenario analysis are shown in Table D 26. In the
base-case, the ICER for Strimvelis over HSCT from a MUD is £36,360/QALY
gained and the ICER for Strimvelis over HSCT from a haploidentical donor is
£14,645/QALY gained. The multi-way analysis examined the combinations of
reductions in MLS (equal reductions for all treatments) with reductions in utility
scores by age (equal reductions for all treatments). In the analysis, the life
expectancy and utility reductions were reduced by increments of 10% up to a
maximum of a 20% reduction: a total of 9 individual scenarios were examined
including the base-case. The other variables used for the ICER analysis for
Strimvelis over HSCT from a MUD and Strimvelis over HSCT from a
haploidentical donor are presented in Table D 13 and the results are
discussed in Section 12.5.15.

Table D 26 Results from the multi-way scenario-based sensitivity
analysis: ICER for Strimvelis over HSCT from a MUD or haploidentical
donor

MLS*1 (79.9 yrs) | MLS*0.9 (71.9 yrs) | MLS*0.8 (63.9 yrs)
Strimvelis vs HSCT from a MUD
Utility Score | £36,360 £38,375 £40,987
by Age * 1
Utility Score | £40,410 £42,650 £45,554
by Age * 0.9
Utility Score | £45,475 £47,997 £51,266
by Age * 0.8
Strimvelis vs HSCT from a Haploidentical donor
Utility Score | £14,645 £15,456 £16,508
by Age * 1
Utility Score | £16,290 £17,194 £18,366
by Age * 0.9
Utility Score | £18,352 £19,371 £20,694
by Age * 0.8

Abbreviations: HSCT=haematopoietic stem cell transplantation; ICER=incremental cost-effectiveness ratio;
MLS=mean life expectancy for survivors; MUD=matched unrelated donor.

Two additional one-way sensitivity analyses were performed to examine
uncertainties associated with time of rescue transplant and the probability of
death after a rescue transplant.

i) In the base-case, all rescue transplants occur in Year 3. We examined
the consequences of assuming the rescue transplants occur in Years
2, 4, and 5. The effects are modest. The ICERs for Strimvelis over
HSCT from a MUD are £30,699/QALY gained (rescue transplant in
Year 2), £36,360/QALY gained (rescue transplant in Year 3, base-
case), to £41,971/QALY gained (rescue transplant in Year 4), and
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£47,456/QALY gained (rescue transplant in Year 5). The ICERs for
Strimvelis over HSCT from a haploidentical donor are £20,822 (rescue
transplant in Year 2), £14,645/QALY gained (rescue transplant in Year
3, base-case), to £8,414/QALY gained (rescue transplant in Year 4),
and Strimvelis dominates if the rescue transplant occurs in Year 5.1

ii) In the base-case, it was assumed that no deaths occur after rescue
transplant based on results obtained for Strimvelis patients [Cicalese,
2016]. However, there are no literature data on likelihood of death after
rescue transplant for patients who receive HSCT from a MUD or
haploidentical donor [Hassan, 2012]. In the conservative base-case
model it was assumed that no deaths followed rescue transplant in
such cases. To explore this assumption, the probability of death after a
rescue transplant from a MUD or haploidentical donor was taken to be
33%, which is the probability of death after an initial HSCT from a
MUD. In such a scenario, the ICER for Strimvelis over HSCT from a
MUD rises from £36,360/QALY gained to £40,413/QALY gained, while
the ICER for Strimvelis over HSCT from a haploidentical donor falls
from £14,645/QALY gained to £13,279 /QALY gained.

Finally, an additional small set of 1-way ICER sensitivity analyses for
variations in discount rate are presented in Appendix 8 for completeness.

12.5.13 Threshold analysis

In the 1-way sensitivity analysis, we identified a small set of important
parameters that most influence the predicted ICER values. These parameters
fall into 3 categories:

e Post-procedure survival in Strimvelis and HSCT procedures

e The price of the Strimvelis procedure

e The long-term post-procedure utility values for Strimvelis and HSCT
procedures

We performed a threshold analysis to determine the range of values for these
important parameters that will produce ICERs above £140,000/QALY gained
(for Strimvelis vs HSCT from a MUD) or above £120,000/QALY gained (for
Strimvelis vs HSCT from a haploidentical donor).

Post-procedure survival (Strimvelis vs HSCT from a MUD)
The model produces ICERs >£140,000/QALY gained if:

e the survival for HSCT from a MUD is >92%

e or, the survival in Strimvelis is <74%.
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Post-procedure survival (Strimvelis vs HSCT from a haploidentical donor)

The model produces ICERs >£120,000/QALY gained if:

e the survival for HSCT from a haploidentical donor is >97%

e or, the survival in Strimvelis is <73%

The base-line survival rates are 100% (Strimvelis), 66.7% (HSCT from a
MUD), and 71.4% (HSCT from a haploidentical donor). Post-procedure
survival rates in the ranges necessary to exceed the ICER thresholds are not
expected to occur given the information available.

Price of Strimvelis (Strimvelis vs HSCT from a MUD)

The model produces ICERs >£140,000/QALY gained if:

e the price of the Strimvelis procedure is >£1,913,831

Price of Strimvelis (Strimvelis vs HSCT from a haploidentical donor)

The model produces ICERs >£120,000/QALY gained if:

e the price of the Strimvelis procedure is >£1,732,803

Long-term post-procedure utility values

For the base-case QALY gain calculation, we assume that long-term survivors
of Strimvelis or HSCT procedures have the same age-based utility values as
the general population. Simultaneous reduction of the utilities for Strimvelis
and HSCT, by applying a multiplicative utility weight to the general population
utilities, results in the following conclusions.

For Strimvelis vs HSCT from a MUD, model ICERs >£140,000/QALY gained
are produced if, and only if:

o the utility weight is <0.26

For Strimvelis vs HSCT from a haploidentical donor, ICERs >£120,000/QALY
gained are produced if, and only if:

o the utility weight is <0.13

Utilities in these ranges are not expected to be realistic.

12.5.14 Present results of the probabilistic sensitivity analysis.
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Figure 8 shows the scatter plots of the differences in costs and the differences
in effects for 1,000 model runs.

When Strimvelis was compared with HSCT from a MUD, almost all the results
(>99%) fell into the northeast quadrant, indicating that Strimvelis is both more
expensive and generates more QALYs than HSCT from a MUD. Two percent
of the model runs resulted in an ICER greater than £100,000/QALY gained,
with results showing that the ICER ranges between dominance for Strimvelis
and £189,235/QALY gained, with a median value of £35,642/QALY gained.

