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Pre-meeting briefing
Metreleptin for treating lipodystrophy
[ID861]

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




History of the topic

Following the company submission and ERG report development, the company advised of a change
to its anticipated marketing authorisation

Original anticipated population:
o patients with congenital or acquired generalised lipodystrophy (GL), in adults and children 6 years

of age and above;

o patients with familial or acquired partial lipodystrophy (PL), characterised by leptin level < 12 ng/ml
with triglycerides > 500 mmol/l and/or HbA1c > 8 %, in adults and children 12 years of age and
above uncontrolled on standard therapy

Updated population:

o with confirmed congenital or acquired GL, in adults and children 2 years of age and above

o with specialist-confirmed familial PL or acquired partial lipodystrophy, in adults and children 12
years of age and above for whom standard treatments have failed to achieve adequate metabolic
control

Therefore, there are addendums available with results relating to the updated marketing authorisation

o The clinical results and considerations in the main company submission and ERG report remain
relevant to the updated population, however the results from the economic analyses are
superseded by the results presented in the addendums




Key issues for consideration
Clinical evidence

» Does the committee consider that data for the comparator has been
sufficiently identified?

* The trials include surrogate endpoints. Does the committee consider
these endpoints to be reasonable and sufficiently predictive of long term
effects?

« Clinical or ‘patient-perceived’ outcomes, such as organ damage or
hyperphagia, are important components in the economic model. What is
the committee’s view on the clinical evidence available for these
outcomes?

* No comparative data was available and treatment effect is based on
changes from baseline in single arm metreleptin studies. Whatis the
committee’s view of the relative effectiveness of metreleptin? Does this
vary across the generalised lipodystrophy and partial lipodystrophy
populations?

* |s the evidence base generalisable to clinical practice in the UK?




Key issues for consideration
Cost-effectiveness evidence
* The health state of a patient within the model is determined by a set of attributes.
Does the committee consider that these attributes are comprehensive and
appropriately incorporated?

« A matching exercise was conducted to incorporate data from the NIH follow-up study
(for metreleptin) and the GL/PL natural history study (for the comparator) — the ERG
has significant concerns about the methods used. Does the committee consider that
the company’s approach is sufficiently robust?

» Has mortality been appropriately captured?

+ Company used discrete choice experiment (DCE) to estimate utility values. What is
the committee’s view on the methodology, and the validity of results presented?

* What is a reasonable disutility associated with hyperphagia?

* Does the committee consider it appropriate to consider results based on the
availability of 3 vial sizes — the 2 additional vial sizes are expected to launch within
the 15! 3 months of marketing authorisation?

» What are the most plausible ICERs and QALY gains?

» Population contains children: any additional considerations required?




Disease background
Lipodystrophy (LD)

* Lipodystrophy is a rare, heterogeneous group of syndromes characterised by the
complete or partial loss or absence of subcutaneous adipose tissue

* Without sufficient adipose tissue the hormone leptin can become deficient
o the body’s system for regulating energy use and storage is disrupted
= resulting in lipid accumulationin abnormal sites, such as the liver and muscle
* Often accompanied by severe neuro-endocrine and metabolic abnormalities

including insulin resistance with resultant hyperinsulinemia and diabetes mellitus,
hepatic steatosis or steatohepatitis, dyslipidemia and severe hypertriglyceridemia

» Patients can also experience progressive organ abnormalities in multiple organs,
including the liver, kidneys, pancreas, and heart
o which lead to increased morbidity and mortality, as well as impaired quality of
life
» Additional significant consequences of lipodystrophy that impact on patient
quality of life and well being include hyperphagia, female reproductive disfunction

* It is estimated there are approximately 200 people with lipodystrophy in England
-> a proportion will be eligible for treatment with metreleptin




Clinical forms of lipodystrophy

* Lipodystrophy is generally classified on the basis of the extent or pattern of
fat loss (generalised or partial) and whether the disease is genetic or
acquired

« Generalised (GL), that is affecting the entire body:

o congenital (inherited) generalised lipodystrophy

o acquired generalised lipodystrophy

The severity and burden of lipodystrophy is consistently high among patients
with generalised lipodystrophy

« Partial (PL):

o familial partial (inherited) lipodystrophy (extremely rare)

o acquired partial lipodystrophy

Presentation of partial lipodystrophy is more heterogeneous, with some
patients exhibiting more severe metabolic complications

 Despite progress in identifying the molecular basis of many lipodystrophy
syndromes, it is often diagnosed late in the course of the disease, or
remains undiagnosed

Company submission page 33 — 35

GL is associated with neuro-endocrine and metabolic derangements resulting in a
plethora of severe comorbidities. Soon after birth, patients with CGL (also known as
Berardinelli-Seip syndrome) demonstrate insatiable hunger and accelerated linear
growth rates, but reduced subcutaneous adipose tissue. AGL, also known as Lawrence
syndrome, is more common in females (females:males, 3:1) and appears usually before
adolescence (but may develop at any time in life) with progressive loss of fat affecting
the whole body including palms and soles .

The various forms of FPL are extremely rare. Numerous genetic mutations have been
identified for FPL including the LMNA gene in familial PL type 2 (FPLD2). The most
prevalent form of FPL is FPLD2, also known as the Dunnigan-Variety. FPLD2 develops
during puberty, resulting in gradual atrophy of subcutaneous fat in the extremities
followed by fat loss in the anterior abdomen and chest, giving the appearance of
increased muscularity. APL, also known as Barraquer-Simons syndrome, typically has a
childhood or adolescent onset. APL is distinguishable from other LD syndromes by the
unique cephalocaudal progression of subcutaneous fat loss that is observed



CONFIDENTIAL

Current treatment options
No standard clinical pathway

» There is no standard clinical pathway and no licensed treatments
available

» The disease is currently managed with lifestyle modifications: such as a
low fat diet and exercise; cosmetic surgery; and medications to manage
the metabolic disturbance associated with leptin deficiency, including lipid
lowering drugs (fibrates and statins) and medications for diabetes
(metformin, insulin, sulphonylureas, and thiazolidinediones)

» Treatment with metreleptin is currently provided, as part of an early
access programme (EAP), under the National Severe Insulin Resistance
Service at Addenbrooke’s Hospital, Cambridge University Hospitals NHS
Foundation Trust

o [} patients receiving metreleptin (| G
I

« Itis assumed that ] new patients each year would be eligible for
metreleptin treatment




Metreleptin (Myalepta)
Aegerion
LY 1(ET-EVCL I ‘Indicated as an adjunctto diet as a replacement therapy to treat the
indication complications of leptin deficiency in lipodystrophy patients:

wording « with confirmed congenital or acquired generalised lipodystrophy, in
adults and children 2 years of age and above

+ with specialist-confirmed familial partial lipodystrophy or acquired
partial lipodystrophy, in adults and children 12 years of age and above
for whom standard treatments have failed to achieve adequate
metabolic control’

[ EWGELTET I Metreleptin is an analogue of the human hormone leptin, which is

of action secreted into the circulation from adipocytes.

Admin & The recommended daily dose of metreleptin is based on body weight,
dose with a starting daily dose of:

+ Males and females =40 kg: 0.06 mg/kg (injection volume: 0.012
mi/kg)

+ Males >40 kg: 2.5 mg (0.5 ml), Females >40 kg: 5 mg (1 ml)
List price List price: £2,335 per vial 11.3mg (10mg dose)*
Simple discount patient access scheme (PAS) approved

*2.5mg and 5mg doses will be available within 3 months of metreleptin launch




Decision problem
Final scope Deviations

Population People with generalised or partial As per marketing authorisation
lipodystrophy

Intervention Metreleptin -

Comparator Established clinical management without No data for comparators included in

metreleptin (including diet and lifestyle the clinical effectiveness analysis; ERG
modifications, lipid lowering drugs and stated there were no systematic
medications for diabetes) attempts to identify comparator studies
and no selection criteria for reported
Outcomes * Improvement in metabolic No data provided on liver cirrhosis,
abnormalities complications of diabetes, organ
« Liver function damage or effects on appearance
* Glucose control and diabetes satiety
+ Pancreatitis Mortality and pancreatitis only reported
+ Use of other drugs re. adverse effects of treatment
* Organ damage including heart and
kidneys Company also included ability to
+  Growth and development perform school or work; improvement
* Reproductive dysfunction in other metabolic abnormalities; direct
* Infection mortality benefit of treatment, anxiety
+ Mortality /depression; chronic pain, muscle
+ Adverse effects of treatment spasms; family and caregivers ability to
+ HRAQL (for patients and carers; work

including effects on appearance)

The ERG highlighted that studies assessing the clinical effectiveness list only metabolic
and adverse events outcome measures. All other outcomes data appear to be derived
from publications of outcome data collected ad hoc by study investigators.

Comparators: Company FAC response: No data for the comparator were included in the
clinical effectiveness section of the CS, however they were provided in the cost-
effectiveness section and in response to clarification questions (not a factual error)



Interviews with LD patients conducted at the
NIH in the US on behalf of Aegerion (1/2)

« Leptin deficiency observed in patients with LD may resultin a significant
reduction in the ability to regulate hunger and energy metabolism

» Hyperphagia, characterised by the ever-present pursuit of food, is an
overwhelming burden for patients

+ Patients are highly constrained by food access issues, impacting on
many aspects of their daily lives including attending school, work and
social situations

+ Patients also suffer from mood and sleeping problems

» The extreme level of food seeking additionally creates stress on
families/carers

« Carers may need to provide 24/7 supervision, especially as patients may
also consume inappropriate or non-food items

* Hyperphagia can lead to disruptive activity in young children, which can
be socially isolating for their carers

Interviews with patients with LD conducted at the NIH in the US on behalf of Aegerion
demonstrates the negative impact of LD (company submission Section 7)



Interviews with LD patients conducted at the
NIH in the US on behalf of Aegerion (2/2)

* Female patients with LD can suffer reproductive dysfunction

+ Adverse impact including polycystic ovary syndrome (PCOS), infertility and
miscarriage are well documented

o Can lead to significant deterioration in quality of life and be highly stressful;

negatively affects psychological well-being, interpersonal functioning and
sexuality

+ Following miscarriage, women can experience post-traumatic stress, anxiety and
depression
o Experience of pregnancy loss and infertility can also have a considerable
impact on partners

+ Patients with LD can experience anxiety and depression due to the clinical
burden of the disease including impaired physical appearance

« Other symptoms such as fatigue and frequent infection/iliness, in addition to
hyperphagia and anxiety/depression, can lead to impaired or complete inability to
work or attend school, as well as to social isolation 1

Interviews with patients with LD conducted at the NIH in the US on behalf of Aegerion
demonstrates the negative impact of LD (company submission Section 7)



Patient expert comments
Patient experts (1/2)

« Day-to-day life can be very difficult > dealing with the constant hunger
o ‘I could eat a three-course meal and still be as hungry as if | hadn’t eaten at
all. I never felt satisfied

» Patients are highly constrained by food access issues, impacting on many
aspects of their daily lives including attending school, work and social situations

« ‘Self confidence in relationships are very much affected plus on-going fatigue and
pain, which is largely unexplored by the medics’

+ '...the comments about my appearance over the years have affected my
confidence in my appearance to the point where | always cover up i.e. long
sleeves, trousers only and no skKirts/dresses or shorts’

+ Medical professionals sometimes overlook/misdiagnose the condition
o ‘Most patients in this community wait on average 7 years for a correct

diagnosis, often with several misdiagnoses along the way’

* There are worries about risk of suffering or passing the gene to family

12



Patient expert comments
Patient experts (2/2)

+ Fatigue has a tremendous impact on the daily life
o ‘It makes it very difficult for me to do my job’

« Expenses related to LD

+ ‘| also experience a lot of pain related to my increased muscle mass and because |
cannot have help on the NHS, I've had to source a private physio for monthly
sessions to ease the tension and make the pain bearable’

+ Metreleptin is the only treatment in LD - positive impact of treatment on metabolic
profile, satiety levels, everyday life
o ‘Commencement of leptin treatment has made a big difference to my wellbeing’

o ‘With earlier diagnosis and treatment with Leptin | would still be working and would
have the quality of life | had before.’

» Access to treatment might be limited for some people depending on their geographic
location

o ‘Financial impacts are travel to Addenbrooke’s and self-funding some injection
equipment not available on prescription’

13



Clinical expert and professional organisation
comments (1/2)

» Metreleptin aims to improve metabolic status and reduce long term
morbidity and premature mortality in patients with lipodystrophy

* It represents a single agent solution to many of the disease manifestations
and there are no current similar alternatives to this solution

» Treatment is already available for patients with lipodystrophy attending the
specialist service at Addenbrooke’s Hospital

o Patients have been treated for several years - there would be a negative
impact on these patients if metreleptin therapy was no longer available

» Pathway followed at the Addenbrooke’s Hospital is well defined for
patients referred to the service

o Some patients are seen in adult and paediatric Diabetes and
Endocrinology centres elsewhere in the UK, where the pathway is
variable depending on the centre

» The patients/carers need to be educated on how to administer leptin and
then need 6-12 monthly follow up appointments

14



Clinical expert and professional organisation
comments (2/2)

» Clinically meaningful endpoints difficult to demonstrate with metreleptin
treatment in limited trial duration

o Although surrogate endpoints demonstrated in trials (HbA1c, lipid
levels, liver function tests) are reasonable

oReduction in HbA1c has been shown to predict an improvement in long
term macrovascular and microvascular outcomes in patients with
diabetes; reduction in fasting triglycerides will predict a reduction in
episodes of pancreatitis

= Improvements in these endpoints would be expected to predict
clinically important long-term impacts on future health

» Long-term safety data is not generally available for metreleptin, although
some patients have been taking this medication for up to 14 years or more

» Generalised lipodystrophy responds very well to metreleptin treatment,
there is a variation in response in partial lipodystrophy

15



NHSE comments

» Metreleptin is only initiated at one expert centre for a small number of
patients who have generalised or partial lipodystrophy

* No investment is required to introduce the technology

» The Severe Insulin Resistance service has reported that metreleptin
reliably abolishes acute pancreatitis in patients with partial lipodystrophy

16



Completed and ongoing clinical trials
Clinical effectiveness - Source

Description Aim of study

Clinical | NIH 991265/20010769* | Integrated dataset to evaluate safety and efficacy
trials (pivotal, 1 patient from UK): of metreleptin in children and adults

| |

 FHA101” (supportive, . Provide metreleptin under a treatment protocol to
| expanded access study in | patients with LD associated with diabetes meliitus
\thevusy . and/or hypertriglyceridaemia, and to evaluate the
Pivotal evidence relevant long-term safety and efficacy

to the decision problem

Ongoing 1 NIH Follow-up study
observat ; (Parameters for the
ional . metreleptin arm)

studies G| /pL Natural History

Evaluate disease status prior to metreleptin
initiation and outcomes following therapy

Describe characteristics of patients, survival, and
study (Parameters for the assess association of disease severity with
, standard of care arm) survival, the extent to which patients experience
bomm - el ' burden associated with GL/PL
Used in economic model
EAP — results expected in  In the UK, treatment with metreleptin is currently
Q1/Q2 2018 includes some provided, as part of an early access programme
UK patients, has been (EAP), under the National Severe Insulin
running for 10 years Resistance Service at Addenbrooke’s Hospital

The results for the NIH follow-up study and the GL/PL natural history study, which were
used to inform cost effectiveness modelling, were not included in the clinical
effectiveness section of the company submission. The ERG has presented these results
wherever possible.

Metreleptin is available in other parts of the world (e.g. countries in Europe) through an
Early Access Programme (EAP), including in England. However, as part of the EAP,
treatment with metreleptin in England is currently provided by a single centre at
Addenbrooke’s Hospital which is part of Cambridge University Hospitals (CUH) National
Health Service (NHS) Foundation Trust, where there is a service specification
(AO3/S(HSS)/b) in place

17



Main clinical trial evidence

NIH 991265/20010769 FHA101
Pivotal, open-label, single Open-label, single arm,
arm expanded-access trial

Continuous enrolment over

14 years (2000-2014). Continuous enrolment over 6

years (2008-2014):

Primary endpoint evaluated at
12 months; longer-term efficacy
data presented at 36 months

NIH 991265: 8 months

Duration of
study

NIH 20010769: Primary
endpoint evaluated at 12
months; longer-term efficacy
data presented at 36 months

Patients with GL (aged 1-68) Patients with GL* (aged 9-67)
or PL (aged 10-64) or PL (aged 23-67)

GL=66, PL=41 (1 patient from
UK)

Actual change from baseline in HbA1c at Month 12

LGN Percent change from baseline in fasting serum triglycerides at
Month 12

HbA1c- Glycated haemoglobin; * associated with diabetes mellitus and/or hypertriglyceridaemia

Population

Population (n) GL=9, PL=32

Additional information can be found in ERG report Section 4 and in company submission
Section 4

Simha, et al. 2012 - met the pre-specified inclusion criteria but was excluded from the
CS

Both studies report data for surrogate outcomes. The ERG stated that clinical or ‘patient-
perceived’ outcomes, such as organ damage or hyperphagia, are more relevant than
biochemical markers of ‘surrogate outcome measures’, such as triglyceride levels or
HbA,.. The ERG stated that improvements in these measures are not, in themselves,
evidence of a treatment effects on long-term health outcomes.