When Strimvelis was compared with HSCT from a haploidentical donor most
of the results (74%) fell in the northeast quadrant, indicating that Strimvelis is
both more expensive and generates more QALY's than HSCT from a
haploidentical donor; 26% of the results fell into the southeast quadrant,
indicating the dominance of Strimvelis. Three percent of the model runs
resulted in an ICER greater than £100,000/QALY gained, with results showing
that the ICER ranges between dominance for Strimvelis (for PSA runs in the
southeast quadrant) and £279,491/QALY gained. The median ICER value
was £14,856/QALY gained.
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Figure 8 Scatter plots of differences in costs and outcomes of Strimvelis versus HSCT from a MUD or haploidentical donor
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Abbreviations: HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor; QALY=quality-adjusted life years
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Table D 27 shows the mean differences in outcomes and costs from the
probabilistic sensitivity analysis (PSA) and the minimum, maximum, mean,

and median ICER results for Strimvelis versus HSCT from a MUD.

In the PSA incremental costs range between -£235,770 and £1,115,559,
incremental QALY ranges between 2.1 and 32.6, and incremental cost
effectiveness from dominance for Strimvelis to £361,272 per QALY gained.

Table D 27 Results from the probabilistic sensitivity analysis -

Strimvelis versus HSCT from a MUD

Strimvelis vs Min Max Median Mean
MUD

Incremental cost -£235,770 £1,115,559 £500,878 | £500,422
Incremental QALY 2.1 32.6 13.2 13.5
ICER dominant £361,272 £37,269 | £42,863
CE Plane (Strimvelis vs MUD) %
Incr. cost >0, Incr. QALY <0 (dominated) 0.0%
Incr. cost <0, Incr. QALY >0 (dominant) 0.4%
Incr. cost >0, Incr. QALY >0, ICER <100K/QALY gained 96.1%
Incr. cost >0, Incr. QALY >0, ICER >100K/QALY gained 3.5%
Incr. cost <0, Incr. QALY <0 0.0%

Abbreviations: HSCT=haematopoietic stem cell transplantation; ICER=incremental cost-effectiveness ratio;

Max=maximum; Min=minimum; MUD=matched unrelated donor; QALY=quality adjusted life year.

Figure 9 shows the cost effectiveness acceptability curve (CEAC) where the
percentages of simulations below each possible willingness-to-pay threshold
are shown. At an ICER threshold of £30,000, the probability of being cost
effective is 33%; at £40,000, the probability of being cost effective is 56%; at
£50,000, the probability is 72%; at £100,000, the probability is 97%; and at
£140,000, the probability is 99%.
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Figure 9 Cost effectiveness acceptability curve for Strimvelis versus
HSCT from a MUD

CEAC - Strimvelis vs. HSCT from a MUD
100%

890 %
80%
70%
60 %
50%
40%
0%
20%
10%

Probability of being cost-effective

£0 £30,000 £60.,000 £90.000 £120.000 £150.000
ICER threshold

Abbreviations: CEAC=cost effectiveness acceptability curve;
HSCT=haematopoietic stem cell transplantation; MUD=matched unrelated donor;
QALY=quality-adjusted life years.

Table D 28 shows the mean differences in outcomes and costs from the PSA
and the minimum, maximum, mean, and median ICER results for Strimvelis
versus HSCT from a haploidentical donor.

In PSA incremental costs range between - £640,284 and £872,039, the
incremental QALY ranges between 2.5 and 27.6, and the incremental cost
effectiveness from dominance for Strimvelis to £135,814 per QALY gained.
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Table D 28 Results from the PSA — Strimvelis versus HSCT from a
haploidentical donor

Strimvelis vs Min Max Median Mean

haploidentical

donor

Incremental -£640,284 £872,039 £167,487 £168,197

cost

Incremental 2.5 27.6 11.5 11.7

QALY

ICER Dominant £135,814 £14,341 £13,979
CE Plane (Strimvelis vs Haplo) %

Incr. cost >0, Incr. QALY <0 (dominated) 0%

Incr. cost <0, Incr. QALY >0 (dominant) 18.4%

Incr. cost >0, Incr. QALY >0, ICER <100K/QALY gained 81.6%

Incr. cost >0, Incr. QALY >0, ICER >100K/QALY gained 0.1%

Incr. cost <0, Incr. QALY <0 0%

Abbreviations: Haplo = haploidentical donor; HSCT= HSCT=haematopoietic stem cell transplantation;
ICER=incremental cost-effectiveness ratio; Max=maximum; Min=minimum; MUD=matched unrelated donor;
PSA=probabilistic sensitivity analysis; QALY=quality adjusted life year.

Figure 10 shows the CEAC where the percentages of simulations below each
possible willingness-to-pay threshold are shown. At a threshold of £30,000,
the probability of being cost-effective is 83%; at £40,000, the probability is
93%; at £60,000, the probability is 99%; at £100,000 per QALY gained the
probability is 100%.

Figure 10 CEAC for Strimvelis versus HSCT from a haploidentical donor

CEAC - Strimvelis v HSCT from a haploidentical donor
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Abbreviations: CEAC=cost effectiveness acceptability curve; haplo=HSCT from a haploidentical donor;
HSCT=haematopoietic stem cell transplantation; QALY=quality-adjusted life years.

12.5.15 What were the main findings of each of the sensitivity analyses?

The detailed analysis is given in Section 12.5.11 and Appendix 8. In general,
the results from the 1-way sensitivity analyses show that, with most variables
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being adjusted by +/- 25%, the ICERs are very stable and most variables
have very modest impact on the computed ICER values. Even where the
variation in ICERs was greater, the cost-effectiveness verdict for all but 1 case
would be the same because ICERs fall well below the criteria to automatically
fund treatments for very rare conditions (appraised under the Highly
Specialised Technologies programme) of, in general, £100,000/QALY gained
and up to £140,000 or £120,000 per QALY gained given the magnitude of the
QALY gain provided by Strimvelis when compared to MUD (13.6) and Haplo
(11.7), respectively. Examples of variable changes that resulted in a greater
variation in the ICERs include:

¢ the discount rate employed (especially the discount rate for outcomes)

e rescue transplant rates for Strimvelis and HSCT from a haploidentical
donor

and,
¢ the initial post-intervention survival rates

The discount rate: When a 3.5% discount rate is used for both costs and
outcomes, then the ICER for Strimvelis vs HSCT from a MUD rises from
£36,360 to £61,607. If costs are discounted at 3.5% and outcomes at 1.5%,
then the ICER for Strimvelis vs HSCT from a MUD falls slightly from £36,360
to £35,945 (a decrease of <1%). Applying no discounting to costs and
outcomes reduces the Strimvelis ICER vs HSCT from a MUD to £21,312.

When a 3.5% discount rate is used for both costs and outcomes, then the
ICER for Strimvelis versus HSCT from a haploidentical donor rises from
£14,645 to £25,697. If costs are discounted at 3.5% and outcomes at 1.5%,
then the ICER for Strimvelis vs HSCT from a haploidentical donor increases
slightly from £14,645 to £15,294. Applying no discounting reduces the
Strimvelis ICER vs HSCT from a haploidentical donor to £8,278.

In all these cases, the ICERSs for Strimvelis vs either HSCT procedure remain
well below the criteria to automatically fund treatments for very rare conditions
(highly specialised technologies) up to, in general, £100,000/QALY gained
and up to £140,000/QALY gained given the magnitude of the QALY gain
(13.6) provided by Strimvelis compared with HSCT from a MUD [NICE,
2017b].

Rescue transplant rates: Reducing the probability of a rescue transplant being
required after Strimvelis from the baseline 17.6% to 8.3% reduces the ICER
for Strimvelis versus HSCT from a MUD and HSCT from a haploidentical
donor to £25,881 and £3,626, respectively. Increasing the probability of a
rescue transplant being required after Strimvelis to 22.7% increases the ICER
for HSCT from a MUD and HSCT from a haploidentical donor to £40,483 and
£20,214, respectively. Once again, the ICERs for Strimvelis vs either HSCT
procedure remain well below the £100,000/QALY gained and up to
£120,000/QALY gained (for QALY gains of 11.7) criteria.
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The initial post-intervention survival rates: Increasing the HSCT from a MUD
survival rate from 67% to 83.75% substantially increases the ICER for
Strimvelis vs HSCT from a MUD from £36,360 to £67,403, which is still
considerably below the £100,000/QALY gained and up to £140,000/QALY
gained criteria

In summary, none of the extensive 1-way deterministic sensitivity analyses
results in an ICER above £100,000 per QALY.

In the multi-way sensitivity analysis, the impact on the ICERSs of varying both
the mean life expectancy of survivors and the quality of life of these survivors
is relatively modest.

These results were consistent with the probabilistic sensitivity analysis, the
ICERs/QALY gained range between dominance for Strimvelis and
£361,272/QALY with a median value of £37,269/QALY gained for HSCT from
a MUD:; and between dominance for Strimvelis and £135,814 for HSCT from a
haploidentical donor with a median value of £14,341/QALY gained. Although
the sensitivity analysis produced some instances where the ICER exceeded
the £100,000/QALY gained threshold, such instances were rare: the
probability that the ICER met the threshold is 96%.

In summary, GSK has performed a detailed and comprehensive sensitivity
analysis that confirmed the primary conclusion of the base-case analysis:
Strimvelis is a highly effective treatment vs HSCT and, in almost all cases,
easily meets the new HST ICER cost-effectiveness criteria for automatic
funding of treatments for ultra-rare conditions.

12.5.16  What are the key drivers of the cost results?

Table D 29 shows the percentage of total costs for each cost category for
each of the three interventions.

Table D 29 Percentage of total costs by cost category

Cost category Costs for HSCT from a HSCT from a
Strimvelis therapy | MUD haploidentical
donor
Screening pre- 0.0% 8.0% 5.1%
procedure
Confirmation of || 0.0% 0.0%
eligibility for
Strimvelis
treatment
PEG-ADA pre- 11.7% 46.4% 29.5%
procedure
Product 47.7% 0.0% 0.0%
Severe infection 1.2% 1.5% 1.1%
cost
Rescue transplant 1.5% 1.1% 2.9%
cost
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Cost category Costs for HSCT from a HSCT from a
Strimvelis therapy | MUD haploidentical
donor

Rescue PEG-ADA 20.5% 14.5% 39.5%
cost

Hospitalisation B 16.9% 12.2%
cost

Follow-up cost B 7.6% 6.6%
GvHD 0.0% 1.4% 0.9%
IVIG cost 2.2% 2.6% 2.1%
Total 100% 100% 100%

Abbreviations: HSCT= HSCT=haematopoietic stem cell transplantation; GvHD=graft-versus-host disease;
IVIG=intravenous immunoglobulin; MUD=matched unrelated donor; PEG-ADA=polyethylene glycol-modified
bovine adenosine deaminase.

Note: All percentages are calculated using costs discounted at 1.5%.

The cost of the Strimvelis product is the major cost component of total
Strimvelis costs followed by rescue PEG-ADA costs. PEG-ADA pre-procedure
costs are the major cost component of total HSCT from a MUD followed by
hospitalisation costs. Rescue PEG-ADA costs are the major cost component
of total HSCT from a haploidentical donor followed by PEG-ADA pre-
procedure costs.

The 2 major drivers of cost are the probabilities of survival after intervention
and probability of requiring a rescue transplant. Survival generates potential
additional severe infection, rescue transplant, associated PEG-ADA, follow-
up, GvHD (for HSCT), and IVIG costs. Increasing the probability of a rescue
transplant being required increases severe infection, further rescue transplant,
associated PEG-ADA, hospitalisation, follow-up GvHD, and IVIG costs.

Miscellaneous results
12.5.17 Describe any additional results that have not been specifically
requested in this template. If none, please state.

Using the same baseline assumptions as discussed earlier, the cost per life
year gained for Strimvelis versus HSCT from a MUD is £31,629. The cost per
Life Year gained for Strimvelis versus HSCT from a haploidentical donor is
£12,959.

12.6 Subgroup analysis

12.6.1 Specify whether analysis of subgroups was undertaken and how
these subgroups were identified. Cross-reference the response to

the decision problem in table A1.

In line with the decision problem, subgroup analyses were not undertaken due
to the small number of patients in each treatment group. Further dividing the
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small patient numbers in analyses are unlikely to provide clinically meaningful
information.

12.6.2 Define the characteristics of patients in the subgroup(s).

Not applicable.

12.6.3 Describe how the subgroups were included in the cost-

effectiveness analysis.

Not applicable.

12.6.4 What were the results of the subgroup analysis/analyses, if
conducted? The results should be presented in a table similar to
that in section 12.5.6 (base-case analysis). Please also present the

undiscounted incremental QALY's consistent with Section 12.5.7.