The NIH follow up study additionally included outcomes such as hyperphagia, organ
abnormalities, physical appearance, ability to perform work/school, mortality

18



Differences in baseline characteristics in main clinical trials
Higher proportion of GL patients in NIH study, in FHA study baseline
metabolic measures are not as elevated as those in the NIH study
NIH 991265/20010769 FHA101

Characteristic GL(N=66) |PL(N=41) GL (N=19) PL (N = 32)

Acquired LD 21(31.8) 6 (14.6) 6 (66.7) 3(9.4)

Congenital/Familial 45 (68.2) 35 (85.4) 2(22.2) 29 (90.6)

LD

Fasting leptin, ng/ml, | 1.0 (0.2,5.3) | 5.9 (1.0, 16.9) NA NA

median (range)

HbA1c, % Median 8.7 (4.5, 7.8(4.6,13.3) |84 (5.1,10.2) 8.0 (5.6,

(range) 13.7) 12.8)

Fasting triglycerides, | 14.5(25.29) @ 12.0(22.85) | 3.3(1.5,120) | 3.2(0.7,

mmol/L Median 50.4)

(range)

ALT, >ULN, n (%) 49 (74.2) 14 (34.1) 5 (55.6) 23 (71.9)

AST, >ULN, n (%) 36 (54.5) 10 (24.4) 4 (44.4) 9 (28.1)
Premature discontinuationin NIH study: 23/66 (34.8%) of GL patients, 15/41 (36.6%) of
PL patients; in FHA study: 4/9 (44.4%) of GL patients; 20/32 (62.5%) of PL patients
Key: NA — not available/applicable, ALT - Alanine aminotransferase, AST - Aspartate aminotransferase, ULN - Upper limit of normal

The NIH991265/ 20010769 study included a much higher proportion of participants with
GL, 66/107 (62%) than the FH101 study, 9/41 (22%). In study NIH 991265/20010769 the
median age of the GL group was 15 years with 68% of patients <18 years of age;
patients in the PL subgroup were older (median age 38 years) than those in the GL
group, with 84% =18 years of age. In study FHA101 most patients in both groups were
=18 years of age at the time of enrolment. In general, the baseline metabolic measures
for patients in study FHA101 were not as elevated as those for patients in study NIH
991265/20010769.

CS pages 87 and 88: The most common reason for discontinuation in the NIH study was
patient noncompliance (5 GL patients, 8% and 6 PL subgroup patients, 19%), also
people who had been transferred to other programs (8 in the GL population, 2 people in
the PL population). In the FHA101 study, the most common reason for discontinuation
was withdrawal by patient (1 patient (11.1%) in the GL population, 9 patient (28.1%) in
the PL population).
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Baseline characteristics in the GL/PL natural history study — used to
inform standard of care arm in economic model
Participants had generally lower levels of HbA1c and triglycerides than participants
in the main clinical trials
Characteristic GL (N = 56) PL (N =122) All* (N=178)
LD type, n (%)
Acquired 5(8.9) 26 (21.3) 31(17.4)
Congenital/Familial 49 (87.5) 96 (78.7) 145 (81.5)
Fasting leptin mean (SD) 1.2 (0) 8.8 (7.7) 8.3(7.7)
HbA1c mean (SD) 8.1(3.4) 7.4 (2.0) 7.5(2.2)
Fasting plasma glucose mean 150.0 (116.6) 163.7 (71.5) 160.0 (84.6)
(SD)
Fasting triglycerides mean 5.4 (3.7) 5.1 (6.9) 5.1 (6.3)
(SD)
ALT, >ULN, n (%) 5(31.3) 13 (26.5) 18 (27.7)
AST, >ULN, n (%) 3(18.8) 5(10.6) 8 (12.7)
Liver damage 15 (26.8) 27 (22.1) 42 (23.6)
Kidney damage 4(7.1) 14 (11.5) 18 (10.1)
Heart damage 8 (14.3) 10 (8.2) 18 (10.1)
Pancreatitis 2 (3.6) 8 (6.6) 10 (5.6)
*50% of Turkish ethnicity, no patient from UK; ERG comment: study did not report any information about
changesin markers of glycaemic control or lipid metabolism over time

The CS does not include a description of the methods or baseline participant
characteristics of the ‘GL/PL natural history study’, which was used to provide
comparator data for the cost effectiveness modelling. A summary of the study protocol
and baseline participant characteristics were provided in the company’s response to
clarification questions. ERG reproduced them (can be seen in ERG report Table 8 and 9)
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Differences in baseline characteristics of the population in the
clinical trials used to inform the economic model

NIH Follow-up study population, including the 107 participants in the NIH
991265/20010769 study

Characteristic All patients GL patients PL patients
N=112 N=68 N=44

Impaired physical 86 (77%) 56 (82%) 30 (68%)

appearance

Disruption to 45 (80%) 21 (78%) 24 (83%)

female reproductive

system

Heart abnormality 50 (45%) 36 (53%) 14 (32%)

Hyperphagia 88 (79%) 57 (84%) 31 (70%)

Kidney abnormality 71 (63%) 46 (68%) 25 (57%)

Liver abnormality 105 (94%) 63 (93%) 42 (95%)

Pancreatitis 44 (39%) 21 (31%) 23 (52%)

* Proportion of patients with liver, kidney or heart damage at baseline, or with a
history of pancreatitis was generally higher than in the GL/PL study

ERG comment: matching exercise (relevant to the cost effectiveness model) does not
indicate that either ethnicity or baseline metabolic measures were considered when matching
participants from the NIH Follow-up study to participants from the GL/PL natural history study

The matching exercise outlined in section 17.6.2, Appendix 6, pages 270-271 of the CS,
does not indicate that either ethnicity or baseline metabolic measures were considered
when matching participants from the NIH follow-up study to participants from the GL/PL
natural history study. Definitions of organ damage differed between the NIH follow-up
study and the GL/PL natural history study, and the proportion of patients with liver,
kidney or heart damage at baseline, or with a history of pancreatitis was generally lower
in the GL/PL natural history study than in the NIH follow-up study. This may be because
the metreleptin intervention study included patients who were at a later stage of LD than
the GL/PL natural history study, where the baseline period is defined as the time before
first GL/PL diagnosis
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NIH 991265/20010769 study results
Statistically significant improvement in reduction of HbA1c and triglyceride
levels observed at 12 months (vs. baseline)
GL PL
N =62 N = 39*
Baseline value (Mean, SD) 8.6 (2.33) 8.0(2.18)
Month 12 value, LOCF (Mean, SD) 6.4 (1.68) 7.5 (1.84)
Effect size: actual change from baseline -2.2 (2.15) -0.6 (1.22)
(Mean, SD)
95% Confidence Interval -2.7,-1.6 -1.0,-0.2
Statistical test P values computed using paired t-tests
<0.001 0.005
Change from baseline in triglycerides (mmol/L), full analysis set
GL PL overall
N =62 N = 39*
Baseline value (Mean, SD) 14.7 (25.66) 12.5(23.35)
Month 12 value, LOCF (Mean, SD) 4.5(6.10) 5.4 (7.37)
Effect size: percent change from baseline -32.1(71.28) -20.8 (47.93)
(Mean, SD)
95% Confidence Interval -51.0, -13.2 -51.0,-13.2
Statistical test P values computed using paired t-tests
0.001 0.013
*excluding results for a patient who had an outlier value — terminated from treatment Ssource: Table c22 Company submission <

ERG comment: Simha et al. 2012, which assessed the effects of leptin therapy in 24
female patients with Dunnigan variety FPL and moderate or severe hypoleptinemia and
found no significant change from baseline to six months in fasting glucose, insulin,
glucose tolerance, or HbA1c levels (page 45 ERG report)
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Persistence of metreleptin treatment effects

Least-squares mean change in HbA1c (%) at baseline and months 4, 8,
12, 24 and 36 in NIH 991265/20010769 study

Generalised Lipodystrophy
100 ;
90 1
-2.3%
“1 21% _4 59, + Company
"1 From baseline to Month 36,
741 statistically significant
U 5ol reductions measured by mixed
g, model repeated measures
(MMRM)
* « GL population: -1.4%
w7 (p<0.001)
104
) Source: Figure C19 Company submission
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ERG comment: Data for the overall PL population (not included in the CS) indicated
persistence of the metreleptin effecton HbA1c over time

LS mean (SEM) percentage change values were as follows: month 12 =-1.2 (0.48),p =
0.014; month 24 =-1.9 (0.94), p = 0.044; month 36 = -2.0 (1.00), p = 0.049 N
Overall MMRM = -0.8 (0.26), p=0.002

PL population, overall MMRM: At month 24 data were only available for 8 participants
and at month 36 data were only available for 7 participants

Additional data were presented in the CS (pages 96-97) to support the persistence of
these effects to 36 months.



Persistence of metreleptin treatment effects
Least-squares mean change in triglycerides (mmol/L; excluding outlier
patient) at baseline and months 4, 8, 12, 24 and 36 in NIH

991265/20010769 study
Generalised Lipodystrophy
M0+
200 +
Company
o *« From baseline to Month 36,
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§" MMRM
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) -22.6% (p<0.001)
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- Source: Figure C19 Company submission
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ERG comment: Data for the PL populatlon (not included in the submission) indicated no
statistically significant change in triglyceride levels over time

LS mean (SEM) percentage change values were as follows: month 12 = -16.7 (8.62),
p = 0.054; month 24 =-9.4 (16.41), p = 0.566; month 36 =4.4 (17.53), p =0.801;
Overall MMRM = -8.3 (5.46), p=0.131

Additional data were presented in the CS (pages 96-97) to support the persistence of
these effects to 36 months



Subgroup analysis: Glycaemic control and lipid metabolism results from
NIH 991265/20010769 study
Greater mean decreases from baseline to Month 12 amongst patients who had
higher baseline percentage HbA1c and triglyceride levels
GL population
HbA, . Triglycerides
Mean (SD) actual A to Month  Mean (SD) percent A to Month
12 12
Baseline HbA,. (%):
<6.5 -0.1 (0.35) -4.1 (55.58)
26.5 -2.8 (2.08) -41.2 (73.97)
27 -2.8 (2.08) -41.2 (73.97)
28 -3.0 (2.13) -38.6 (78.36)
Baseline triglycerides (mmol/L):
<2.26 -1.6 (1.71) 6.7 (44.20)
22.26 -2.3 (2.28) -42.5 (73.87)
25.65 -3.3 (2.56) -72.0 (25.09)
LD type
Congenital/ Familial -1.8 (1.92) -22.2 (80.54)
Acquired -2.9 (2.47) -53.5 (39.09)
Abbreviations: A, change; GL, generalised lipodystrophy; HbA., glycated haemoglobin; PL, partial lipodystrophy; SD, standard deviation;
e Source: Table C23 Company submission
No equivalent analyses are available for the PL population

Company submission: Analyses for the evaluation of efficacy were conducted on pre-
specified patient subgroups based on a number of factors, including baseline metabolic
abnormalities, age, LD subtype, and region. A summary of the key findings from the
subgroup analyses are shown in Table C23



Clinical results of FHA101 study
Improvement in reduction of HbA1c and triglyceride levels observed at 12
months (vs. baseline)
Changefrom baselinein HbA1c (%)
GL PL
N=9 N =29
Baseline value (Mean, SD) 7.7(1.99) 8.1(1.77)
Month 12 value, LOCF (Mean, SD) 6.2(1.96) 7.8(1.76)
Effect size: actual change from baseline -1.2(2.53) -0.4(1.49)
(Mean, SD)
95% Confidence Interval -4.3,2.0 -1.0,0.2
Statistical test P values computed using paired t-tests
0.360 0.210
Changefrom baselinein triglycerides (mmol/L)
GL PL overall
N=9 N =29
Baseline value (Mean, SD) 19.9(40.90) 8.5(12.37)
Month 12 value, LOCF (Mean, SD) 7.6(11.10) 6.4(10.06)
Effect size: percent change from baseline -26.9(78.32) 8.7 (93.39)
(Mean, SD)
95% Confidence Interval -124.1,70.4 -29.1,46.4
Statistical test P values computed using paired t-tests
0.486 0.640
Source: Table C24 Company submission
ERG comment: reported decreases were not statistically significant

The smaller, single arm metreleptin treatment study, FH101, reported decreases in
percentage HbA1c and triglyceride levels, from baseline to month 12 of treatment, in all
patient groups. However, these decreases were not statistically significant. Full results
for markers of glycaemic control and lipid metabolism are provided in Table 14 (ERG
report), reproduced from the CS (CS, Table C24, pages 103-105).
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Clinical results
Other relevant outcomes (1/3)

Effect of metreleptin on hepatic enzymes

* NIH 991265 - changes in ALT and AST, from baseline to month 12 of treatment
o Forthe GL population the mean changes were -53.1 and -23.8 respectively
o Forthe PL population the mean changes were -0.4 and -5.1 respectively
+ ERG comment: median (range) values show a wide range = are not clearly
supportive of a treatment effect
o The median (range) change in AST from baseline to 12 months of treatment was -
331.0to 734.0 for GL patients, and -65.0 to 54.0 for all PL patients

» Effect of metreleptin on hyperphagia

* NIH 991265/20010769: metreleptin treatment of 14 patients (12 with GL and 2 with PL)
dramatically decreased food intake at 4 months from 3,170 kcal/day to 1,739 kcal/day

+ ERG comment: study also reported mean food intake at 12 months (n=6) and these
data indicated a subsequent increase in food intake to 2,015 (410) kcal/day - not
significantly different from baseline

Key: ALT: Alanine aminotransferase AST: Aspartate aminotransferase

Additional information can be found in ERG report: page 80 - 92
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Clinical results
Other relevant outcomes (2/3)

Effect of metreleptin on liver volume

* NIH 991265: Liver volume of 21 patients with GL and 8 patients with PL assessed at
baseline - 20 and 6 patients had hepatomegaly (liver volume >2000 mL),
respectively
o Reductions in liver volume observed in 15 (71%) of the 21 patients with GL and an

additional 4 patients had reductions on or after Month 12
= Reductions in liver volume for these 19 patients ranged from 7% to 71%, with
most patients (12 of 19) having reductions of 230%
o Among 8 patients in the PL population, 4 (50%) patients had reductions and an
additional patient had reductions at all assessments on or after Month 12.
* Reductions in liver volume for these 5 patients ranged from 8% to 51%

+ ERG comment: The median (range) of observed change in liver volume (mL) from
baseline to month 12 of treatment was -34.8 (-53.9 to -10.0) for GL patients (n=12),
and -16.7 (-21.2to 4.4) for PL patients (n=8)

Additional information can be found in ERG report: page 80 - 92
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Clinical results
Other relevant outcomes (3/3)

Effect of metreleptin on concomitant medication use

* NIH 991265/20010769 - 16 (41%) of 39 patients with GL on insulin at baseline discontinued use
after starting metreleptin; 7 (22%) of 32 patients on oral antidiabetic medications at baseline
discontinued use of these drugs; among 34 patients who received lipid-lowering therapies at
baseline, 8 (24%) discontinued these medications

+ ERG comment: the CS also states that: ‘Many of these patients could discontinue the use of
these therapies within the first 12 months of metreleptin treatment’ - no times to
discontinuation are reported

o No results from NIH Follow-up study reported, which shows that 41/64 (64.1%) of GL and
15/44 (34.1%) of PL patients discontinued antidiabetic medications. Most discontinuations
were for bolus insulin or metformin, only 2 GL patients discontinued basal insulin or

insulin + metformin

Effect of metreleptin on growth and development

« Among 7 GL patients in the NIH 991265/20010769 study, 4 patients had delayed puberty prior to
metreleptin and 3 had precocious puberty; after follow-up 2 patients had normal development on
metreleptin and 1 patient continued to have delayed puberty

Additional information can be found in ERG report: page 80 — 92

Effect on growth and development: Among the 14 patients without baseline data
reported who were not prepubertal (normal for age), 13 patients reported normal
pubertal onset and/or progression on metreleptin at a post-baseline assessment and 1
patient had delayed onset reported
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Clinical results
Additional ERG comments (1/2)

« The clinical effectiveness section of the company submission did not report results of the effects of
metreleptintreatment on reproductive dysfunction; pancreatitis; development or progression of
heartor kidney damage; measures of health-related quality of life; mortality

The ERG commented on the above outcomes and provided limited results, based on the available evidence

» Reproductive dysfunction;
o ERG comment: NIH follow-up study: 21/27 (78%) of relevant female GL patients and 24/29 (83%) of

relevant female PL patients experiencing reproductive dysfunction at baseline = 12 and 8 patients,

respectively experienced improvements (no definition forimprovement provided)

» Pancreatitis - pancreatitis is only reported as an adverse event occurring subsequentto metreleptin
withdrawal
o ERG comment: NIH follow-up study: 95% of effected GL patients and all effected PL patients
experiencedimprovements in pancreatitis on metreleptin treatment € - GL/PL natural history study: over
the whole observation period 7/56 of GL patients and 20/122 of PL patients experienced atleast one
episode of pancreatitis

o 5/7(71.4%)effected GL patients and 12/20 (60.0%) of effected PL patients experienced pancreatitis

during the follow-up period

Additional information can be found in ERG report: page 80 - 92
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Clinical results
Additional ERG comments (2/2)

» Development or progression of heart or kKidney damage

NIH follow-up study: 11/36 (31%) of GL patients and 1/14 (7%) of PL patients were classified as having
experiencedan improvementin their heart abnormality over 1 year of metreleptin treatment

o ERG comment: 1 year changes in blood pressure alone are unlikely to provide an adequate indicator of

long term clinical improvement
o 0Of 32 GL patients who had no evidence of heart abnormalities before metreleptin treatment, 9 (28%) had
emergent heart abnormalities after metreleptin initiation (6/30(20%) of PL patients)
» Measures of health-related quality of life including effects on appearance and activities of daily living
» ERG comment: NIH follow-up study: at baseline, 56/68 (82%) of GL patients and 30/44 (68%) of PL patients
were classified as having impaired physical appearance