Not applicable.

12.6.5 Were any subgroups not included in the submission? If so, which

ones, and why were they not considered?

Not applicable.
12.7 Validation

12.7.1 Describe the methods used to validate and cross-validate (for
example with external evidence sources) and quality-assure the
model. Provide references to the results produced and cross-
reference to evidence identified in the clinical and resources

sections.

Given the scarcity of long-term studies on the progression of patients with
ADA-SCID after a successful intervention, data validation using literature
sources was not possible. Economic modelling was validated with Professor
Andrew Briggs, Chair in Health Economics at the University of Glasgow.

12.8 Interpretation of economic evidence

12.8.1 Are the results from this cost-effectiveness analysis consistent with
the published economic literature? If not, why do the results from
this evaluation differ, and why should the results in the submission
be given more credence than those in the published literature?

A systematic literature search identified no published economic literature on
treatments for ADA-SCID, so this could not be ascertained. However,
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improvements in clinical outcomes including survival are reflected in the fact
that gene therapy is now considered to be the first option for the treatment of
ADA-SCID for patients without a matched related donor in European
guidelines [ESID/EBT Guideline, 2017].

12.8.2 Is the cost-effectiveness analysis relevant to all groups of patients
and specialised services in England that could potentially use the

technology as identified in the scope?

Yes, the analysis is relevant to all patients with ADA-SCID likely to present at
the two specialist bone marrow transplant centres in England for whom a
suitable matched related stem cell donor is not available, in accordance with
the marketing authorisation for Strimvelis.

12.8.3 What are the main strengths and weaknesses of the analysis? How

might these affect the interpretation of the results?

The model is complete in scope and in content. It includes all the clinical
stages for ADA-SCID patients that are seen in clinical practice and the model
parameters are drawn from clinical studies, peer-reviewed literature, clinical
practice, and expert advice. Reasonable assumptions were made for the
base-case analysis when data were not available and the basis for these
assumptions is clearly provided in this report. When data were missing, dated,
or uncertain, we explored the consequences of data uncertainties with
extensive deterministic and probabilistic sensitivity analyses. The primary
results of the modelling and the main cost-benefit conclusions are very robust
under reasonable sensitivity parameter variation. In all non-extreme
scenarios, Strimvelis treatment gives significant QALY gains when compared
to HSCT from a MUD or from a haploidentical donor and, these gains are
achieved with ICERs well under £100,000 per QALY gained.

Modelling is an attempt to simplify reality. Relative to other diseases, clinical
and natural history data for patients with ADA-SCID are scarce. For example,
data for Strimvelis are based on integrated studies of 18 patients. A detailed
and thorough search of the scientific literature was performed and the model
incorporates the latest data available. Despite this, data gaps exist and, in
such cases, we have used sensitivity analyses to identify and quantify key
uncertainties. Some literature data, e.g., those reported by Hassan (2012),
cover a long time period over which clinical practice was evolving, and these
temporal changes may increase uncertainties, but we have addressed this to
take a conservative view when in doubt. The results in these studies are not
comprehensively reported, and a number of assumptions have been made to
address these data gaps.

The impact (cost or outcomes) of cognitive or neurodevelopmental deficits
(e.g., deafness) was not included in the analysis. This is not necessarily a
concern since no available treatment (Strimvelis, HSCT, or PEG-ADA) is
thought to improve the neurological deficits observed in patients with ADA-
SCID. Nevertheless, the evidence indicates that Strimvelis increases overall
survival, which will increase the number of patients who suffer from such
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deficits. If these patients incur higher health care costs than patients without
such deficits, total costs would be greater in the Strimvelis surviving
population. However, given the very small number of patients that would likely
fall in this category, the aggregate cost burden would be extremely low.

12.8.4 What further analyses could be undertaken to enhance the

robustness/completeness of the results?

Given the summary and incomplete nature of the published clinical evidence
for HSCT from a MUD or haploidentical donor for the treatment of ADA-SCID
and the limited experience with Strimvelis, the preceding analysis includes a
number of assumptions. These assumptions naturally lead to uncertainties in
the model. We have addressed the main uncertainties within the various
sensitivity analyses that have been conducted. It is expected that the ongoing
follow up of current and future patients with ADA-SCID who receive Strimvelis
through the patient registry will be sufficient to address any remaining minor
uncertainties and support the demonstrated high cost-effectiveness of
Strimvelis in this submission.

13 Cost to the NHS and Personal Social Services

Summary

e Over 5 years, the cumulative budget impact of treating 1 patient with
Strimvelis every year (rather than 1 patient with HSCT from a MUD per
year) is estimated to be £2,339,257.

13.1 How many patients are eligible for treatment in England? Present
results for the full marketing authorisation and for any subgroups

considered. Also present results for the subsequent 5 years.

The incidence of ADA-SCID in the UK has not been specifically studied, but
this information can be extrapolated from available data. According to the
2012 Screening for Severe Combined Immunodeficiency: External Review
Against Programme Appraisal Criteria for the UK National Screening
Committee, 20 children per year presented with SCID to the 2 UK centres for
care (Great Ormond Street Hospital and Newcastle Great North Children’s
Hospital), which suggests an incidence for SCID of approximately 2.86 infants
per 100,000 [UK National Screening Committee, 2012]. Using an estimate
quoted in that report that ADA-SCID accounts for 14.8% of all patients with
SCID yields an incidence of ADA-SCID in the UK of 2.96 patients per year. In
another report, the percent of patients with SCID in the UK with ADA-SCID
has been noted to be as high as 20% [Adams, 2015], which would yield an
incidence of 4 patients per year in the UK. Therefore, 3 to 4 children per year
would be likely to be diagnosed with ADA-SCID in the UK per year. The
number of patients diagnosed with the condition per year in England would be
a portion of the patients diagnosed per year in the UK. The exact proportion is
unknown, but less than 4 patients per year in England would be expected.
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Strimvelis is indicated for patients with ADA-SCID who do not have a matched
related donor. Of the incident cases of 3 to 4 patients per year in the UK, 75-
80% of patients will not have a suitable HLA-matched related stem cell donor
available [Ferrua, 2010; Hirschorn, 2014], so only 2 to 3 patients per year from
the UK are likely to be eligible for Strimvelis. The number of eligible patients
from England would be expected to be smaller, and this number would be
expected to be consistently within that range over the next 5 years.

13.2 Describe the expected uptake of the technology and the changes

in its demand over the next five years.

Market growth information in other countries is not yet available. Uptake is not
expected to be 100% of eligible patients. Strimvelis therapy requires patients
to travel to and stay in Italy for 4.5 months. It is anticipated that some families
will not be willing to make this trip and will seek alternatives that can be
provided in England. Therefore, it is likely that only 1 patient per year from
England, or potentially even less than 1 patient per year, will receive
Strimvelis. This demand would be expected to be consistently within that
range over the next 5 years.

13.3 In addition to technology costs, please describe other significant
costs associated with treatment that may be of interest to NHS

England (for example, additional procedures etc).

Not applicable.

13.4 Describe any estimates of resource savings associated with the

use of the technology.

Section 12.5.8 summarises the changes in cost by cost category of moving
from treatment with HSCT from either a MUD or haploidentical donor to
Strimvelis.

The use of Strimvelis in place of HSCT from a MUD or haploidentical donor
offers an opportunity for resource savings in several areas. With Strimvelis,
there is no search for a MUD or the associated cost for that search. This also
means the time to treatment is shorter for Strimvelis (9 weeks versus

19 weeks on average). Patients will require supportive care, including
expensive PEG-ADA for a shorter period of time before treatment. The cost of
hospitalisation is lower for Strimvelis. Additionally, there are no costs to treat
GvHD as there may be with HSCT from a MUD or haploidentical donor
because GvHD does not occur in patients treated with Strimvelis.

If Strimvelis is used instead of HSCT from a MUD, the net increase in costs
per patient (lifetime and not discounted) is expected to be £498,735. This
value is after including an expected savings of £194,366 (savings of £45,127
for screening for a MUD, £138,060 for PEG-ADA before the procedure, [J] for
hospitalisation, and £7,880 for reductions in treating GvHD).
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If Strimvelis is used instead of HSCT from a haploidentical donor, the net
increase in costs per patient (lifetime and not discounted) is expected to be
£167,502. This value is after including expected savings of £355,818 (savings
of £45,127 for screening for HSCT, £138,060 for PEG-ADA before the
procedure, £10,435 for rescue transplant, £137,248 for rescue PEG-ADA, ||}
for hospitalisation and £8,406 for reductions in treating GvHD).

13.5 Are there any other opportunities for resource savings or

redirection of resources that it has not been possible to quantify?

None applicable.

13.6 Describe any costs or savings associated with the technology that
are incurred outside of the NHS and PSS.

Travel, lodging, meals, and other patient support services are not included in
the price of Strimvelis. NHS England has referred GlaxoSmithKline to the
commissioning policy on Proton Beam Therapy as representative of what
NHS England would fund for a patient to be treated in another EU member
state. The policy includes two parents (or a parent and a caregiver) to travel
with the child as well as paying for accommodation during the stay in

Milan. We have estimated that the total cost as €13,400, excluding the cost of
public transport to and from the airport in the UK. This would include the cost
of three economy class return airline tickets to a Milan airport at €900
(3*€300), accommodation in Milan for 4.5 months at €11,700 and local
transport at €800. ]

It should be noted that families of patients with ADA-SCID who are treated
with HSCT must also usually travel to a specialty centre, where they typically
stay from diagnosis to treatment. The difference is that the travel for HSCT is
within the UK.

13.7 What is the estimated budget impact for the NHS and PSS over
the first year of uptake of the technology, and over the next 5

years?

The budget impact model is constructed as a module within the cost-
effectiveness model. The numbers of patients who would be eligible for
treatment within each year of a 5-year period and the current treatment
options that Strimvelis would replace for each year are selected.

All cost data for the analysis are drawn from the cost-effectiveness model.
Discounting is not applied within the budget impact model.

For the current situation, the model calculates the total cost of treatment for
patients treated through Years 1 to 5 inclusive by reference to the model
underlying the cost-effectiveness analysis. If a patient were to join in Year 2,
then the model would begin calculation from the model, again, from Year 1,
but the Year 1 data for this patient are added to the Year 2 data for the first
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patient. Similarly, the Year 2 data for the second year patient are added to the
Year 3 data for the patient who joined in Year 1.

Since the incidence rate of ADA-SCID in the UK and the exact proportion of
patients who could be treated by an MRD are uncertain, we present the
budget impact results by first showing the budget impact of Strimvelis
replacing a single HSCT from a MUD or haploidentical donor. We then
calculate the anticipated total number of patients over the next 5 years. We
have assumed that 3 patients in England will be diagnosed with ADA-SCID
per year and that 1 of those 3 patients will receive HSCT from an MRD.
Therefore 2 patients per year will be eligible to receive Strimvelis. Uptake is
not expected to be 100% given the travel requirements; therefore, we have
assumed that 1 patient per year will receive Strimvelis. We have assumed that
Strimvelis will be replacing 1 HSCT from a MUD based on clinical expert
explanation that HSCT from a haploidentical donor has not been performed in
England in the last 15 years.

Table D 30, Table D 31, and Table D 32 show the annual cost per year for up
to 5 years of 1 patient treated by an HSCT from a MUD, 1 patient treated by
an HSCT from a haploidentical donor, and 1 patient treated with Strimvelis,
respectively.
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Table D 30 Cost per year of a patient being treated with HSCT from a MUD (undiscounted)

Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total % Total
Screening £45127 £0 £0 £0 £0 £45127 8.0%
PEG-ADA pre-procedure £262,314 £0 £0 £0 £0 £262,314 46.3%
Product £0 £0 £0 £0 £0 £0 0.0%
Severe infection cost £2.105 £2.105 £2.105 £566 £566 £7.447 1.3%
Rescue transplant cost £0 £0 £6,368 £0 £0 £6,368 1.1%
Rescue PEG-ADA cost £35,896 £47,861 £0 £0 £0 £83,756 14.8%
Hospitalisation cost £95,516 £0 £0 £0 £0 £95,516 16.9%
Follow-up cost £30,564 £9,130 £3,056 £912 £0 £43,663 7.7%
GvHD £7,880 £0 £0 £0 £0 £7,880 1.4%
IVIG cost £5,236 £3,766 £2,435 £1,739 £1,045 £14,220 2.5%
Total Cost £484,638 £62,861 £13,964 £3,218 £1,611 £566,292 100.0%
Cumulative £484,638 £547,499 £561,463 £564,681 £566,292

Abbreviations: GvHD=graft-versus-host disease; IVIG=intravenous immunoglobulin; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase.
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Table D 31 Cost per year of a patient being treated with HSCT from a haploidentical donor (undiscounted)

Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total % Total
Screening £45.127 £0 £0 £0 £0 £45.127 5.1%
PEG-ADA pre- £262,314 £0 £0 £0 £0 £262,314 29.3%
procedure
Product £0 £0 £0 £0 £0 £0 0.0%
Severe infection cost £2,255 £2,255 £2,255 £607 £607 £7,979 0.9%
Rescue transplant cost £0 £0 £27,290 £0 £0 £27,290 3.0%
Rescue PEG-ADA cost £153,838 £205,118 £0 £0 £0 £358,956 40.0%
Hospitalisation cost £108,760 £0 £0 £0 £0 £108,760 12.1%
Follow-up cost £32,748 £9,782 £13,099 £3,911 £0 £59,539 6.6%
GvHD £8,406 £0 £0 £0 £0 £8,406 0.9%
IVIG cost £5,610 £4,341 £3,536 £2,784 £1,716 £17,987 2.0%
Total Cost £619,058 £221,495 £46,181 £7,302 £2,323 £896,358 100.0%
Cumulative £619,058 £840,553 £886,734 £894,035 £896,358

Abbreviations: GvHD=graft-versus-host disease; IVIG=intravenous immunoglobulin; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase.
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Table D 32 Cost per year of a patient being treated with Strimvelis (undiscounted)

Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total % Total
Screening £0 £0 £0 £0 £0 £0 0.0%
Confirmation of eligibility for Strimvelis . . . . . . .
treatment

PEG-ADA pre-procedure £124,254 £0 £0 £0 £0 £124,254 11.7%
Product £505,000 £0 £0 £0 £0 £505,000 47.5%
Severe infection cost £3,157 £3,157 £3,157 £850 £850 £11,171 1.1%
Rescue transplant cost £0 £0 £16,856 £0 £0 £16,856 1.6%
Rescue PEG-ADA cost £95,018 £126,690 £0 £0 £0 £221,708 20.8%
Hospitalisation cost B B || B || || ||
Follow-up cost B B || B || || |
GvHD £0 £0 £0 £0 £0 £0 0.0%
IVIG cost £7,854 £5,758 £3,983 £2,937 £1,703 £22,312 21%
Total Cost £870,399 £150,112 £34,075 £6,202 £2,629 £1,063,417 100.0%
Cumulative £870,399 | £1,020,511 | £1,054,586 | £1,060,788 | £1,063,417

Abbreviations: GvHD=graft-versus-host disease; IVIG=intravenous immunoglobulin; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase; TC=total cost.
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From the 1-year perspective, the budget impact per patient of Strimvelis
replacing an HSCT from a MUD is estimated to be £385,761 (£870,399 -
£484,638). From the 5-year perspective, the budget impact per patient is
£497,125 (£1,063,417 - £566,292).

From the 1-year perspective, the budget impact per patient of Strimvelis
replacing an HSCT from a haploidentical donor is estimated to be £251,341
(£870,399 - £619,058). From the 5-year perspective, the budget impact per
patient is £167,059 (£1,063,417 - £896,358).

Median and mean hospital stay after the procedure in the Strimvelis integrated
population was 45 days and 53 days, respectively. Minimum stay after the
procedure was 34 days, whilst one patient stayed hospitalised for the
maximum of 110 days. In the extreme case in which a particular patient
needed to stay in hospital longer 110 days the budget impact of Strimvelis
replacing an HSCT from a MUD is estimated to increase by €53,138
(approximately £45,167), going up to £430,928 and £542,293 per patient from
1-year and 5-year perspectives, respectively.

Table D 33 shows the cost per year and over 5 years of the expected current
treatment of HSCT from a MUD for 1 patient per year in England over the next
5 years (‘current situation’).
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Table D 33 Cumulative cost of treating 1 patient per year for 5 years with HSCT from a MUD

Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total % Total
Screening £45,127 £45127 £45127 £45,127 £45.127 £225,635 8.3%
PEG-ADA pre-procedure £262,314 £262,314 £262,314 £262,314 £262,314 £1,311,570 48.1%
Product £0 £0 £0 £0 £0 £0 0.0%
Severe infection cost £2,105 £4,210 £6,314 £6,881 £7.,447 £26,957 1.0%
Rescue transplant cost £0 £0 £6,368 £6,368 £6,368 £19,103 0.7%
Rescue PEG-ADA cost £35,896 £83,756 £83,756 £83,756 £83,756 £370,921 13.6%
Hospitalisation cost £95,516 £95,516 £95,516 £95,516 £95,516 £477,580 17.5%
Follow-up cost £30,564 £39,694 £42,750 £43,663 £43,663 £200,335 7.4%
GvHD £7,880 £7,880 £7,880 £7,880 £7,880 £39,402 1.4%
IVIG cost £5,236 £9,002 £11,437 £13,176 £14,220 £53,070 1.9%
Total Cost £484,638 £547,499 £561,463 £564,681 £566,292 £2,724,572 100.0%
Cumulative £484,638 £1,032,137 £1,593,600 £2,158,281 £2,724,572

Abbreviations: GvHD=graft-versus-host disease; HSCT=haematopoietic stem cell transplantation;

ADA=polyethylene glycol-modified bovine adenosine deaminase; TC=total cost.
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Table D 34 shows the cost per year over 5 years of treating 1 patient per year with Strimvelis (‘new situation’).

Table D 34 Cumulative cost of treating 1 patient per year for 5 years with Strimvelis

Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total % Total
Screening £0 £0 £0 £0 £0 £0 0.0%
Confirmation of eligibility [ | | | || || ] ||
for Strimvelis Treatment

PEG-ADA pre-procedure £124,254 £124,254 £124,254 £124,254 £124,254 £621,270 12.3%
Product (Strimvelis) £505,000 £505,000 £505,000 £505,000 £505,000 £2,525,000 49.8%
Severe infection cost £3,157 £6,314 £9.472 £10,321 £11,171 £40,435 0.8%
Rescue transplant cost £0 £0 £16,856 £16,856 £16,856 £50,567 1.0%
Rescue PEG-ADA cost £95,018 £221,708 £221,708 £221,708 £221,708 £981,850 19.4%
Hospitalisation cost || || || || || || ||
Follow-up cost [ | [ | [ | [ | [ | [ | |
GvHD £0 £0 £0 £0 £0 £0 0.0%
IVIG cost £7,854 £13,612 £17,595 £20,532 £22,312 £81,905 1.6%
Total Cost £870,399 £1,020,511 £1,054,586 £1,060,788 £1,063,417 £5,069,700 100.0%
Cumulative £870,399 £1,890,909 £2,945,495 £4,006,283 £5,069,700

Abbreviations: GvHD=graft-versus-host disease; IVIG=intravenous immunoglobulin; PEG-ADA=polyethylene glycol-modified bovine adenosine deaminase; TC=total cost.
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Over the first year of uptake, the budget increase (from treating 1 patient with
Strimvelis rather than HSCT from a MUD) is £385,761 (£870,399 - £484,638).
Over 5 years, the cumulative budget impact of treating 1 patient with
Strimvelis each year (rather than 1 patient with HSCT from a MUD each year)
is £2,345,128 (£5,069,700 - £2,724,572).