» 38 (68%) ofthe 56 effected GL patients and 14 (47%) of the 30 effected PL patients were reported as

having post-metreleptinimprovement

o Patients experienced improvements in their ability to perform work or school work with metreleptin

» Mortality - No survival data are presentedin the clinical effectiveness section of the CS

o In costeffectiveness analyses data taken from GL/PL natural history and NIH Follow-up study

+ ERG reproduced the mortality tables from both studies

Additional information can be found in ERG report: page 80 — 92

- Improvement in heart abnormality (criteria): normal (systolic <120 and diastolic <100) at
one year and had no additional emergent heart conditions during that year

- Measures of health-related quality of life including effects on appearance and activities
of daily living: no definition of the criteria used to determine improvement was
provided

- Mortality tables can be found in ERG report: Tables 17 and 18
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Adverse events

+ NIH 991265/20010769 study
o In the GL population approximately 89% of people experienced a treatment-emergent
adverse events (TEAE); 44% experienced severe TEAE and 8% of patients discontinued
treatment due to a TEAE

o In the PL overall population approximately 85% of people experienced a TEAE; 39%
experienced severe TEAE and 2% of patients discontinued treatment due to a TEAE

o The most common TEAEs were weight loss, hypoglycaemia, fatigue abdominal pain,
nausea, hypoglycaemia, fatigue, alopecia and constipation

+ FHA101 study

o In the GL population approximately 78% experienced a TEAE; 67% experienced severe
TEAE and 11% of patients discontinued treatment due to a TEAE

o In the PL population approximately 84% experienced a TEAE; 28% experienced severe
TEAE and 9% of patients discontinued treatment due to a TEAE

o The most common TEAEs were hypoglycaemia, upper respiratory tract infection, urinary
tractinfection, nausea, anxiety, and sinusitis
+ 4 deaths were reported in the NIH study and 2 deaths were reported in the FHA study

+ 6 patients experienced (4 patients with GL and 2 patients with PL) treatment emergent
pancreatitis across studies (1 patient died, 5 recovered)

+ Injection site reactions were reported in 3.5% of patients across studies with metreleptin
o All events have been mild or moderate in severity, none led to treatment discontinuation
ERG comment: the safety over lifetime treatment is unknown

Further information can be found in CS: Section 9.7 and ERG report: Section 4.2.4

Page 111 CS: In general, when considering the difference in sample size, the types and
incidence for commonly reported TEAESs in study FHA101 were similar to those reported
in the pivotal study NIH 991265/20010769. Among the 9 patients with GL in Study
FHA101, the most commonly reported TEAES, all reported in 2 patients (22%), were
hypoglycaemia, upper respiratory tract infection, abdominal pain, increased liver function
tests, and ear infection.(10) For the 7 patients in the PL subgroup, the most commonly
reported TEAEs were hypoglycaemia, upper respiratory tract infection, and urinary tract
infection (each 3 patients, 43%), and nausea, anxiety, and sinusitis (each 2 patients,
29%). The only drug-related TEAE reported in more than 1 GL patient was
hypoglycaemia (2 patients, 22%). In the PL subgroup, the only drug-related TEAEs
reported in more than 1 patient were hypoglycaemia and nausea (each 2 patients, 29%)

Page 113 CS: Section 9.7.2.4 - data were pooled across studies and LD type in order to
provide an overall summary of all adverse drug reactions reported in patients with GL
(n=75) and patients in the PL subgroup (n=38) who were treated in the two LD studies
NIH 991265/20010769 and FHA101. The only events reported in >10% of these 113
patients were weight decreased (15%) and hypoglycaemia (13%); fatigue was reported
in 7% of patients and injection site reaction, neutralising antibodies, decreased appetite,
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nausea, and alopecia were each reported in 4% of patients with all other
adverse drug reactions reported in 1 (<1%) or 2 (2%) of the 113 patients.

Page 116 CS: Three cases of T cell ymphoma have been reported while
taking metreleptin in clinical studies. All three patients had acquired GL.
Two of these patients were diagnosed with peripheral T cell ymphoma while
receiving the medicinal product. A separate case of anaplastic large cell
lymphoma was reported in a paediatric patient receiving the medicinal
product who did not have haematological abnormalities before treatment

Page 92 ERG report: CS concludes that the known side effects of
metreleptin can be managed as part of the normal clinical practice for
patients with this complex condition. The ERG notes that the CS does not
report the safety concerns as highlighted in the Centre for Drug Evaluation
and Research Report (not included in the CS) nor the associated risk
evaluation management strategy (REMS). The summary of safety in this
report states: ‘The principal safety concerns with metreleptin are T-cell
lymphoma and anti-metreleptin antibodies with neutralizing activity. These
concerns are of sufficient magnitude to require REMS. Other safety findings
that warrant inclusion in the Warning and Precautions section of the
metreleptin labelling include hypoglycemia, autoimmunity, and
hypersensitivity.’
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ERG comments summary (1/2)

Issue Critique

Search » Did not include any search term for comparators, only studies for
strategy the intervention retrieved, natural history studies may have also
been missed

Excluded Appropriate studies excluded from search (e.g. Simha et al,
studies study with female patients with PL)

Generalisability Very limited patient numbers from the UK (NIH study: 1 patient,
FHA study: none; EAP: some patients — results expected in

Q1/Q2 2018)
Evidence » Lack of any comparative studies

+ Estimates of treatment effects are based on changes from
baseline in single arm metreleptin treatment studies

* No attempt to draw indirect comparisons through studies of the
effects of established clinical management

+ Natural history study, used to provide comparator data for the
cost effectiveness analysis, is not discussed in the clinical
effectiveness analysis and has a population which is not
comparable to metreleptin intervention studies

Simha, et al. 2012 - met the pre-specified inclusion criteria but was excluded from the
CS

ERG comment: Simha et al. 2012,50 which assessed the effects of leptin therapy in 24
female patients with Dunnigan variety FPL and moderate or severe hypoleptinemia and
found no significant change from baseline to six months in fasting glucose, insulin,
glucose tolerance, or HbA1c levels (page 45 ERG report)
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Issue Critique

Evidence

ERG comments summary (2/2)

Clinical effectiveness analysis focuses primarily on changesin
surrogate outcome measures (e.g. HbA1c, triglycerides, hepatic
enzymes)

Very little information about any effects of treatment on patient-
perceived symptoms and clinical outcomes (e.g. hyperphagia,
organ damage -> plays crucial part in cost-effectiveness model)

No data are provided on liver cirrhosis, complications of
diabetes, organ damage or effects on appearance

Mortality and pancreatitis are only reported where these are
considered to be adverse effects of treatment or, in the case of
pancreatitis, discontinuation of treatment

Further data available from a Follow-up study (NIH Follow-up),
which was used in cost effectiveness modelling, but was not
reported in the clinical effectiveness analysis. ‘Post-metreleptin
improvements’ reported in the Follow-up study are frequently
based on measures taken at one year and use definitions
based on changes in surrogate outcome measures
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Cost-effectiveness section
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Key issues for consideration
Cost-effectiveness evidence
* The health state of a patient within the model is determined by a set of attributes.
Does the committee consider that these attributes are comprehensive and
appropriately incorporated?

« A matching exercise was conducted to incorporate data from the NIH follow-up study
(for metreleptin) and the GL/PL natural history study (for the comparator) — the ERG
has significant concerns about the methods used. Does the committee consider that
the company’s approach is sufficiently robust?

» Has mortality been appropriately captured?

+ Company used discrete choice experiment (DCE) to estimate utility values. What is
the committee’s view on the methodology, and the validity of results presented?

* What is a reasonable disutility associated with hyperphagia?

* Does the committee consider it appropriate to consider results based on the
availability of 3 vial sizes — the 2 additional vial sizes are expected to launch within
the 15! 3 months of marketing authorisation?

» What are the most plausible ICERs and QALY gains?

» Population contains children: any additional considerations required?
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Company modelling approach
Individual patient level modelling; 1 year cycles 90 year time
horizon

Model period

For non-lab based attributes, period
one values from the NIH Follow-Up
are carried forward until the end of
the modelling window.
For Lab-based attributes, real-world
data is used until end of availability
then last real-world value is carried
forward to end of the model window

Cohort starts
i::ﬂ;rgco)f with same Assumptions are used to model organ damage ,S:gf;
el baseline —_— progression for each patient; non-organ — end of
ahrml i characteristics damage complications and HbA1c/irygliceride modeliing
from NIH Follow- levels maintained from baseline window
up study

Source: Figure D24 Company submission

* Model evaluates health states of individual patients defined through a set of 13
total attributes obtained from the NIH Follow-up study - these attributes
determine a patient’'s QALY value in each period

Individual patient health states can vary across periods when additional attributes are
impaired, or when impaired attributes resolve due to treatment

Two identical cohorts with same baseline attributes populated at period 0, obtained from
the baseline health states of all patients in the NIH Follow-Up study

New label indication is different from the label indication used in the original company
submission and model

- From the NIH Follow-up study, 109 out of 112 patients would be eligible for the new
indication (it was 80 out of 112 for the previously anticipated label indication) (1109
patients populated the updated economic model

- 90-year time horizon (previously 60 years) based on ERG comments

The health state of a patient is determined by the set of attributes listed below, which
indicates the level of impairment due to the disease.
* Organ impairment related attributes
» Heart, kidney, pancreas and liver abnormalities (list of conditions that would fall
under an organ abnormality is given in Figure 34 of the CS)
* Lab related attributes
* HbA,. levels (partial/ no response), triglyceride (partial/ no response) levels
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» Other attributes
Hyperphagia, ability to work/ perform at school, physical appearance,
fast disease progression
In addition to the attributes above, hypoglycaemia events for each patient
throughout his/her lifetime are also simulated in the model. The baseline
values for these attributes at the start of the model are derived from the NIH
follow-up study for both treatment arms.

Subset of four attributes play a crucial role in how mortality is simulated —
abnormalities in heart, liver, kidney and pancreas
Patients can have 0, 1, 2, 3, or 4 organs with abnormalities
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Evidence sources and assumptions (1/2)

Parameter Source of parameter values

Initial patient distribution Baseline from the NIH Follow-up study, both for SoC and metreleptin;
112 patients of which 109 are included in the updated MA and model
Transition probabilities for |Metreleptin arm: real-world data from the NIH Follow-up study, then
the organ impairment extrapolation by a Markov process

SoC arm: from start of the time horizon, disease progression is
extrapolated by a Markov process (based on a subset of the GL/PL
Natural History study; subset selected based on a matching method
to make the baseline characteristics of the two studies similar)

Transition probabilities for [Metreleptin arm: NIH Follow-up study, then last observed carried
blood-lab attributes (HbA,, [forward (LOCF) method is used to extrapolate the blood-lab attributes
SoC arm: assumed to remain unchanged throughout time horizon

and triglycerides)
Transition probabilities for |Metreleptin arm: some improvement assumed based on patterns in

other attributes the NIH Follow-up study

SoC arm: assumed to remain unchanged from baseline values
Adverse events Metreleptin arm: real-world data from NIH Follow-up, then mean
(hypoglycaemia) imputation method is used to extrapolate the number of

hypoglycaemia events per year until the end of the time horizon
SoC arm: assumption that patients do not experience hypoglycaemia
events

In the extrapolation of the remaining attributes other than blood-lab and organ damage
(i.e. hyperphagia, ability to work, reproduction, physical progression and fast
progression)

Metreleptin arm: some improvement assumed based on patterns in the NIH Follow-up
study

SoC arm: assumed to remain unchanged from baseline values

ERG comment on other attributes: page 140 — 143

Issue 1) In the economic model, for each patient, a maximum of two measurements
were provided for the following attributes: hyperphagia, ability to work, reproduction,
physical progression and fast progression. For each of these attributes, the values under
the “0” column were used for the SoC arm patients and the values under the “1” column
were used for metreleptin arm patients. It is stated, in the company submission, that the
values under the “1” column indicate the improvement from the baseline, however,
details on the size/definition of these improvements were not provided.

(See company’s answer in Response to clarification letter, page 28) The ERG asked
whether this was a programming error or a deliberate assumption. The company
acknowledged that it was a deliberate assumption, stating that they expect that any
impairment would be likely to be indicated in the patient's medical data. Thus, when
there is no evidence of an attribute being present, it was typically assumed that it was
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absent.

The company stated that the only exception would be hyperphagia, stating
that this was unlikely to be documented unless physicians were
prospectively asked to assess it, whether or not it was present.

The company corrected the electronic model in the new version submitted,
together with its response to the clarification letter. In the corrected model,
patients with no hyperphagia data in period 1 were considered to
experience the average treatment effect of metreleptin for their relevant
group (i.e. patients with hyperphagia at baseline who lack metreleptin
treatment data at period 1, will be assumed to have a hyperphagia with a
probability of 0.09 in period 1 and onwards, since 9% of patients in the real-
world data who suffer from hyperphagia at baseline continued to have
hyperphagia in period 1). [0 The ERG deemed these imputation approaches
as speculative, since they were not based on evidence, but rather on
assumptions/expectations.

Please also see Company and ERG FAC response on other attributes
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Evidence sources and assumptions (2/2)

Treatment discontinuation

Metreleptin arm: discontinuation rate — weighted overall average value
of 2.047% from NIH Follow-up study applied

Mortality

Survival information for patients treated with metreleptin from the NIH
Follow-Up Study to end of data availability

Time-varying Cox proportional hazards model is used to estimate the
relationship between organ abnormality and mortality. This relationship
is then applied to the NIH Follow-Up survival data to generate survival
curves for each level of organ abnormality

Mortality data from the National life tables in England used for patients
with PL from the end of the NIH Follow-Up study until the end of the
model time horizon

Utility decrements for the
lipodystrophy
complications

Discrete choice experiment (DCE) used to provide estimate of health
disutilities for the key lipodystrophy attributes

An additive approach is followed while implementing the disease
attribute disutilities simultaneously

A perfectly healthy individual was assumed to have a utility of 1

A starting utility value of 1 was chosen not as an accurate reflection of a hypothetical

patients’ true health state but rather was chosen to minimise the number of patients with

negative utility values after decrements are applied.
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ERG comments
Model

+ |t is not clear that the NIH Follow-up study trial population is representative of
UK lipodystrophy patients (1 patient from UK)

+ Patient level modelling approach is appropriate but some concerns
o How the final list of attributes included in the model were selected

= |t is unclear whether any other relevant and important attributes for
lipodystrophy patients was not included in the model

o Extrapolation approach used in the model for disease attributes ignores all
possible interdependencies between disease attributes

* Disease attributes are modelled/extrapolated independently of each other

o Model applied extrapolation from different time points in the metreleptin and
SoC arms

= Difference in the start times for the extrapolation in the model might lead to
an underestimation of the uncertainty for the patients receiving metreleptin

+ Appropriateness of the model: lack of definitions of attributes and
improvements attributed to metreleptin (e.g. improvement in hyperphagia)

CS (page 192): Model is based on patients from the US NIH, which represents a patient
population that is different from the patients currently treated in the EAP in the UK. The
US NIH patient data used in the model are more advanced patients than those currently
treated in the EAP in England. Model sensitivities have illustrated that treatment in
patients at less progressed stages of disease can provide greater QALY gains and high
value and this is expected to be the case in England

Company label update response document: The cost effectiveness model has been
updated so that the "label indication" base case includes only patients who meet the
criteria. Specifically, 3 patients who were treated with metreleptin at NIH did not meet the
age restriction anticipated on the label and have been excluded from the "label
indication" results. The resulting "label indication" group includes 109 patients (compared
to 80 patients in our prior submission).

40



Organ impairment progression

+ Abnormalities in four organs (heart, kidney, liver and pancreas) are considered in
the model

+ Progression probabilities estimated by fitting parametric survival curves to each of
the KM curves from the NIH Follow-up study (see probabilities below)

Progression Estimated Number of Number of
event progression patients at risk | progressions
probability

5 4%

5.0%

8 3% 47 17
3.9% 48 7

NIH Follow-up study included 114 patients, but sufficient data after baseline is available for only for 112, only
109 patients considered in the updated model

Source: Table 71in the CS
+ The same extrapolation approach (Markov process for the total number of abnormal
organs) is followed for organ impairment progression under SoC

o Estimated transition probabilities derived from a subset of the GL/PL natural history
study data are applied to patients from baseline until the end of the time horizon

CS Page 258: It is assumed that organ abnormality
events occur continuously and independently across

patients and hence are well modelled by an exponential

distribution. As such, exponential curves to all the
Kaplan-Meier curves above to estimate the associated
exponential parameter. The exponential parameter is
then log transformed into a per period transition
probability

Estimating transition rates from the NIH Follow-Up study,

for patients treated with metreleptin, follows the same
approach. However, patients are only observed from

their date of treatment (rather than from birth), truncating
the data and potentially biasing estimates. The approach
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described above to generate transition
probabilities derived from data on treated
patients for the natural history study data is
repeated for the NIH data.