Table D 35 shows the difference in costs for each year for the ‘new situation’
replacing the ‘current situation’. This represents a very low budget impact,
particularly for a totally innovative therapy that is addressing a very high
unmet need in children diagnosed with ADA-SCID.
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Table D 35 Difference in cost of Strimvelis replacing 1 HSCT from a MUD per year for 5 years

Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total
Screening -£45,127 -£45,127 -£45,127 -£45,127 -£45,127 -£225,635
Confirmation of eligibility B || B B B B

for Strimvelis Treatment

PEG-ADA pre-procedure -£138,060 -£138,060 -£138,060 -£138,060 -£138,060 -£690,300
Product £505,000 £505,000 £505,000 £505,000 £505,000 £2,525,000
Severe infection cost £1,052 £2.105 £3,157 £3,440 £3,724 £13,478
Rescue transplant cost £0 £0 £10,488 £10,488 £10,488 £31,464
Rescue PEG-ADA cost £59,122 £137,952 £137,952 £137,952 £137,951 £610,929
Hospitalisation cost B B B B B B
Follow-up cost || || || || || ||
GvHD -£7,880 -£7,880 -£7,880 -£7,880 -£7,880 -£39,402
IVIG cost £2,618 £4,610 £6,158 £7,357 £8,092 £28,835
Total Cost £385,761 £473,012 £493,123 £496,107 £497,125 £2,345,128
Cumulative £385,761 £858,772 £1,351,895 £1,848,002 £2,345,128

Abbreviations: GvHD=graft-versus-host disease; HSCT=haematopoietic stem cell transplantation; IVIG=intravenous immunoglobulin; MUD=matched unrelated donor; PEG-ADA=polyethylene
glycol-modified bovine adenosine deaminase; TC=total cost.
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13.8 Describe the main limitations within the budget impact analysis

(for example quality of data inputs and sources and analysis etc.).

Section 12.8.3 details the limitations of the cost-effectiveness analysis. The
limitations relating to the availability of the underlying data also apply to the
budget impact analysis. In addition, small variations in the total number of
patients treated per year may have a significant effect on the total budget
impact. If 2 patients per year were eligible for Strimvelis, the 5-year budget
impact would increase from £2,345,128 to £4,690,256.
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Section E — Impact of the technology beyond direct
health benefits

14 Impact of the technology beyond direct health

benefits

14.1 Describe whether a substantial proportion of the costs (savings)
or benefits are incurred outside of the NHS and personal social
services, or are associated with significant benefits other than
health.

There are benefits to treating patients with ADA-SCID beyond simple costs or
improved health. ADA-SCID is a fatal disease that takes a toll on the quality of
life of not only the patient but also the patient’s carers and family. There were
no deaths in the Strimvelis clinical programme or in any of the gene therapy
studies identified in the literature search in Section 9, while the expected
survival rate after HSCT from a MUD is 67% and from a haploidentical donor
is 71%. The decision to treat a child with a therapy with a survival rate of 67%
or 71% would be expected to cause the patient’s parents a considerable
amount of anxiety. Patients from the Strimvelis clinical programme have been
able to participate in age-appropriate activities such as school and would be
expected to become functioning adult members of society. Their value to
society should not be undervalued.

14.2 List the costs (or cost savings) to government bodies other than
the NHS.

None applicable

14.3 List the costs borne by patients that are not reimbursed by the
NHS.

Some costs due to travel may not reimbursed by the NHS, but the patients
and carers would likely incur these costs regardless of the treatment selected.
[l There is also the potential for lost income of carers who travel to Milan with
their children and during the immediate follow-up period. It is important to note
that in telephone interviews conducted for GSK research, | some carers
reported that | [Data on file].

14.4 Provide estimates of time spent by family members of providing
care. Describe and justify the valuation methods used.

In an effort to better understand the family impact of ADA-SCID, GSK
conducted research through telephone interviews of carers of patients with
ADA-SCID. Carers reported that | [Data on file].
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14.5 Describe the impact of the technology on strengthening the
evidence base on the clinical effectiveness of the treatment or
disease area. If any research initiatives relating to the treatment or

disease area are planned or ongoing, please provide details.

Strimvelis is, to date, the only ex vivo gene therapy to gain marketing
authorisation from the EMA. It is a one-time treatment with a potential for
lifelong benefits and represents an absolute step-change for the treatment of
patients with ADA-SCID with no suitable HLA matched related stem cell
donor. The impact of Strimvelis has been recognised by the EBMT guidelines
for the treatment of ADA-SCID. The updated EBMT guidelines recommend an
approved gene therapy as the first-line treatment for patients with ADA-SCID
who do not have a matched related donor available [EBMT/ESID Guidelines,
2017]. This positioning demonstrates the high unmet need of patients with
ADA-SCID who do not have a matched related donor and also recognises the
clinical evidence and benefit risk of Strimvelis gene therapy for this specified
population.

The long-term efficacy, tolerability, and safety outcomes will continue to be
monitored and assessed via the Strimvelis Registry Study, a non-
interventional, prospective Post-Authorisation Safety Study (PASS) of patients
with ADA-SCID treated with Strimvelis as described in Section 14.7. This
registry, as well as existing registries from established communities (e.g.,
EBMT and ESID), will provide more information to strengthen the evidence
available for this disease and associated treatments. GSK is exploring
opportunities to integrate long-term follow-up data from Strimvelis with existing
immunodeficiency registries.

The approval of Strimvelis represents the culmination of more than 20 years
of research by HSR-TIGET and a critical strategic collaboration between
HSR-TIGET and GSK to overcome the regulatory challenges for a novel
gene-therapy advanced therapy medicinal product. As Strimvelis is the first
ex-vivo gene therapy to be approved, bringing Strimvelis to the market has
paved the regulatory pathway for future gene therapies.

14.6 Describe the anticipated impact of the technology on innovation in
the UK.

Strimvelis is the first ex-vivo gene therapy approved by the European
Medicines Agency and would be the first ex-vivo gene therapy approved for
use in the UK. Strimvelis is a step-change in the management of ADA-SCID
because it corrects the underlying cause of the disease using the patients’
own cells circumventing the need for a stem cell donor search and the risk of
immune rejection (GvHD). In patients with ADA-SCID with no suitable MRD,
Strimvelis can offer improved survival rates over HSCT, when compared
indirectly. This innovative step-change is reflected in the change in
EBMT/ESID guidelines [EBMT/ESID Guidelines, 2017].
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Advanced therapies form an important part of the UK Life Sciences strategy.
The UK aspires to position itself as a global hub for researching, developing,
manufacturing, and adopting advanced therapies. Today, the UK is
recognized for a leading position in advanced therapies medical research.
However, investors will be most attracted to those countries and health
systems that are also ready to ‘pull’ through these products for early
reimbursement and adopt these innovative therapies for the benefit of
appropriate patients. A NICE approval will signal to investors that cell and
gene therapy products can secure reimbursement in the UK and contribute to
increased investment in innovation in the UK.

In summary, besides being an innovative medicine which will transform the
way ADA-SCID is treated, Strimvelis will contribute to build the environment in
the UK to attract investment and bring future innovation to the UK.

14.7 Describe any plans for the creation of a patient registry (if one
does not currently exist) or the collection of clinical effectiveness
data to evaluate the benefits of the technology over the next 5

years.

The long-term efficacy, tolerability, and safety outcomes will continue to be
monitored and assessed via the Strimvelis Registry Study, a non-
interventional, prospective Post-Authorisation Safety Study (PASS) of patients
with ADA-SCID treated with Strimvelis. The primary objective of this study is
to characterise the long-term safety and effectiveness of Strimvelis over a
15-year post treatment period in up to 50 patients treated. Participation in the
registry is not mandatory since it is considered unethical to obligate any
patient to participate in a registry as a pre-requisite for receipt of a life-saving
treatment. However, participation will be strongly encouraged since long-term
data on Strimvelis are limited and it is in the patient’s own interest to continue
receiving this monitoring in addition to their regular health monitoring. This
registry, as well as existing registries from established communities (e.g.,
EBMT and ESID), will provide more information to strengthen the evidence
available for this disease and associated treatments. GSK is exploring
opportunities to integrate long-term follow-up data from Strimvelis with existing
immunodeficiency registries.

14.8 Describe any plans on how the clinical effectiveness of the

technology will be reviewed.

If the patient agrees to be part of the observational patient registry, the
effectiveness of Strimvelis will be assessed by the survival rate, intervention-
free survival, immune reconstitution (an increase in T lymphocytes [CD3+]),
growth, the percentage of treatment failures, systemic metabolite
detoxification, and vector copy number; paediatric development and quality-of-
life data will also be collected, where assessed. The safety of Strimvelis will

be assessed by AEs and SAEs (including infections), risks related to medical
or surgical procedures, non-immunological manifestations (e.g., hepatic
steatosis, cognitive defects, behavioural abnormalities, hearing impairment),
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immune reactions (e.g., hypersensitivity, autoimmunity), oncogenesis,
laboratory parameters, thyroid stimulating hormone levels, replication
competent recombinant retrovirus testing, and retroviral insertion site analysis,
if performed.

14.9 What level of expertise in the relevant disease area is required to

ensure safe and effective use of the technology?

As treatment will only occur in Italy, expertise in administering gene therapy is
not required. However, specialists may require access to gene therapy-
specific diagnostic tests for long-term monitoring (see Section 8.7).

For all treatments for ADA-SCID, a sophisticated infrastructure is needed to
rapidly diagnose patients with ADA-SCID and refer them to specialists with
expertise in managing the initial presentation and complications of ADA-SCID.

14.10 Would any additional infrastructure be required to ensure the safe
and effective use of the technology and equitable access for all
eligible patients?

No.
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Section F — Managed Access Arrangements (please
see Sections 55-59 of the HST methods guide)

15 Managed Access Arrangement

15.1 Describe the gaps identified in the evidence base, and the level of
engagement with clinical and patient groups to develop the

managed access arrangement (MAA)

Given the low ICERs and budget impact, GSK does not believe that a formal
MAA is required. Moreover, elements often observed in MAAs are already
naturally in place for Strimvelis. Not all patients with ADA-SCID are eligible for
Strimvelis. Strimvelis is only indicated for patients with ADA-SCID without an
MRD; therefore, eligibility is already restricted to those patients that can
benefit the most. In addition, GSK will only expect referrals from 2 specialist
hospitals, which are the major paediatric immune disease centres in England.
This further ensures that Strimvelis will only be given to patients for whom the
treatment is fully appropriate. Data collection to monitor outcomes is already
in place through the Strimvelis registry, and these data can be shared with the
NHS in the form of periodic benefit risk evaluation reports that are mandated
by the EMA as they become available.

Irrespectively of this, Strimvelis is a single-dose treatment with benefits that
are expected to be lifelong offered at a price considerably lower than the
lifetime cost of other chronic and long-term therapies. There is a significant
QALY gain with Strimvelis compared with HSCT from a MUD or haploidentical
donor. The cost-effectiveness estimated for Strimvelis is considerably below
the acceptability threshold even when assuming conservative unsuccessful
engraftment rates for Strimvelis and comparators. Any uncertainty was
extensively explored in sensitivity analyses, and it is clear that the ICER
estimates are extremely robust. In addition, the estimated budget impact is
small for such a considerable benefit in an ultra-rare disease. For all these
reasons, GSK does not believe a formal MAA is required.
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15.2 Describe the specifics of the MAA proposal, including:

Not applicable.

The duration of the arrangement, with a rationale
What evidence will be collected to reduce uncertainty
How this evidence will be collected and analysed

The clinical criteria to identify patients eligible to participate
in the MAA, and criteria for continuing or stopping

treatment during the MAA

Any additional infrastructure requirements to deliver the

MAA (e.g. databases or staffing)

Funding arrangement, including any commercial proposals

or financial risk management plans

The roles and responsibilities of clinical and patient groups
during the MAA

What will happen to patients receiving treatment who are
no longer eligible for treatment if a more restricted or
negative recommendation is issued after the guidance has

been reviewed

15.3 Describe the effect the MAA proposal will have on value for

money; if possible, include the results of economic analyses
based on the MAA

Not applicable.
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