The company stated that the baseline
characteristics of the GL/PL and NIH follow-up
studies differ substantially, for example, patients
on metreleptin treatment on average, were at a
more advanced stage of disease at start of
observation compared to untreated ones.
Therefore, the company obtained organ
impairment progression transition probabilities
for the SoC arm from a matched subset
obtained from the GL/PL natural history study
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ERG comments on organ impairment progression

* In the extrapolation of organ impairment progression, only the cumulative number

of organ impairments (out of 4 organs) was taken into account
o Not clear why the type of affected organ and the severity of an organ
abnormality were not taken into consideration

+ Differences between the NIH Follow-up study and GL/PL natural history study in
baseline characteristics (see clinical section) and inherent structural censoring

o Patients were observed from their enrolment time and onwards in the NIH
Follow-up trial, whereas in the GL/PL natural history study, the retrospective
patient records were collected to the earliest possible time point

+ Staggering method (i.e. assuming one day in between two or more organ
impairments that were observed simultaneously) 2 inadequate

» Lack of clarity regarding the approach of the incorporation of the time to event data
from the NIH Follow-up study and from the GL/PL natural history study

o Not clear whether a death event was considered as a censor or an organ
impairment event (categorisation of the death event has a considerable impact
on the hazard ratios)

+ A patient’s simulated number of impaired organs under SoC was forced to be
higher than that patient’s simulated number of impaired organs under metreleptin in
each cycle

+ Justification of methods: patient characteristics have no impact on the transition
probabilities; organ impairment process possesses the Markov memoryless
property = itis not driving the final results that affect decision making

See comments in ERG report: page 115 - 125

Markov memoryless property: The company interpreted the results as indicating that
there is no strong evidence for a consistent, significant correlation between time spent in
the former state and time to progression, for the matched control patients from the
GL/PL natural history study. This test was not conducted for NIH follow-up study, since
the patients in this study were not followed from their birth.

The ERG considers that there could be other available tests for the Markov memoryless
property, however the ERG also considers that the memoryless assumption is not the
assumption that is driving the final results that affect decision making

Discontinuation rate (2.047%) only reflects impact of discontinuation in organ impairment
progression. Not including impact of discontinuation on attributes such as blood-lab
values, hyperphagia, ability to work creates a bias in favour of metreleptin

No de novo statistical analyses provided, in order to try to resolve concerns about organ
impairment progression
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Matching exercise

+ Transition probabilities from the GL/PL natural history study were not used in the
model - de novo organ impairment progression transition probabilities for the SoC
arm were used, conducted on a matched subset obtained from the GL/PL study

» Matching exercise created pairs of patients from both studies (for each treated patient
from the NIH Follow-up study, an untreated patient at a particular age from the GL/PL
natural history study) whose reference age matched the treated patient’s age and
whose level of organ abnormality was close to that from the matched treated patient

+ ERG comments: Company used a matching method outlinedin NICE TSD 17, but
ERG disagrees with the company on the appropriateness of the approach

* Method wasn't properly implemented: e.g. in the matching algorithm used by the
company, for each patient died/censored in the GL/PL natural history study, pseudo
patients that died/censored patient were created

+ Insufficient interpretation of the matching results
o The size of the untreated matched dataset (N=47) is approximately one third of the
treated patients’ dataset (N=112); suggests that an untreated patient is matched to

multiple treated patients from the NIH Follow-up study - clinical inputs used in
analysis not trustworthy

ERG report: page 135 - 139

The company stated that the matching method employed in the CS was in line with NICE
TSD 17, as it resembled the “nearest neighbour matching method”, which was,
according to the company, one of the two recommended matching methods (together
with the propensity score matching) in NICE TSD 17. In the nearest neighbour matching
method, a multivariate measure of distance (typically the Mahalanobis distance) is
minimised between the matched pairs. Since Mahalanobis distance was mentioned in
the NICE TSD 17 as a typical example, the company, in its response to the clarification
letter, provided results for an additional matching exercise, which minimises the distance
between the treated and untreated cohorts based on the Mahalanobis distance. In the
latest submitted electronic model, the company used the transition probabilities derived
from the matched untreated population based on the Mahalanobis distance minimisation
method.
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Derivation of mortality inputs for the model
Extrapolation of the survival

The hazard ratio from the Cox Proportional Hazards model is applied

» For GL patients, to the survival curve fitted to the patient level survival data
from the GL sub-population of the NIH Follow-up study (exponential
distribution considered to be the best fit for extrapolation)

+ For PL patients, to the gender/age adjusted mortality figures from the UK life
table (based on the sex ratio in the PL sub-population of the NIH Follow-up
study)

It is assumed that survival is determined by the type of LD and number of organs

impaired in a period (type, length of time have no impact)

GL Survival Curves by Organ Impairment PL Survival Curves by Organ impairment

rce eaiment INdaan

Source: Company submission Figure 40 and 41

Age

Source: Figure 2 and 3 in company submission

The company stated that the Cox proportional hazards model yields a statistically
significant (at 1%) coefficient on number of organs impaired, which remains significant in
the presence of additional control variables, implying that the number of impaired organs
has a significant (negative) effect on mortality.

The company also stated that PL patients from the GL/PL natural history study were not
observed to experience mortality in excess of the general public (conditional on age and
gender). Among PL patients in the NIH follow-up study, only one mortality was
observed.

See figure 38 in the company submission for the KM vs. parametric curves
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ERG comments
Mortality

The ERG noted that the Cox PH model is fit on the natural history study data, to
establish the relationship between organ abnormality and mortality. However, this
hazard ratio is applied to parametric/life table survival curves obtained from the
extrapolation of data from the NIH Follow-up study

= For consistency, the same data sets should have been used

* The company stated that the natural history study was used because of limitations in
the NIH Follow-up study, but presented these results and also pooled results

> Lack of face validity forthe GL/PL patient's survival extrapolation results (some GL/PL
patients have a more favourable life expectancy than the general UK population)

= The company agreed, and the updated model used the annual survival probability
from the UK life table if the survival probability estimates based on the analyses on
the NIH Follow-up and the GL/PL natural history studies were more favourable

= ERG stated this is an artificial solution, instead reasons underlying the high survival
outcomes from the model should have been explored

ERG commented on the assumption that survival is affected only by the number of
organs impaired

Conditional survival curves derived based on a fixed number of organ impairments,
whereas this is a time variant parameter

= Therefore, baseline survival curves do not represent a patient population in whom
number of organ impairments stayed fixed, and scaling these to conditional survival
curves probably overestimated the difference in survival at later time points

Q

)

Q

Q

The company noted that, in the NIH follow-up study, information about the early stage of
patients’ disease was lacking and the observation window in the study was much shorter
compared to the GL/PL natural history study.

45



ERG comments
Mortality

Clinical plausibility of the GL survival extrapolation

* The company presented results comparing the KM curve from the GL patients
from the NIH Follow-up study with that from the GL/PL natural history trial after
an age-based adjustment procedure had been applied (see figure below)

KM from NHS vs. from NIH (GL

Source: ERG report, Figure 4

+ The ERG stated that in this figure patients receiving SoC live longer

o Additionally, it does not address why an exponential distribution is most
appropriate

The company, in its response to the clarification letter, presented the results from a
validation exercise using survival data from the GL/PL natural history study. The
validation exercise compared the KM curve from the GL patients from the NIH follow-up
study with that from the GL/PL natural history trial after an age-based adjustment
procedure had been applied. The resulting KM curves can be seen in Figure 4 above



Health-related quality of life
Utility decrements

+ No EQ-5D data collected in trials - study Dhankhar et al. estimated the average EQ-
5D score for lipodystrophy to be 0.67
o EQ-5D domains not considered appropriate to capture attributes such as
hyperphagia, female reproductive dysfunction, changes in physical appearance, or
organ abnormality; additionally the study also included patients without LD

« Company conducted a discrete choice experiment (DCE) on a large sample of the
general population 2 to estimate disutilities associated with key lipodystrophy
attributes

« Baseline quality of life was derived from health states that patients inhabited at the
beginning of the NIH trial

« For a given health state, a patient's quality of life was calculated by adding up the
QALY decrements of those attributes presentin that health state

« Baseline quality of life for patients with no attributes present was assumed to be 1
(perfect health)

« The company stated that the true decrement associated with hyperphagia is Ilkely to
be underestimated — explored in scenario analyses

Respondents had to choose between two hypothetical health
profiles that differed in levels of organ impairment, disease
attributes and life expectancy
1,000 respondents surveyed : the US (250), UK (150),
France (150), Germany (150), Italy (150) and Spain (150) -
final sample matched Eurostat demographic characteristics
for UK
Data obtained from the survey used to estimate a
multinomial logit model - Three UK lipodystrophy clinical
experts provided input for the survey and commented on the
results



Utility decrements used in the cost effectiveness
analyses
Attribute Mean value Standard error Source
Heart Abnormality -0.19 0.047 '
Liver Abnormality -0.15 0.038
Pancreas Abnormality -0.13 0.032
Kidney Abnormality -0.13 0.028
Hyperphagia -0.11 0.015
Disruption to female reproductive -0.06 0.064
function
Loss of ability to perform work / school -0.25 0.047
Impaired Physical Appearance -0.10 0.025 Company
Triglycerides: Achieved Goal (<=200 0.00 NA DCE and
mg/dL) assumptions
Triglycerides: Partial Response (>200 -0.05 0.012
mg/dL, <=500 mg/dL)
Triglycerides: No Response (>500 -0.11 0.028
mg/dL)
HbA,.: Hypoglycemia -0.01 0.004
HbA,.: Achieved Goal (>4.0, <=7.0) 0.00 NA
HbA,.: Partial Response (>7.0%, <=8.0%) -0.08 0.02
HbA1C: No Response > 8.0% -0.18 0.045

Table 33 ERG report

Table 33 shows the utility decrements used by the company in the economic model.
Deterministic sensitivity analyses considered a 50% deviation from the mean value for
the lower and upper limits. In the PSA, every utility decrement was assumed to follow a
Beta distribution with the mean and standard error shown in Table 33.



ERG comments
HRQoL (1/2)

» Methodological issues in using DCE to directly obtain disutility values for health states
o As long as these differences are not fully understood, the use of DCE disutilities to
estimate QALYs remains highly speculative

o Forexample, DCE classifies health states below zero more often than time trade-
offand produces lower average health state values

= Unclear why; anchoring, framing issues or choices being driven not only by
differences by how easy it is to compare alternatives

+ Concern around combining results from 6 countries whereas EQ-5D has country
specific tariffs

* Long, complex survey with 12 attributes per card — cognitive burden

» Multinomial logit model: used to analyse the choice data

» These models have strong assumptions which have not been sufficiently tested

o Age not included as an attribute whereas ERG considers age will impact weights of

other attributes

+ There are several attributes that the company mentioned as having impact on the
patient's QoL, which were not included in the economic analyses due to lack of data
(according to the company)

+ E.g. pain, depression, retinopathy, neuropathy, amputation)

Multinomial logit model (ERG report, page 153)

As the choices were always between two alternatives, this reduces to a logit model.
These models have three strong assumptions: independence from irrelevant alternatives
(or l1A) assumption, the identical and independent distribution (1ID) assumption for the
error terms and preference homogeneity. No information was provided in the CS or in
the response to the clarification letter regarding any formal testing to check if these
assumptions are satisfied. A mixed logit model which allows for preference heterogeneity
should at the very least have been tested. It is quite possible that this alternative model
would have had a substantial impact on the results. Thus, the model used by the
company is most likely too simplistic for decision making.
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ERG comments
HRQoL (2/2)

* The ERG highlighted concerns around the face validity of DCE based disutilities

is low

o In the metreleptin group 41.33 life years were accumulated*, translating into
16.27 QALYs, whereas for the SoC group 33.07 life years were accumulated,
translatinginto only 0.27 QALYs

o This implies that the average patient with lipodystrophy not receiving
metreleptin values their health state as very close to death, which may be
unlikely

+ ERG agrees with company on limitations of EQ-5D values from Dhankar et al.
(cross-sectional study; no information provided on clinical background of
respondents; does not only include patients with LD, also could include carers)

o However, given the issues with the utility scores obtained by the DCE study
considers it to be an alternative

+ Utility estimate from Dhankar et al. multiplied by life years gained obtained from
the model presented in an exploratory scenario analyses by the ERG

* Updated CE results, Table D46, undiscounted results
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Resource use (1/2): Drug acquisition

Metreleptin acquisition cost
+ List price: £2,335 per vial 11.3mg (10mg dose)
o Confidential simple discount PAS approved

+ Estimated annual cost per patient (list price): £434,633.45
o Assuming all three vials are available, and the proportion of patients receiving
each vial size reflects the EAP data

11.3mg vial 5.8mg vial (5mg 3mg vial (2.5mg
(10mg dose) dose) dose)
Proportion of 11.54% (n=3) 69.23% (n=18)  19.23% (n=5)
EAP patients
receiving each
vial size

Abbreviations: mg, milligram; n, number
The company stated that the costs of home delivery and self-administration

training will be funded by the company at no additional cost to patients or the
NHS
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Resource use (2/2): Cost of standard of care,
hyperphagia and organ abnormalities

+ Resource use was based on resource use questionnaires completed by two clinical
advisers who treat lipodystrophy at Addenbrooke’s Hospital

« Health-state costs were based on NHS reference costs

o Costs associated with standard of care are estimated at £3,000 and were applied
to patients in both treatment arms

o Using the Health Resource Group (HRG) currency codes, the cost of abnormality
of the heart is £11,888, £16,556 for kidney, £22,104 for liver, and £1,301 for
pancreas abnormality

» In the model, no costs for hyperphagia, PCOS, inability to perform school or work,
impaired physical appearance, or abnormal laboratory levels were included

« Only adverse event cost of hypoglycaemia was included in the model at a price of
£1,087.07 per hypoglycaemia-hospital admission
o ERG comment: Important adverse events (e.g. neutralising antibodies and
treatment emergent acute pancreatitis) were overlooked — bias in favour of
metreleptin

o Impact expected to be marginal
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Base-cases considered in the economic
analysis

» Base case 1 — metreleptin list price and a 10 mg vial size
» Base case 2 — metreleptin list price and all available vial sizes
» Base case 3 — metreleptin PAS price and a 10 mg vial size

*|Base case 4 — metreleptin PAS price and all available vial sizes

Company’s preferred base-case

Note: the PAS for metreleptin has been approved

Note: 10 mq vial size is currently being considered for marketing
authorisation (MA) = vials of 2.5 mg, 5 mg and 10 mg will be approved
within three months after MA; the PAS will apply to all vial sizes
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CONFIDENTIAL

Cost effectiveness results
Company base case scenarios (discounted)

- QALYs |Costs BC1 |Costs BC2 |Costs BC3 |Costs BC4

Metreleptin 8.34 £11,199,165 £5,749.294 |IIEIEGIN I
SoC 16.23 0.58 £74,854  £74,854 £74 854 £74,854
Nt LcR 295 7.77 £11,124311 £5674440 N TR

- - £1.432391/ £730,654/ N T
QALY QALY QALY QALY

Abbreviations: BC = base case, ICER = incremental cost-effectiveness ratio, LYs = life-years, QALYs = quality-adjusted
life years, SoC = standard of care

Source: ERG addendum, Table 1

These results represent the updated base case scenarios after change in anticipated MA wording



QALY gains with metreleptin treatment
Distribution of QALYs per patient per year

Per Patient QALYs over Time (Discounted)

Source: Figure 1 ERG addendum

For GL patients in the SoC arm the number of QALYs per year are always
negative or zero

The distribution of the QALYs per patient per year for both treatment arms and partial
lipodystrophy (PL) and general lipodystrophy (GL) patients separately is presented in

Figure 1. In particular, this figure shows that for GL patients in the standard of care (SoC)
arm the number of QALYs per year are always negative or zero.
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CONFIDENTIAL

Sensitivity and scenario analyses (discounted)

Scenario QALYs BC1 BC2 BC3 BC4

Base case 777 £1,432391 £730,654 | T
Double hyperphagia disutility +

heart abnormality improvement* 9.30 £1,206,039 £615,167 - -
Elimination of mortality benefit

of metreleptin for PL 777 £1438784 £733848 I T
All organ progression

probabilities increased by [} 754 £1461.201 £74535 [
All organ progression

probabilities decreased by [l 805 £1304400 £711260 [N N
Unadjusted natural history study

organ abnormality progression 8.02 £1,386,054 £707,002 E TN
probabilities used for SoC

*Company’s preferred scenario

+ ERG comment: Do not agree - there is no evidence that hyperphagia disutility
should be twice as high from its DCE study estimate

The ERG does not agree with that statement because there is no evidence that
hyperphagia disutility should be twice as high from its DCE study estimate and also the
argument that hypertension improvement is a surrogate for heart organ abnormality is
deemed to be not convincing by the ERG.



Errors and changes in the updated model

« Company provided an updated model after change of the anticipated population

« ERG found additional changes in the updated model, other than updated label indication
o These changes were not reported and led to differences in model results
= the addendum model used slightly different proportional hazard regression coefficients
compared to the original one
= the hypoglycemic event that occurred in the 11th year of the 12th patient was deleted
= irrelevant calculations in the organ impairment real world data sheets were mistakenly

taken into consideration in the cells corresponding to the 63 and 64" year
calculations in the organ impairment simulation sheets

= the missing baseline leptin levels are replaced with 9999, so that these patients will be
always considered to fall under the updated license indication

* ERG undid these changes inthe addendum model, except for the last one

+ ERG identified two additional errors in the model: 1) Wrong transition probability is used
for the fourth organ impairment annual probability for SoC 2) The costs and disutilities
associated with organ impairments were wrongly calculated, and different formulae were
used for SoC and metreleptin arms > ERG corrected them

The ERG identified some programming errors in the model and some critical issues

related to the input evidence used in populating the company’s model. Please see ERG

report Section 5
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CONFIDENTIAL

ERG corrected company base case scenarios

(discounted)
Marginal impact on results

1926 9.33 £11,202,756 £5,751,126
16.44  1.60 £72,635 £72,635 £72,635 £72,635
282 773 £11,130,121 £5678491 N N

- — £1440738/ £735052/ ]
QALY QALY QALY QALY

Abbreviations: BC = base case, ICER = incremental cost-effectiveness ratio, LYs = life-years, QALYs = quality-adjusted
life years, SoC = standard of care

Source: Table 4 ERG addendum
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ERG exploratory analyses

* ERG furthermore conducted six additional scenario analyses to explore structural and input

parameter uncertainty:

1.

Impact of metreleptin discontinuation reflected not only in organ impairment progression,
but in the progression of other disease afttributes. \When patient on metreleptin
discontinues the treatment, values from the SoC arm were assumed for discontinued

patients’ blood-lab and other attributes

Abandoning the constraint imposed on the SoC arm patients, which never allowed them

to have fewer number of organ impairments than metreleptin

Assuming that there is no difference between the SoC and metreleptin treatments in
terms of the disease attributes other than organ impairment and blood-lab values during

a lifetime
Using utility input from Dhankar et al. (0.67) for all the years that a patient is alive

Except for the data at baseline, no real-world data is directly used in the simulation of the

organ/blood-lab attributes for the metreleptin arm patients

For the disutility and cost calculations associated with the number of organs impaired,

the corrected formula from the metreleptin arm is used in both arms
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CONFIDENTIAL

ERG exploratory analyses results (discounted)
Scenario QALYs QALYs QALYs ICER ICER ICER

metr. SoC gained BC1 BC2 BC3
Base case 9.33 16  7.73 £1,440,738 £735,052 | IEGB
Scenario 1

729 160 569 £1,955739 £997,801 | EGNG

Scenario 2
933 162 7.71 £1,443359 £736,388 | EGNR

Scenario 3 555 160  1.96| £5,683,204 £2,899,521 [
Scenario 4

1290 11.02  1.89| £5,898,649 £3,009,439 G

Scenario 5
726 163 564 £1,859,171 £948,041 |G
Scenario 6

845 064 781 £1,425279 £726,954 | EGINR

Abbreviations: BC = base case, ICER = incremental cost-effectiveness ratio, QALYs = quality-adjusted life years, SoC =
standard of care
» Scenario 3 and 4 had the highestimpact on the results — suggest that treatment
effect of metreleptin on disease attributes other than organ impairment and
blood-lab values and use of different utility values are key drivers

The ERG stated that the model is not sufficiently validated and that the uncertainty
around the ICERs goes beyond that parameter uncertainty. The ERG has been unable
to identify an ERG preferred estimate because of the extent of uncertainties.



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

Lifetime incr. QALYs gained | Weight

Less than or equal to 10 1
11-29 Between 1 and 3 (using equal incr.)
Greater than or equal to 30 3
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Undiscounted QALY gains

QALYs Incremental

Company preferred base
case scenario

Company base case
corrected by ERG

ERG's exploratory analysis 1
ERG's exploratory analysis 2

ERG's exploratory analysis 3
ERG's exploratory analysis 4
ERG's exploratory analysis 5

ERG's exploratory analysis 6

16.27

19.71

13.09
19.71

6.80

27.96

14.97

16.63

3.08

3.08
3.12

3.08

22.75

3.15

0.62

16.63

10.01
16.59

3.72
5.21
14.35

16.01
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CONFIDENTIAL

Overall lipodystrophy (GL and PL) budget impact
Incorporating PAS price (BC4)

Year 1 Year 2 Year 3 Year 4 Year 5
Eligible patient 26 31 35 40 44
numbers
Uptake rate 85% 85% 90% 90% 90%
Number of patients 22 26 32 36 40
treated
Other savings / £0 £0 £0 £0 £0
costs*

Netbudgetimpact [N I I BN S

+ Assuming availability of all three vial sizes of metreleptin (11.3mg vial, 5.8mg vial, and
3mg vial)

+ The budget impact considers that: 11.54% patients receive the 10mg dose vial; 69.23%
patients receive the 5mg dose vial; 19.23% patients receive the 2.5mg dose vial, as per
the EAP December 2017 data

+ ERG comment: high expected uptake rate reliable, but the reason behind the rising
uptake is unclear

« Discontinuation due to patient preferences/clinical recommendation was considered
as 0% in the first 5 years, because of the small estimated patient numbers in the
budget impact -- validity of assumptions remains unclear




Equality

* No equality issues have been presented

Innovation

The company considers metreleptin is an innovative treatment because:

» only therapy specifically for LD, acting on the underlying cause of
leptin deficiency = represents an important innovation in the
management of LD

« availability of metreleptin in the UK will help foster investments in drug
innovation for UK patients in currently underserved rare disease areas
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Highly Specialised Technologies Evaluation
Metreleptin for treating lipodystrophy

Final scope

Remit
To evaluate the benefits and costs of metreleptin within its licensed indication
for treating lipodystrophy for national commissioning by NHS England.

Background

Lipodystrophy is a rare, heterogeneous group of syndromes characterised by
the complete or partial loss or absence of subcutaneous adipose tissue.
Without sufficient adipose tissue the hormone leptin can become deficient and
the body’s system for regulating energy use and storage is disrupted,
resulting in lipid accumulation in abnormal sites, such as the liver and muscle.
Lipodystrophy is often accompanied by metabolic abnormalities including
insulin resistance with resultant hyperinsulinemia and diabetes mellitus,
hepatic steatosis or steatohepatitis, dyslipidemia and severe
hypertriglyceridemia. It can therefore have a substantial effect on quality of
life. Despite progress in identifying the molecular basis of many lipodystrophy
syndromes, it is often diagnosed late in the course of the disease or remain
undiagnosed.

Lipodystrophy is generally classified on the basis of the extent or pattern of fat
loss (generalised or partial) and whether the disease is genetic or acquired.
There are 4 major subtypes:

Generalised:
e congenital (inherited) generalised lipodystrophy
e acquired generalised lipodystrophy

Partial:
o familial partial (inherited) lipodystrophy
e acquired partial lipodystrophy

The prevalence of lipodystrophy varies from approximately 1 to 2 per
1,000,000 population depending on the subtype. Applying the prevalence
estimates to the population of England for 2016' suggests there are
approximately 200 people with lipodystrophy in England.

There are no licensed treatments in the UK for generalised or partial
lipodystrophy. The disease is currently managed with lifestyle modifications:
such as a low fat diet and exercise; cosmetic surgery; and medications to
manage the metabolic disturbance associated with leptin deficiency, including
lipid lowering drugs (fibrates and statins) and medications for diabetes

National Institute for Health and Care Excellence

Final scope for the evaluation of metreleptin for treating lipodystrophy

Issue Date: November 2017
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(metformin, insulin, sulphonylureas, and thiazolidinediones). A single National
Specialist Service for people with lipodystrophy was established in 2011 at
Addenbrooke’s Hospital in Cambridge.

The technology

Metreleptin (Myalept, Aegerion Pharmaceuticals) is an analogue of the human
hormone leptin, which is secreted into the circulation from adipocytes. Leptin
acts centrally through multiple metabolic actions within the arcuate nucleus to
affect body composition, appetite and metabolism. Metreleptin is administered
by subcutaneous injection.

Metreleptin does not currently have a marketing authorisation in the UK for
treating lipodystrophy. It has been studied in clinical trials in people with
generalised or partial lipodystrophy.

Intervention(s) Metreleptin

Population(s) People with generalised or partial lipodystrophy

Comparators | B e ot Pt
lowering drugs and medications for diabetes)

Outcomes The outcome measures to be considered include:

e improvement in metabolic abnormalities

e liver function (including cirrhosis)

e glucose control and diabetes (including
complications of diabetes and need for
diabetes therapies)

e satiety

e pancreatitis

e use of other drugs

e organ damage including heart and kidneys

e growth and development

e reproductive dysfunction

e infection

e mortality

e adverse effects of treatment

¢ health-related quality of life (for patients and
carers; including effects on appearance)

Nature of the o disease morbidity and patient clinical disability
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condition with current standard of care
impact of the disease on carer’s quality of life
extent and nature of current treatment options
Clinical overall magnitude of health benefits to patients

Effectiveness

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.

National Institute for Health and Care Excellence
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Other considerations e |If the evidence allows, subgroups according to
whether the lipodystrophy is generalised or
partial, or congenital or acquired, and
according to the presence of complications
associated with lipodystrophy (including
diabetes and hypertriglyceridemia) will be
considered.

e Guidance will only be issued in accordance
with the marketing authorisation.

e Guidance will take into account any Managed
Access Arrangements

Related NICE None
recommendations
and NICE Pathways

NHS England, Manual for prescribed specialised

ke bl services 2016/17, Chapter 62: Highly specialist

Policy metabolic disorder services (adults and children),
2016
https://www.england.nhs.uk/commissioning/wp-
content/uploads/sites/12/2016/06/pss-manual-
may16.pdf
National Service Frameworks: Long Term Conditions
(including neurological) — archived
http://webarchive.nationalarchives.gov.uk/+/www.nhs.
uk/NHSEngland/NSF/Pages/Longtermconditions.a
Spx
Department of Health NHS outcomes framework
2016 to 2017 (2016)
https://www.gov.uk/government/publications/nhs-
outcomes-framework-2016-t0-2017
References

1 Population of England (2016)
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigrati
on/populationestimates Accessed October 2017
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Highly Specialised Technologies Evaluation
Metreleptin for treating generalised and partial lipodystrophy [ID861]

Final matrix of consultees and commentators

Consultees Commentators (no right to submit or
appeal)
Company General
e Aegerion Pharmaceuticals Limited e All Wales Therapeutics and Toxicology
(metreleptin) Centre
¢ Allied Health Professionals Federation
Patient/carer group e Board of Community Health Councils in
e Black Health Agency Wales
e Children Living with Inherited e British National Formulary
Metabolic Diseases (CLIMB) e Care Quality Commission
e Contact a Family e Department of Health, Social Services
e Diabetes Research and Wellness and Public Safety for Northern Ireland
Foundation e Healthcare Improvement Scotland
e Diabetes UK e Medicines and Healthcare Products
e Genetic Alliance UK Regulatory Agency
e Independent Diabetes Trust ¢ National Association of Primary Care
e Lipodystrophy UK ¢ National Pharmacy Association
e Muslim Council of Britain e NHS Alliance
e National Children’s Bureau ¢ NHS Commercial Medicines Unit
e Network of Sikh Organisations ¢ NHS Confederation
e South Asian Health Foundation e Scottish Medicines Consortium
e Specialised Healthcare Alliance o Welsh Government
e Welsh Health Specialised Services
Professional groups Committee
e Association of Genetic Nurses &
Counsellors Possible comparator companies
e British Dietetic Association e None
e British Inherited Metabolic Disease
Group Relevant research groups
e British Society for Genetic Medicine e Clinical Trials Research Unit
e British Society for Human Genetics e Cochrane Metabolic & Endocrine
e British Society for Paediatric Disorders Group
Endocrinology and Diabetes e MRC Clinical Trials Unit
e Primary Care Diabetes Society ¢ National Institute for Health Research
¢ Royal College of General Practitioners
e Royal College of Nursing Associated Public Health Groups
e Royal College of Paediatrics & Child | ¢ Public Health England
Health e Public Health Wales
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Consultees

Commentators (no right to submit or
appeal)

Royal College of Pathologists

Royal College of Physicians

Royal Pharmaceutical Society

Royal Society of Medicine

Society for Endocrinology

Training Research and Education for
Nurses in Diabetes (TREND UK)

UK Clinical Pharmacy Association
UK Genetic Testing Network

UK Health Forum

Others

Department of Health

Great Ormond Street Hospital
Metabolic Unit

Department of Endocrinology,
University Hospital Birmingham
Foundation Trust

NHS England

National Severe Insulin Resistance
Service, Addenbrooke’s Hospital
Oxford Centre for Diabetes,
Endocrinology and Metabolism

NICE is committed to promoting equality, eliminating unlawful discrimination and
fostering good relations between people who share a protected characteristic and
those who do share it. Please let us know if we have missed any important
organisations from the lists in the matrix, and which organisations we should include
that have a particular focus on relevant equality issues.
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Definitions:
Consultees

Organisations that accept an invitation to participate in the appraisal; 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 Appraisal Determination (FAD).

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 Appraisal Determination (FAD).

Commentators

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

Lipodystrophy is an ultra-rare disease with devastating consequences for patients and their
caregivers characterised by the partial or complete absence of adipose tissue and impaired
leptin production. The prevalence of this disease is estimated at ~1 per 1 million people, with
a population well characterised in the United Kingdom at a single centre of excellence in
Cambridge (Addenbrooke's - Cambridge University Hospital). Lipodystrophy patient survival
is impaired as organ abnormalities progress. Overall survival reduction is estimated at ~25
years in generalised lipodystrophy (GL) patients. Partial lipodystrophy (PL) patients' organ
abnormality progression is similar to that of GL patients once a first organ abnormality is
present.

Lipodystrophy is a multi-factorial disease with numerous consequences stemming from the
inability to store adipose tissue and from impaired leptin production (Section 6.1). Ectopic fat
deposition occurs and patients experience progressive organ abnormalities in multiple
organs, including the liver, kidneys, pancreas, and heart. Additional significant
consequences of lipodystrophy that impact on patient quality of life and well being include:

o Hyperphagia (extreme hunger not satisfied by food intake at any level).

e Impact on the female reproductive system, with dysfunction including delayed
puberty and infertility.

e Severe metabolic problems, including highly elevated triglycerides, severe insulin
resistance (resulting in symptoms such as hirsutism and acanthosis nigricans) and
poorly controlled blood glucose levels with early onset type 2 diabetes.

Lipodystrophy also has a profoundly detrimental impact on patient and family quality of life
through numerous other symptoms including changes to physical appearance, work/school
impairment, chronic pain) (Section 7.1). Most patients are affected from birth due to
genetic/familial disease, with symptoms such as hyperphagia and organ abnormalities
manifesting in childhood. Primary caregiver burden frequently includes limitations on ability
to work, anxiety, and other factors affecting quality of life. Families are also greatly impacted
(e.g., disproportionate amount of time and focus on the sick child, eating patterns affecting
all family members and resulting tensions within families).

Metreleptin will be the first licensed treatment option for lipodystrophy patients (Section 8).
Metreleptin replaces the leptin lipodystrophy patients fail to produce, directly addressing a
critical patient need. Traditional treatment options generally target individual symptoms such
as elevated HbA1c or triglycerides and patients are mostly refractory to these treatments
(e.g., many patients are still uncontrolled with very high insulin doses). Metreleptin, by
contrast, is successful in addressing metabolic symptoms resistant to traditional therapy (i.e.,
HbA1c, triglycerides) and dramatically improves many other facets of the disease
unaddressed by traditional treatments, including hyperphagia, organ abnormalities such as
pancreatitis, female reproductive dysfunction, ability to perform school or work, and other
factors affecting quality of life. The organ abnormalities addressed by metreleptin are
associated with early mortality and hence a reduction in mortality with metreleptin treatment
can be achieved through reducing organ damage progression. Efficacy is seen even in very
young patients, is sustained over time, and early intervention is warranted given the
progressive nature of the disease without treatment. Caregivers and families also greatly
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benefit: they may experience improved ability to work and the reduced psychological and

physical burden of caregiving. The dramatic impact of metreleptin on the lives of patients

and caregivers is supported by input from patients and caregivers and ongoing qualitative
research.

The costs of lipodystrophy to the NHS/PSS prior to metreleptin are substantial, though data
are limited due to the ultra-rare nature of this condition. Metreleptin is delivered by
subcutaneous injection by the patient at home with initial training provided an independent
nurse team that will be funded by Aegerion. Overall, introduction of metreleptin will create
limited or no additional cost to NHS outside of the price of the drug while reducing the
frequency of high-cost consequences of lipodystrophy and usage of alternative medications.
Metreleptin is included within the specialised service specification of the National Severe
Insulin Resistance service at Addenbrooke's and has been provided to patients under a
manufacturer-sponsored early access programme (EAP) for up to 10 years. The centre of
excellence at Addenbrooke's has developed leading expertise in delivering appropriate care
for lipodystrophy patients. Further costs of lipodystrophy outside the centre of excellence are
not well documented, despite the frequency of lipodystrophy-related hospitalisation and
additional care required by these patients through their lifetime.

According to a lipodystrophy natural history study that has been conducted:

¢ About half of patients ultimately die in the hospital setting (typically through organ
failure)

o Alower bound estimate is that about 20% of lipodystrophy patients will be
hospitalised in a given year, with as many as 5 or more hospitalisations per year
observed in some patients (Section 14.3)

e Due to the high efficacy of metreleptin, offsets to resource use and cost are
expected:

o 41% of patients with GL are able to discontinue high dose insulin after
initiating metreleptin (Section 9.6.1.4.5) and 34% are able to discontinue all
antidiabetic medications;

o Curbing the progression of organ abnormalities such as pancreatitis is
expected to reduce the costs associated with these abnormalities and their
treatment (Section 12.3.7).

The clinical efficacy and safety of metreleptin has been evaluated in a pivotal, open-label,
single arm study (NIH 991265/20010769: 107 patients with lipodystrophy treated with
metreleptin for up to 14 years) and a supportive study (FHA101: open-label, expanded-
access trial of 41 patients with lipodystrophy treated with metreleptin for up to 5.5 years)
(Section 9.4). Metreleptin treatment was associated with clinically meaningful and
statistically significant reductions in HbA1c and triglycerides that were sustained over long-
term treatment in patients with GL and a subgroup of PL patients who have clinically similar
metabolic disturbances as patients with GL (Section 9.6). Improvements in insulin resistance
and hypertriglyceridaemia were substantial enough that some patients were able to
discontinue use of insulin, oral antidiabetic medications and/or lipid-lowering therapies
(Section 9.6.1.4.5). In addition, clinically meaningful improvements were observed in
elevated hepatic enzymes and hepatomegaly, commonly used surrogate measures of
hepatic steatosis (Section 9.6.1.4.3). Effects to improve hyperphagia were also described,
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which is particularly important as improvement in hyperphagia due to relative leptin
deficiency helps to break the cycle of excess food consumption that further exacerbates
metabolic abnormalities as ingested fats are directed towards ectopic locations (Section
9.6.1.4.4; Section 7.2). Long-term follow-up data of metreleptin treatment in lipodystrophy
patients over several years indicate an overall favourable safety profile (Section Error!
Reference source not found.).

An economic analysis has been performed using an individual patient model to compare
metreleptin with standard of care, adopting a lifetime horizon to capture short term health
related quality of life benefits associated with reduced symptoms and consequences, and
the long term quality of life and life years gained associated with slowing organ damage
progression. The model uses metreleptin single arm trial data and LD natural history data to
estimate treatment effect, and extrapolate benefits over the lifetime horizon. The patient
population consists of patients with GL and PL, and in the current submission is in line with
the currently expected licensed indication (which is still undergoing EMA review). Hence,
current expectations are for the following patient populations to be covered by the license:

e patients with congenital or acquired GL, in adults and children 6 years of age and
above;

e patients with familial or acquired PL, characterised by leptin level < 12 ng/ml with
triglycerides > 500 mmol/l and/or HbA1c > 8 %, in adults and children 12 years of
age and above uncontrolled on standard therapy.

Were this not to precisely represent the final license, Aegerion would update the economic
analysis to reflect the patient population covered by the final marketing authorisation. The list
price of metreleptin is £2,335 per 11.3mg vial (10mg dose), but as described below it is
intended to introduce small vial sizes which will be linearly priced in line with the 10mg dose.

Based on the results of the economic analysis and broader considerations Metreleptin
provides good value for money, generating high QALY gains and having a wider impact on
patients’ and caregivers’ lives beyond that quantified or captured by the QALY estimates
provided in this submission. The economic analysis presented in this submission uses a
number of alternative base cases, associated with multiple vial sizes for metreleptin
becoming available during the appraisal process, and the approval of the simple PAS that
Aegerion has submitted to PASLU. At marketing authorisation only a metreleptin 11.3 mg
vial will be available (delivering 10mg of drug), and at the current time the proposed PAS (a
simple price discount of ] on the list price) is still going through PASLU approval. Hence,
an initial base case using the 10mg dose, and list price is presented (BC1), and the
alternative base case for this vial size with proposed PAS price applied (BC2) is also
presented (see separate PAS based economic analysis submission). However, within 3
months of metreleptin launch two further vial sizes will be requested as part of the marketing
authorisation — providing 2.5mg and 5mg doses. As the starting dose of metreleptin is 2.5mg
for men, 5mg for women and is weight based for patients below 40kg, the availability of
these vial sizes will reduce drug cost and waste due to the price of these smaller vials being
linearly priced per mg in line with the 10mg dose. Hence, two further alternative base cases
are provided, based on the three vial sizes being available at list price, and with the PAS
discounted price being applied to each vial size (BC3 and BC4, respectively). The estimated
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incremental cost-effectiveness ratios (ICERs) with each of these alternative base cases are
provided in the table below. Ultimately, within the time frame of this HST appraisal, BC4 is
expected to become the only base case for decision making, as the three vials are fully
expected to be approved, and assuming approval of the simple PAS submitted to PASLU.
The ICER for BC4 is £342,908 per QALY gained with 8.11 QALYs gained estimated. The
ICER associated with a further variation on BC4 includes changes to model assumptions to
reflect utilities believed to be more reflective of patient experience than those in the base
case but less well supported by currently available data (£300,329/QALY, and QALY gain
close to 10 estimated — see BC4.1 in the table below).

Alternative base case ICERs for metreleptin vs. standard of care

ICER QALYs 5 year
Gained cumulative
budget impact
Base case, list price, single vial size (BC1) £1,340,457 £133,045,965
Base case, list price, multiple vial sizes (BC2) £684,009 £67,802,818

8.11
Base case, PAS price, single vial size (BC3) £671,132 e

Base case, PAS price, multiple vial sizes (BC4) £342,908

PAS price, multiple vial sizes, adjusted utility £300,329 9.37 Same as BC4
values (larger decrement for hyperphagia,
allowance for improvement in heart
abnormality) (BC4.1)

Key: BC, base case; ICER, incremental cost-effectiveness ratio; PAS, patient access scheme;
QALY, quality-adjusted life year

The ICER associated with base case BC4 represents a cost-effective use of NHS resources
for the treatment of indicated GL and PL patients due to a large QALY gain based on:

o The large improvement in quality of life and wellbeing through improvement of
distressing and debilitating symptoms, particularly hyperphagia, reduced organ
damage progression, and limitations on work and schooling;

o Improved survival linked to a reduction in organ damage progression.

However, it is likely that this does not fully quantify the direct QALY gains for patients, in
particular as the utility values are based on a discrete choice experiment conducted in 1,000
members of the public (Section 10.1.9 and Appendix 17.5), and so may not fully reflect the
patient experience and perspective. While this study shows concordance with existing
literature on the utility value of symptoms such as diabetes, it is likely to have significantly
underestimated the QoL impact of the unique symptoms experienced by lipodystrophy
patients, notably hyperphagia (Section 10.1.9 and the utility technical appendix). This greater
QoL impact is seen in feedback from actual patient interviews and testimonies (including
continuing survey work in the UK designed to capture the patient experience of living with
lipodystrophy and the benefits of metreleptin) (Section 7.1).
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It is also likely that the survival benefit could be underestimated, due to the nature of the
patient-level data currently available for metreleptin (and used in the model) as these
patients were more severe and with more advanced disease prior to treatment than would
be expected to be treated in the future in actual clinical practice in England and Wales
(Section 12.2.1). Early intervention can lead to substantial QALY gains by preventing or
slowing lipodystrophy’s devastating progression, for example in particular in young children
with congenital GL (Section 12.5.16). Value is expected to be especially strong among these
patients due to a) the lower doses needed to treat these patients in youth, and b) high
benefit of preventing the emergence of organ abnormalities and the progression of the
disease in these patients. Finally, the incremental quantifiable QALYs in these patients with
early treatment initiation result in QALY gained estimate of 12 or more 12.5.6.

A substantial level of unquantified health and non-health benefits are present, such as
improvements in the QoL of carers/families of children and adults with lipodystrophy as well
as benefits in improving school, study and work opportunities for the young/working age
profile of most patients (Section 10.1.15). In addition, there has as yet been no quantification
of the time spent in a caring role by family members, but this could be substantial based on
patient/carer feedback. Combining these factors, we believe the QALY gain associated with
health benefits for people affected, carers/family are likely to be well in excess of 10 QALYSs,
and would, if these additional factors were fully quantifiable, bring the ICER within the range
NICE have stated in updated 2017 interim method guidance as representing an acceptable
and cost-effective use of NHS resources . Overall, with also taking into account the wider
non-health benefits, metreleptin can be considered a cost-effective use of NHS resources
within the HST appraisal decision making framework.

Metreleptin is also likely to bring substantial service delivery improvements to the NHS within
a specialised service, and offer renewed hope for patients without a current effective
treatment option if it were not available. Metreleptin reimbursement would also ensure
continued access to those already benefiting under the current NHS service specification. As
a therapy used in some English patients for 10+ years through an early access programme
(and up to 19 years in other countries), the target population and treatment is well
understood. The benefits of metreleptin are large and have consistently been documented in
international studies (e.g., US pivotal trial) and in England (e.g. UK EAP patients
experienced similar HbA1c and TG benefits vs. the pivotal trial). In addition, the total budget
impact of metreleptin treatment is anticipated to be moderate at ||| ilin the first year,
with a cumulative five-year budget impact expected to be || ll(with PAS and the
availability of multiple vial sizes). This is based on the current number of patients accrued
over 10 years at Addenbrooke's (26) and the clinical experts' expectation of 6 new patients
per year (2 GL, 4PL) being identified as requiring treatment (Section 13.1 and Section 13.7).

Aegerion is committed to support lipodystrophy patients and the NHS. Aegerion has invested
heavily in the development, regulatory and commercial activities required to bring the
product to the European market. The successful development of metreleptin, including a
new, more patient friendly presentation is a key company focus. The evidence program to
support this submission is unusually extensive for an ultra-rare disease program led by a
small company, with a plethora of real-world outcomes studied and additional evidence
development continuing:
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Creation of the largest dataset characterising the natural history of lipodystrophy
when not treated with metreleptin:

Multi-centre international study;

First study to quantify impact of the disease on mortality and assess the patterns of
organ abnormalities/disease progression and its link with survival impairment;

o Comprehensive chart review effort with NIH experts to document the burden
of lipodystrophy and the benefits of leptin replacement therapy beyond A1c
and TG endpoints measured in pivotal trial;

Characterisation of impact on hyperphagia, organ abnormalities, female reproductive
dysfunction, schooling/work, etc;

Discrete choice experiment conducted with ~1,000 participants across the US and 5
largest European countries to characterize impact on quality of life;
Patient-level/transparent economic modelling (following guidelines).

The clinical evidence presented in this submission demonstrates the clinical efficacy and
safety of metreleptin, and cost-effectiveness has been demonstrated versus standard of
care. To ensure the cost-effectiveness, based on HST ICER criteria, and affordability of
metreleptin, Aegerion will provide the therapy at a cost-effective price for the NHS and have
proposed a PAS discount to achieve this.

In conclusion, lipodystrophy is a severe, life shortening condition where there is currently a
high unmet need for an effective treatment such as metreleptin that can improve patient and
carer/family quality of life, improve survival outcomes by slowing organ damage progression,
and improve societal outcomes.

Page 17 of 281



Section A — Decision problem

Section A describes the decision problem, the technology, ongoing studies,
regulatory information and equality issues. A (draft) summary of product
characteristics (SPC), a (draft) assessment report produced by the regulatory
authorities (for example, the European Public Assessment Report [EPAR] should be

provided.
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1

Statement of the decision problem

The decision problem is specified in the final scope issued by NICE. The decision problem states the key parameters that should be addressed

by the information in the evidence submission. All statements should be evidence based and directly relevant to the decision problem.

Table A1: Statement of the decision problem
Final scope issued by NICE Variation from scope in the Rationale for variation from scope
submission
Population People with generalised (GL) or | ® Patients with congenital or The original indication being sought from the EMA was as an

partial lipodystrophy (PL)

acquired GL

e A subgroup of patients with
familial or acquired PL,
exhibiting more severe
metabolic complications

e Patients with familial or
acquired PL

adjunct to diet as a replacement therapy to treat the
complications of leptin deficiency:

e in patients with congenital or acquired GL, in adults and
children 2 years of age and above

e in patients with familial or acquired PL, characterised by
leptin level <12 ng/ml with triglycerides =5.65 mmol/l
and/or HbA1c 26.5%, in adults and children 2 years of
age and above uncontrolled on standard therapy

Clinical efficacy and safety data from the clinical trials
included a subgroup of PL patients related to the original
indication, in addition to all eligible PL and GL patients.

Of note, the definition of the PL subgroup and the age
thresholds is currently under discussion in the regulator
process and is likely to change prior to approval.

The following indication is based on Day 180 questions:

e in patients with congenital or acquired GL, in adults and
children 6 years of age and above;

e in patients with familial or acquired PL, characterised by
leptin level <12 ng/ml with triglycerides =5.65 mmol/l
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Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation from scope

and/or HbA1c 28%, in adults and children 12 years of age
despite optimised standard treatment.

The economic analysis includes the latest potential indication.

Intervention Metreleptin No variation N/A
Comparator(s) Established clinical No variation N/A
management without
metreleptin (including diet and
lifestyle modifications, lipid
lowering drugs and medications
for diabetes)
Outcomes The outcome measures to be The outcome measures Despite their prevalence, availability and potential impact of

considered include:

e improvement in metabolic
abnormalities

e liver function (including
cirrhosis)

e glucose control and
diabetes (including
complications of diabetes
and need for diabetes
therapies)

o satiety
e pancreatitis
e use of other drugs

e organ damage including
heart and kidneys

e growth and development

considered in the cost
effectiveness assessment base
case include:

e improvement in metabolic
abnormalities (e.g.
triglycerides)

e liver function (including
cirrhosis)

e glucose control and diabetes
e satiety / hyperphagia
e pancreatitis

e organ damage to liver, heart
and kidneys

e reproductive dysfunction

e mortality (linked to level of
organ abnormalities)

metreleptin, additional outcomes such as organ abnormalities,
ability to perform work/schooling were not formally captured in
the metreleptin clinical trials:

To remedy this, Aegerion commissioned a large effort to
collect the experience of lipodystrophy, both when untreated
(Natural History) and when treated (NIH Follow up Study).
The information gathered represents both a step-change in
the understanding of the long-term consequences (e.g. in
terms of organ abnormalities and mortality) of lack of
adequate treatment for lipodystrophy patients, the breadth of
the burden on lipodystrophy patients, and the benefits of
metreleptin therapy in these patients.

Some potentially important outcomes were not included in the
cost effectiveness analyses due to insufficient data sources,
and will be the focus of future research.
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Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation from scope

e reproductive dysfunction

e infection

e mortality

e adverse effects of treatment

health-related quality of life (for
patients and carers; including
effects on appearance)

adverse effects of treatment

Ability to perform school or
work

health-related quality of life (for
patients and carers; including
effects on appearance)

Other outcomes considered but not
included in cost effectiveness
assessment base case

improvement in other
metabolic abnormalities (e.g.
beyond triglycerides)

use / discontinuation of other
drugs (including diabetes
therapies such as insulin)

organ damage beyond liver,
heart and kidneys

growth and development
infections

direct mortality benefit of
treatment (e.g. beyond impact
on organ abnormalities)

Anxiety/depression

Chronic pain and muscle
spasms

Complications of diabetes
including retinopathy,

Potential adverse effects of treatment such as hypoglycaemia,
the development of neutralising antibodies, and lymphoma
were considered and their impact on patient preferences were
assessed. However, due to the lack of robust information on
their (low) prevalence and the incremental role of metreleptin
on their occurrence, their impact was not included in the base
case cost effectiveness analyses.
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Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation from scope

neuropathy, and amputation
(e.g. toes, limb)

e Impact on family and
caregivers including ability to
perform work

e adverse effects of treatment
Female infertility

Subgroups to be | If the evidence allows, Subgroups included in the model N/A
considered subgroups according to whether | were identified based on the
the lipodystrophy is generalised | labelled indication. The following
or partial, or congenital or subgroups were included in the
acquired, and according to the economic analysis: GL; PL; CGL;
presence of complications all NIH patients including those
associated with lipodystrophy who do not meet the label
(including diabetes and indication
hypertriglyceridemia) will be
considered.
Nature of the ¢ Disease morbidity and No variation N/A

condition

patient clinical disability
with current standard of
care

e Impact of the disease on
carer’s quality of life
Extent and nature of current

treatment options
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Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation from scope

Costtothe NHS | e Cost effectiveness using No variation N/A
and PSS, and incremental cost per
Value for Money quality-adjusted life year
e 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 e Whether there are No variation N/A

technology
beyond direct
health benefits,
and on the
delivery of the
specialised
service

significant benefits other
than health

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

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

e 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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Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation from scope

Special
considerations,
including issues
related to
equality

¢ Guidance will only be
issued in accordance with

the marketing authorisation.

Guidance will take into account
any Managed Access
Arrangements

No variation

N/A

Abbreviations: EMA, European Medicines Agency; HbA1c, glycated haemoglobin; GL, generalised lipodystrophy; LD, lipodystrophy; N/A, non-applicable; NICE, National

Institute for Health and Care Excellence; NHS, National Health Service; PL, partial lipodystrophy; PSS, personal social services
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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: Myalepta
Approved name: Metreleptin

Therapeutic class:  Other alimentary tract and metabolism products,
amino acids and derivatives, ATC code: A16AA07(1)

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

Lipodystrophy (LD) is a rare, heterogeneous group of disorders characterised by
partial or general absence of adipose tissue (fat cells).(2) Because of the loss of
adipose tissue, levels of the adipocyte-secreted hormone leptin are very low.(3)
Leptin is a naturally occurring, adipocyte-derived hormone and an important regulator
of energy homoeostasis, fat and glucose metabolism, reproductive capacity, and
other diverse physiological functions.(4, 5)

Metreleptin is a leptin replacement therapy administered to address the effects of
leptin deficiency in the population of LD patients with low leptin levels. It is a
recombinant human leptin analogue produced in Escherichia coli cells by
recombinant DNA technology to form recombinant methionyl-human leptin.(1)

Metreleptin mimics the physiological effects of leptin by binding to and activating the
human leptin receptor, which belongs to the Class | cytokine family of receptors that
signals through the JAK/STAT transduction pathway.(1)

There are currently no structurally similar drugs. Metreleptin is the first treatment that
targets the mechanism underlying the metabolic abnormalities of LD, namely leptin
deficiency.

2.3 Please complete the table below

Table A2: Dosing Information of technology being evaluated
Pharmaceutical formulation Powder for solution for injection (white
lyophilised cake or powder).
Method of administration Subcutaneous injection (self-administration)
Doses The recommended daily dose of metreleptin
is based on body weight, with a starting
daily dose of:

Males and females <40 kg: 0.06 mg/kg
(injection volume: 0.012 ml/kg)

Males >40 kg: 2.5 mg (0.5 ml)
Females >40 kg: 5 mg (1 ml)
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Dosing frequency Once daily

Average length of a course of treatment Not applicable; long-term chronic therapy
given once daily

Anticipated average interval between Not applicable; long-term chronic therapy

courses of treatments given once daily

Anticipated number of repeat courses of Not applicable; long-term chronic therapy

treatments given once daily

Dose adjustments? Based on clinical response (e.g. inadequate

metabolic control) or other consideration
(e.g. tolerability issues, excessive weight
loss especially in paediatric patients), the
dosage may be decreased, or increased to
the maximum dosage of:

Males and females <40 kg: 0.13 mg/kg
(0.026 ml/kg)

Males >40 kg: 10 mg (2 ml)
Females >40 kg: 10 mg (2 ml)

@ Language on adjustments may change in the final SmPC, based on D157 regulatory feedback
received in November 2017

Source: Draft Summary of Product Characteristics (SmPC) (1)

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).

As an orphan drug, metreleptin is being reviewed under a full centralised procedure
by the European Medicines Agency (EMA). A positive opinion from the Committee for
Medicinal Products for Human Use (CHMP) is expected in February 2018. The
original sought after indication is as follows (1):

“Myalepta is indicated as an adjunct to diet as a replacement therapy to treat the

complications of leptin deficiency:

e in patients with congenital or acquired generalised lipodystrophy, in adults and
children 2 years of age and above

e in patients with familial or acquired partial lipodystrophy, characterised by leptin
level <12 ng/ml with triglycerides 25.65 mmol/l and/or HbA1c 26.5%, in adults and
children 2 years of age and above uncontrolled on standard therapy.”

While the severity and burden of LD is consistently high among patients with
generalised LD (GL), the presentation of partial LD (PL) is more heterogeneous, with
some patients exhibiting more severe metabolic complications. The indication being
sought within PL includes the group of patients with more severe metabolic
abnormalities regardless of standard treatment and lower leptin levels (referred to as
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the PL subgroup hereafter). Clinical efficacy and safety data from the clinical trials
included a subgroup of PL patients related to the original indication, in addition to all
eligible PL and GL patients.

However, it should be noted that the precise characterisation of the PL subgroup and
the age thresholds are currently under discussion in the regulatory process, The
following potential indication is based on Day 180 questions:

¢ in patients with congenital or acquired GL, in adults and children 6 years of age
and above

¢ in patients with familial or acquired PL, characterised by leptin level <12 ng/ml
with triglycerides 25.65 mmol/l and/or HbA1c 28%, in adults and children 12
years of age despite optimized standard treatment.

The final indication will not be known in time for the submission of the dossier but
Aegerion will keep NICE updated. The economic analysis includes the latest potential
indication.

3.2 If the technology has not been launched, please supply the
anticipated date of availability in the UK.

Metreleptin will be commercially available in England upon regulatory approval,
anticipated to be May 2018.

3.3 Does the technology have regulatory approval outside the UK? If
so, please provide details.

Metreleptin was approved by the Food and Drug Administration (FDA) in the United
States (US) in 2014, where it is indicated as an adjunct to diet as replacement
therapy to treat the complications of leptin deficiency in patients with congenital or
acquired GL.(6) Metreleptin was also licensed in Japan in March 2013 for the
treatment of LD (both GL and PL) to the pharmaceutical company Shionogi based on
a study conducted by Shionogi.(7) It is available in other parts of the world (e.g.
countries in Europe) through an Early Access Programme (EAP), including in
England (see Section 3.4 and Section 8.1).

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

Metreleptin has not been launched in the UK. However, as part of the EAP, treatment
with metreleptin in England is currently provided by a single centre at Addenbrooke’s
Hospital which is part of Cambridge University Hospitals (CUH) National Health
Service (NHS) Foundation Trust, where there is a service specification
(AO3/S(HSS)/b) in place.(8) The service specification is for insulin resistant diabetes,
which covers severe LD and includes the use of leptin replacement for severe LD
and low leptin levels, but excludes the cost of the drug. (8) The service specification
is for insulin resistant diabetes, which covers severe LD and includes the use of
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leptin replacement for severe LD and low leptin levels, but excludes the cost of the
drug. More details of the service specification are provided in Section 8.1.

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

Table A3 presents the completed and ongoing studies of metreleptin in patients with
LD.

The clinical development programme for metreleptin includes the following completed
interventional clinical trials:

Study NIH 991265/20010769 (NCT00025883): Pivotal, open-label, single arm,
clinical study to assess the efficacy and safety of metreleptin conducted at the US
National Institutes of Health (NIH).

Study FHA101 (NCT00677313): An open-label, expanded-access trial with the
primary objective to provide metreleptin under a treatment Investigational New Drug
(IND) protocol to patients with LD, while establishing the long-term clinical
effectiveness and safety as a secondary objective.

Data from the pivotal trial forms the basis of the EMA submission, with study FHA101
as supportive evidence. These frials were identified in the clinical systematic
literature review (SLR) and form the basis of the clinical efficacy and safety of
metreleptin.

In addition, there are ongoing observational studies involving patient experience with
LD and treatment with metreleptin, including:

o Aretrospective chart review study of 112 patients treated with metreleptin at
the NIH, including patients enrolled in the pivotal clinical trial described above.
The NIH Follow-Up study has allowed for consideration of longer history and
follow-up across a range of outcomes not fully studied in the clinical trial.
While the retrospective and observational nature of this single-arm study is
acknowledged, a wealth of information about these patients' experiences with
LD both before and after initiation with metreleptin has been reported,
including outcomes such as hyperphagia, female reproductive dysfunction,
damage to key organ systems, and death, as well as trial-reported outcomes
such as leptin, triglyceride, and HbA1c levels. Data from this study has been
used to inform the economic model;

e The metreleptin EAP is allowing for collection of data in a cohort of patients in
Europe, with a total of 76 patients currently receiving treatment in 10
countries. For a subset of the enrolled patients, including 21 in the United
Kingdom (UK) and 52 others in Spain, Italy, France, Germany, and the
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Netherlands, some of whom initiated metreleptin over a decade ago, analysis
of patient history and experience with metreleptin is being conducted. Data
are being collected to match key clinical trial endpoints (e.g., triglycerides,
HbA1c) and also covering a wide array of additional disease characteristics
such as hyperphagia, female reproductive dysfunction, and damage to organ
systems. The EAP is a single-arm observational study with recognised
limitations associated with a lack of internal control but provides rich data on a
significant fraction of LD patients in relevant countries, particularly the UK,
over a period of multiple years. Data from an interim analysis is expected in
Q1/Q2 2018;

The GL/PL Natural History study is a retrospective, observational chart review
study of LD patients from multiple sites in several countries (US, Turkey,
Brazil). A total of over 175 patient histories have been evaluated to date,
some with records covering >10 years. These patients have been treated with
standard of care therapy and have not received metreleptin. The long
duration of data availability as well as the large number of patients (in the
context of an ultra-orphan disease) provides insight into the natural history of
disease in LD. Data extracted from charts includes disease attributes such as
levels of leptin, triglyceride, and HbA1c, appearance and progression of organ
damage, female reproductive dysfunction, and death. Data from the natural
history study has been used to describe the disease in Section B, and to
inform the economic model.
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Table A3:

Completed and ongoing metreleptin studies

Study name

Intervention

Population

Objectives

Status

Primary
study
reference

NIH
991265/20010769
(integrated dataset)

NCT00025883

Metreleptin

N=107 (GL=66; PL=41; PL subgroup? =31)

To evaluate the safety and efficacy of metreleptin in
children and adults

Primary endpoint: change from baseline in HbA1c and
serum triglycerides at Month 12

Plasma glucose, liver volume, other lipid parameters,
free fatty acids, and liver function tests were also
evaluated as efficacy parameters

Completed

CSR(9)

FHA101

(Expanded Access
Program in the US)

NCT00677313

Metreleptin

N=41 (GL= 9; PL=32; PL subgroup® =7)

To provide metreleptin under a treatment protocol to
patients with LD that is associated with diabetes
mellitus and/or hypertriglyceridaemia, and to evaluate
the long-term safety and efficacy of metreleptin

Primary endpoint: change from baseline in HbA1c and
serum triglycerides at Month 12

Plasma glucose and liver function tests were also
evaluated as efficacy parameters

Completed

CSR(10)

NIH Follow-Up study
(chart review)

Metreleptin

N=112 (including patients previously
enrolled in the pivotal trial)

To evaluate disease status prior to metreleptin initiation
and outcomes following metreleptin therapy including
pivotal trial outcomes (leptin, HbA1c, triglycerides) and
other LD-related conditions including hyperphagia and
organ damage.

On-going

Data on file

Metreleptin EAP

Metreleptin

Currently, 76 patients with GL and PL are
being treated with metreleptin as part of the
EAP. The data being collected and analysed
include a set of 73 patients in 6 EAP
countries - UK, Italy, Spain (Phase 1),
France, Germany, Netherlands (Phase II).

To assess the impact of metreleptin therapy on GL and
PL patients who are participating in or have
participated in the EAP programme overall and for
each country, using a retrospective analysis of EAP
patient data collected anonymously from individual
EAP sites.

The study has three specific objectives:

1. Describe the burden of GL/PL prior to metreleptin
initiation

On-going -
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Study name Intervention | Population Objectives Status Primary
study
reference

2. Describe patterns of metreleptin use after initiating
therapy

3. Describe the impact of metreleptin on patient health,
such as organ damage and metabolic status measures
such as HbA1c and triglyceride levels, associated with
the severity of GL and PL

GL/PL Natural Usual care N=178 GL and PL patients treated at the The study has three specific objectives: On-going Data on file
History Study NIH, the University of Michigan and Dokuz 1. To describe the demographic and clinical

Eylul University (Turkey). All patients are characteristics of patients with GL and PL
metreleptin-naive. 2. To describe the overall survival of patients with GL
and PL and assess the association of disease severity
markers (i.e., elevated glucose, triglycerides, low leptin
levels) with survival

3. To describe the extent to which patients experience
burden (e.g., organ damage and disease progression)
associated with GL and PL and assess the impact of
disease severity markers

Abbreviations: CSR, clinical study report; EAP, Early Access Programme; HbA1c, glycated haemoglobin; GL, generalised lipodystrophy; LD, lipodystrophy; NIH, National
Institute of Health; PL, partial lipodystrophy A PL subgroup, the original sought after indicated population for patients with PL i.e leptin level <12 ng/ml with triglycerides
25.65 mmol/l and/or HbA1c 26.5%
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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 ongoing.

5 Equality

NICE is committed to promoting equality of opportunity and eliminating unlawful
discrimination on the grounds of age, disability, gender reassignment, race, religion
or belief, sex, and sexual orientation, and to comply fully with legal obligations on

equality and human rights.

Equality issues require special attention because of NICE’s duties to have due regard
to the need to eliminate unlawful discrimination, promote equality and foster good
relations between people with a characteristic protected by the equalities legislation

and others.

Any issues relating to equality that are relevant to the technology under evaluation

should be described.

Further details on equality may be found on the NICE website

(http://www.nice.org.uk/aboutnice/howwework/niceequalityscheme.jsp).

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

¢ 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.

No equality issues are anticipated for the appraisal of metreleptin.

5.2 How will the submission address these issues and any equality
issues raised in the scope?

Not applicable.
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Section B — Nature of the condition

6 Disease morbidity

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.

6.1.1 Disease overview

LD syndromes are clinically heterogeneous inherited or acquired ultra-rare disorders
characterised by selective but variable loss of adipose tissue, primarily subcutaneous
fat.(2, 11) The disease is associated with severe neuro-endocrine and metabolic
abnormalities which lead to increased morbidity and mortality, as well as impaired
quality of life (QoL).(2, 5)

The loss of subcutaneous adipose tissue in patients with LD can range from partial to
more generalised.(2) Due to the loss of subcutaneous adipose tissue, levels of the
adipocyte-secreted hormone leptin are very low.(3) Leptin is a naturally occurring,
adipocyte-derived hormone and an important regulator of diverse physiological
functions such as energy homoeostasis, fat and glucose metabolism and
reproductive capacity.(4, 5) The leptin deficiency observed in patients with LD may
result in a significant reduction in the ability to regulate hunger and energy
metabolism, as well as dysfunction in glucose and fat metabolism.(12)

LD syndromes are classified by aetiology, i.e., genetic or acquired, and by
distribution of subcutaneous adipose tissue deficiency, i.e., generalised (occurring in
a diffuse fashion) or partial (restricted to regional anatomical subcutaneous adipose
depots), leading to 4 main categories: congenital generalised LD (CGL), acquired
generalised LD (AGL), familial partial LD (FPL) and acquired partial LD (APL).(2)

6.1.1.1 Generalised lipodystrophy

GL is associated with neuro-endocrine and metabolic derangements resulting in a
plethora of severe comorbidities.(2) Soon after birth, patients with CGL (also known
as Berardinelli-Seip syndrome) demonstrate insatiable hunger and accelerated linear
growth rates, but reduced subcutaneous adipose tissue (Table B4).(13) Additionally,
they may have prominent muscles, phlebomegaly, acanthosis nigricans,
hepatomegaly and umbilical prominence.(2) The lack of subcutaneous adipose tissue
leads to a leptin deficiency and a lack of energy storage capacity with consecutive
ectopic fat accumulation in patients.(14) The leptin deficiency leads to an inability of
the hypothalamus to regulate hyperphagia resulting in insatiable hunger and an
increased food intake.(15) The fat deposition is associated with severe insulin
resistance and hypertriglyceridemia which negatively impacts the function of the liver,
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skeletal muscle, kidneys, heart and pancreas.(2) Multiple genetic causes have been
identified, each with unique clinical features.(2)

AGL, also known as Lawrence syndrome, is more common in females
(females:males, 3:1) and appears usually before adolescence (but may develop at
any time in life) with progressive loss of fat affecting the whole body including palms
and soles (Table B4).(16) AGL shares many features with CGL, including severely
reduced subcutaneous adipose tissue and its associated complications.(13)
Approximately 25% of AGL cases are associated with panniculitis, 25% with
autoimmune disease, and 50% are of idiopathic origin.(17) Autoimmune disorders
that have been associated with AGL include juvenile-onset dermatomyositis,
rheumatoid arthritis, systemic lupus erythematosus, and Sjégren syndrome.(18)

Table B4: Essential features of GL

Type CGL

Adipose

tissue O O

dIStrIbUtlon Loss of fat Loss of fat
Loss of fat probable Loss of fat probable
Loss of fat possible Loss of fat possible

Mean age 0.3 years (range 0-12) 5 years (range 0-15)

of onset

Male:female | 1:1-2 1:3

ratio

Essential Near complete lack of Similar, but with progressive

characteristi | adipose tissue loss of fat (later age of onset)

cs and no family history

Abbreviations: AGL, acquired generalised lipodystrophy (Lawrence syndrome); CGL, congenital

generalised lipodystrophy (Berardinelli-Seip syndrome); GL, generalised lipodystrophy

Source: Handelsman, 2013 (19); Brown, 2016 (2); Gupta, 2017 (16)
6.1.1.2 Partial lipodystrophy

Similarly, PL can be categorised as genetic/familial or acquired.(2) The various forms
of FPL are extremely rare.(13) Numerous genetic mutations have been identified for
FPL including the LMNA gene in familial PL type 2 (FPLD2).(20) The most prevalent
form of FPL is FPLD2, also known as the Dunnigan-Variety.(13) FPLD2 develops
during puberty, resulting in gradual atrophy of subcutaneous fat in the extremities
followed by fat loss in the anterior abdomen and chest, giving the appearance of
increased muscularity (Table B5).(13) Patients also have fat accumulation in the
face, neck, and intraabdominal areas, causing a Cushingoid appearance.(21)
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APL, also known as Barraquer-Simons syndrome, typically has a childhood or
adolescent onset (Table B5). APL is distinguishable from other LD syndromes by the
unique cephalocaudal progression of subcutaneous fat loss that is observed.(13)
Subcutaneous adipose tissue loss begins in the face and subsequently spreads to
the neck, upper extremities, thorax and abdomen.(13) The lower extremities, lower
abdomen and gluteal region do not exhibit lipoatrophy but rather accumulate excess
adipose tissue.(13) With the exception of hepatomegaly, metabolic complications are
rarely seen in association with APL.(22)

Table B5: Essential features of PL
Type FPL
Adipose tissue -,
distribution lial partial | l
nigantype 4 \ O o ™ O
{ ) Loss of fat j L Loss of fat
/JE\ © Jm!  ©
. '\‘ 1ss of fat probabld § \ (o \‘r Loss of fat probablg
( ‘ | \. »ss of fat possible | Loss of fat possible
Al @ @
& & Fat sparing Fat sparing
Mean age of 9.9 years (range 0-16) 8.2 years (range 0.5-16)
onset
Male:female 1:1-2 1:4-5
ratio
Essential Regional loss of adipose tissue, Gradual loss of adipose tissue from
characteristics usually around puberty, may head downwards, fat accumulation
resemble obesity or Cushing’s around the hips, buttocks, legs
Syndrome
Abbreviations: APL, acquired partial lipodystrophy (Barraquer-Simons syndrome); FPL,
familial partial lipodystrophy (Dunnigan type or Kébberling type); PL, partial lipodystrophy

Source: Handelsman, 2013 (19); Brown, 2016 (2); Gupta, 2017 (16)

Patients with PL have variable fat loss, and their leptin levels can range from low to
normal.(23) They show a more heterogeneous disease profile than patients with GL,
with an increased variability in the severity of metabolic abnormalities. The expected
indication for metreleptin in PL patients (and therefore the focus of this dossier)
includes the group of patients with more severe metabolic abnormalities regardless
of standard treatment and lower leptin levels, the final criteria for which is yet to be

defined.(1)

6.1.2 Underlying course of the disease

A schematic of the disease course of GL and PL is shown in Figure B1.
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Figure B1: The disease course of (A) GL and (B) PL

(A)
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Abbreviations: , generalised lipodystrophy; HRQoL,health-related quality of life; PCOS, polycystic ovary
syndrome; PL, partial lipodystrophy

* In PL patients, disease burden is especially high in a subset of patients with PL with more severe
metabolic abnormalities

Source: Aegerion, created from expert input and a review of the literature

The disease drivers are loss of adipose tissue, together with the resultant leptin
deficiency. Subcutaneous adipose tissue loss is a primary feature of LD, regardless
of the subtype. CGL patients have a complete lack of adipose tissue from birth or
infancy (
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Figure B1A).(2) FPL is characterised by subcutaneous adipose tissue loss in the
limbs, buttocks and hips (

Figure B1B).(21) Leptin is primarily produced by white adipose tissue and correlates
positively with body fat, reflecting the number of energy stores.(24) Via a complex
neural circuit, leptin promotes satiety (the feeling of feeling full), leading to decreased
food intake.(25) Leptin also acts peripherally to decrease gluconeogenesis in the liver
and adipose tissue and to increase glucose utilisation in skeletal muscle by activating
signalling pathways which overlap with, but are not identical to, those of insulin.(26)
Finally, leptin may protect peripheral tissues from lipotoxicity by stimulating fatty acid
oxidation, as it has been shown to reduce intrahepatic and intra muscular lipid
accumulation.(27) A deficiency in leptin can therefore result in insatiable hunger,
increased gluconeogenesis and reduced fatty acid oxidation.

Hyperphagia caused by leptin deficiency leads to increased food intake resulting in
ectopic fat accumulation and organ steatosis in patients with LD. This is particularly
evident in the liver, kidneys, skeletal muscle, heart and pancreas, where lipid
deposits impact the functioning of the organs.(13) The liver becomes a major
repository for excess triglycerides beyond a normal range in volume which results in
hepatic steatosis and steatohepatitis.(21)

Hypertriglyceridemia is often severe in patients with GL and PL (with serum
triglycerides often elevated in the range of 1,000 mg/dL [11.29 mmol/L] compared
with normal levels of 150 mg/dL [1.69 mmol/L]).(28) This elevated level is not readily
amenable to treatment with conventional lipid-lowering agents, predisposing patients
to serious conditions such as acute pancreatitis, which can be life-threatening. In
addition, elevated triglyceride levels are also a known risk factor in cardiovascular
disease.(29) A prospective cohort study of 13,981 people in the general population in
Denmark followed from baseline (1976-1978) until 2004 found that the risk of
myocardial infarction, ischaemic heart disease and death was significantly increased
with every 1 mmol/L increase in triglyceride levels.(29)

The accumulation of ectopic fat throughout the body is associated with severe insulin
resistance in patients. Insulin resistance leads to a host of conditions including
diabetes, hypertriglyceridemia, polycystic ovarian syndrome (PCOS), and non-
alcoholic fatty liver disease (NAFLD).(2) Severe insulin resistance results in the
development of hyperglycaemia, which can be measured by HbA1c. In the healthy
population HbA1c levels are less than 6%, while with patients with LD HbA1c levels
can be in excess off 8.5%.(30, 31) A diagnostic indicator of diabetes is HbA1c levels
of greater than 6.5%.

6.1.3 Disease morbidity and mortality

The disease course of GL and PL leads to severe morbidity for patients, with multi-
organ involvement from an early age (Figure B2). Metabolic abnormalities lead to a
host of co-morbidities, many of which are life-threatening.(16, 32-35) The severe

metabolic abnormalities associated with GL occur at a young age and may result in
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premature diabetic nephropathy, retinopathy, cardiomyopathy, recurrent attacks of
acute pancreatitis, hepatomegaly, and organ failure.(19, 34)

Akinci et al. described the natural history of patients with CGL based on the Turkish
Lipodystrophy Study Group.(32) The study highlighted the early onset of severe
metabolic complications in these patients. As a consequence, these patients also
develop end-organ complications resulting in cirrhosis and end-stage renal disease
(ESRD) requiring organ transplantation. Additionally, the risk of premature death due
to cardiovascular disease was high in these patients.(32)

Lima et al. reported on patients with CGL who were followed over 17 years at a
single centre.(35) Over two-thirds of patients had diabetes with onset in the teenage
years; mean duration of diabetes in the overall group was 12 years. Almost half of
the patients were on insulin.(35)

Figure B2: The metabolic complications and disease burden of GL and PL

Clinical Characteristics Serious Comorbidities

Hvperohagia e G . + Cardiovascular disease
yperphag and heart failure

Hypertriglyceridemia &l \
ypertay $ g % """""" ] * Cirrhosis and liver failure

------ + Acute pancreatitis

........ + Kidney disease and renal
failure

Reproductive
dysfunction (e.g.
PCOS, hypogonadism)

............... + Proteinuric
T """" nephropathies

Abbreviations: GL, generalised lipodystrophy; PCOS, polycystic ovary syndrome; PL, partial
lipodystrophy

Source: Handelsma,n 2013 (19); Brown, 2016,(2); Gupta, 2017,(16); Garg, 2011 (34)
6.1.3.1 Micro- and macro-vascular complications

Elevated triglyceride and ectopic fat distribution contribute to micro- and macro-
vascular complications. Elevated triglyceride levels are a known risk factor for
cardiovascular disease. In the Copenhagen City Heart Study, which was initiated in
1976 and has followed 19,329 subjects, each 1 mmol/L increase in triglycerides is
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associated with a 40% increase in risk for myocardial infarction, a 25% increase in
risk for ischemic heart disease, and an 18% increase in risk of death in women, and
16%, 12%, and 10% increased risks, respectively, in men, when adjusted for age and
HDL-C.(29)

Cardiomyopathy has been reported to occur in 20% to 55% of patients with GL and is
a significant cause of morbidity from cardiac failure and early mortality at
approximately age 30 years.(36) Many patients with FPL die of coronary heart
disease or cardiomyopathy and rhythm disturbances.(34) Cardiovascular
complications occur with increased prevalence and earlier onset in patients with FPL,
with atherosclerotic vascular disease occurring in 45% to 53% of females with FPL
compared with 0% to 15% of unaffected family controls in two separate studies.(37,
38) The rate of hospitalisation for coronary artery bypass grafting in patients with FPL
was approximately 3 orders of magnitude higher than that in the general population
for the same age range and gender (1 in 3.75 vs. 1 in 7,350).(37)

6.1.3.2 Renal failure and pancreatitis

Severe insulin resistance leads to patients with GL and PL developing acute
pancreatitis, cirrhosis, ESRD requiring renal transplantation and blindness due to
diabetic retinopathy.(34) Chronic renal disease and membranoproliferative
glomerulonephritis (MPGN) can occur in patients with GL and PL due to
longstanding, suboptimal controlled diabetes. Approximately one-fifth of patients with
APL will develop MPGN,(34) which can be fatal in some patients.(22)

Additionally, one of the primary concerns with hypertriglyceridaemia, especially when
triglyceride levels exceed 1,000 mg/dL (11.29 mmol/L), is the risk for acute
pancreatitis which can be life-threatening with a high mortality rate of 40% to over
50% when accompanied by complications like infection or organ failure. In the pivotal
study NIH 991265/20010769, 31% of patients reported a history of pancreatitis (33 of
107).(31)

6.1.3.3 Liver disease

Ectopic fat distribution leads to complication in the functioning of the liver, with
cirrhosis and NAFLD being associated with GL and PL.(2) Liver failure,
gastrointestinal haemorrhage, hepatocellular carcinoma have also been identified as
major cause of mortality amongst patients with GL and PL.(2, 34)

In a review of 79 patients with AGL, 84% had hepatomegaly, which can progress to
steatohepatitis, cirrhosis, and liver failure.(22) In this review, 60% of patients with
AGL had elevated alanine aminotransferase (ALT) levels, mostly due to hepatic
steatosis or steatohepatitis.(22) Non-alcoholic steatohepatitis (NASH) is highly
prevalent in patients with LD,(21) and there are no treatment options current
available to treat this condition.
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6.1.3.4 Insatiable hunger and hyperphagia

Low leptin levels act on the brain as a starvation signal, and therefore patients with
LD tend to have insatiable hunger and hyperphagia. Hyperphagic LD patients have a
constant feeling of starvation — they cannot stop eating, waking up to eat, and are
constantly fighting for food.(39) Reflecting that the need for food (response to
hunger) is one of the most basic of human needs (40), hyperphagia significantly
impacts the QoL of affected individuals and also their families/carers (see Section
7.1).

As described, hyperphagia is also a key driver of the morbidity associated with LD
(Section 6.1.2; Figure B2). Patients with LD cannot store excess calories in their
adipose tissue, and instead they are deposited as ectopic fat in the liver and muscle,
causing severe insulin resistance, diabetes mellitus, hypergtriglyceridaemia, and
steatohepatitis.(13, 21)

Hyperphagia also impacts on the treatment and management of LD. Patients must
undergo diet modifications to manage the metabolic complications underlying the
disease, however dietary restriction may be challenging to achieve in some patients
due to hyperphagia.(2, 39) In addition, in children food restriction must be balanced
by requirements for growth.(2) Furthermore, current conventional therapies used in
the management of LD have no effect on the insatiable hunger and the hyperphagia,
and there is therefore a high unmet need for an effective treatment of this key aspect
of the disease.

6.1.3.5 Fatigue and pain

Patients may also experience fatigue and pain due to the metabolic anomalies as
part of the disease course. In a review of 16 case reports of patients with AGL
treated at a single treatment centre in the US, patients presented with pain at diverse
sites. While no quantitative data were gathered, pain was reported in knee joints,
abdomen, calf muscle and skin by one patient each.(17) The cases noted that the
diverse pain could be attributed to a number of different underlying causes in the LD
disease course. For example, one patient presented with pain in the calf muscle,
which was suggestive of intermittent claudication. Another patient developed painful
skin lesions over her legs and thighs alongside abdominal pain. An additional patient
had pain in both knee joints, while loss of plantar fat in the feet was associated with
the development of “painful” callosities, which limit movement.(17) In addition, one
patient reported general fatigue in these patient case reports.(17) Abdominal pain
has also been reported by patients with GL and PL, which can be attributed to
hypertriglyceride levels in patients.(41)

6.1.3.6 Physical appearance

The partial and generalised loss of subcutaneous fat as well as the fat abnormal fat
distribution can have marked effect on the physical appearance of patients with GL
and PL. In CGL, patients may have prominent muscles, phlebomegaly, acanthosis

nigricans, and umbilical prominence.(2) In Error! Not a valid bookmark self-
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reference. the patient, a 33-year old Hispanic female with CGL, has generalised loss
of subcutaneous fat with acanthosis nigricans in the axillae and neck. The patient
also has umbilical prominence and acromegaloid features (enlarged mandible,
hands, and feet).(2)

In AGL, in addition to the physical appearance of CGL, patients may have severely
reduced adipose tissue loss from the palms, soles, and intraabdominal area.(13) In
Error! Not a valid bookmark self-reference., the patient had severe loss of
subcutaneous fat with marked acanthosis nigricans in the neck, axillae and groin.(2)

Figure B3. The physical appearance of (A) a 33-year old female with CGL and (B) 8-
year old male with AGL

Abbreviations: AGL, acquired generalised lipodystrophy; CGL, congenital generalised lipodystrophy

Source: Brown, 2016 (2)
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The loss of subcutaneous adipose tissue in FPL can affect the appearance of the
limbs, buttocks and hips. Additionally, excess fat accumulation, which varies by FPL
subtype, may result in a Cushingoid appearance (including facial roundness).(2) In
Figure B4A, the patient is a 26-year old female with FPL of the Dunnigan subtype.
The patient has marked fat loss of subcutaneous fat from the upper and lower
extremities and accumulation of fat in the face and chin.(2) The distinguishing
physical features of APL include cephalocaudal progression of fat loss. Fat loss
begins in the face and subsequently spreads to the neck, upper extremities, thorax
and abdomen. In Figure B4, the patient, a 45-year-old female with APL (Barraquer-
Simons syndrome), had marked loss of subcutaneous tissue from the face, neck,
upper extremities, and chest but had increased fat accumulation in the lower
extremities.(2)

Figure B4: The physical appearance of (A) a 26-year old female with FPL and (B) a
45-year old female with APL

Abbreviations: APL, acquired partial lipodystrophy; FPL, familial partial lipodystrophy
Source: Brown, 2016 (2)
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6.1.3.7 Depression and neurological affects

The disease course of LD may have negative consequences for patients’
psychological health. Physical dysmorphia, insatiable hunger and hyperphagia,
infertility, fatigue and pain may contribute to depression in patients. In a survey of LD
experts in Europe, depression was considered to be of clinical importance and,
anecdotally, occurs at a medium-high frequency amongst patients with GL and
PL.(42)

Physical dysmorphia due to LD has been shown to contribute to the psychological
distress of patients who often resort to corrective measures including plastic surgery,
e.g., muscle tissue transfer or autologous fat grafts, as well as dermal fillers.(2)

Additionally, neurological deficits may also occur in GL and PL. Intellectual disability
has been reported in 50% of patients with AGL, 47% in patients with CGL 43% in
patients with FPL and 8% in patients with APL, respectively.(16)

6.1.3.8 Infertility and PCOS

Leptin is one of the hormones that contributes to sexual maturation and patients with
LD have been shown to have delayed puberty and hypergonadotropic hypogonadism
(also known as primary or peripheral/gonadal hypogonadism, whereby sex steroid
production is lacking leading to delayed or absent puberty and infertility).(43) As a
result, infertility and PCOS are common in women with GL,(2, 13) and successful
pregnancy is extremely rare.(34) Females commonly present with clitoromegaly,
hirsutism, amenorrhea or irregular menstrual cycles, and ovarian cysts.(13, 21)

Female patients with PL also have an elevated risk for many reproductive
abnormalities including PCOS and infertility compared with the general
population.(42) A clinical follow-up of seven families with patients with FPL due to
LMNA found that 54% of the women with LMNA mutations exhibited clinical PCOS
phenotypes, 27% had infertility, 50% experienced at least one miscarriage, 36%
developed gestational diabetes and 14% experienced eclampsia and foetal
death.(42) In the general population, 4.8% of women have PCOS, 10% have
infertility, 10.1% experience at least one miscarriage, 5-10% have gestational
diabetes and 2.6% experience eclampsia and foetal death.(42)

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.

There is limited published data available on the incidence and prevalence of LD in
England. One study (Chiquette et al. 2017) identified in the literature search was
considered but was not deemed accurate or generalisable for a UK population and
the anticipated metreleptin licence (see Section 13.8).(11) More relevant and
accurate estimates are available based on EAP data from a decade of metreleptin
use in UK clinical practice at Addenbrooke’s.
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There are currently ||l LD patients receiving metreleptin at Addenbrooke’s
under the EAP — | Of these patients, some may have initiated
metreleptin over a decade ago since the beginning of the EAP. As the EAP has been
running for over 10 years it is expected that the number of patients on the
programme is a good indicator of the number of eligible patients in the England.
Clinicians from Addenbrooke’s Hospital in England who are involved in the UK EAP
have been consulted to provide an estimate of the number of new GL and PL
patients each year who would be eligible for metreleptin. Based on expert clinical
opinion, it is assumed thatjj  illlnew patients each year would be eligible for

metreleptin treatment ([ GcNGGEEEEGEN).

Please see Section 13 for the estimated number of new patients eligible for
metreleptin in England over the next 5 years.

6.3 Please provide information about the life expectancy of people with
the disease in England and provide the source of data.

The complications of LD can have catastrophic consequences leading to premature
mortality, occurring at young ages in some cases. There are no natural history
studies of LD patients in England (or the UK) to inform on the life expectancy of
people with the disease in England. An interim analysis from the EAP is expected in
Q1/Q2 2018. However, a SLR and data synthesis of a very large number of patients
with LD in the context of a rare disease (i.e. CGL=519; AGL=86; FPL=124; and APL
N=124) conducted by Gupta et al reported on mortality of LD patients from around
the world (Figure B6).(16) The mean age of mortality was 12.5 years for CGL, 32.2
years for AGL, 27.8 years for FPL and 22.7 years for APL. The causes of death
included organ failure (including liver, renal and cardiac failure), respiratory infection
and sepsis.

Table B6: Mortality in LD patients
Study n/N? Age at Cause of death (n)
group deaths mortality
(%) mean (SD)

CGL 33/502 12.5 (11.3) Acute liver failure (1), peritonitis (1), respiratory
N=519 (0.2) infection (6), renal failure (1), cardiac failure (3),
multi-organ failure (1), epilepsy (2), not reported

(18)

AGL 9/84 32.2 (28.3) Acute liver failure (2), respiratory infection (1),
N=86 (10.7) hepatocellular carcinoma (1), gastrointestinal
haemorrhage (1), brain tumour (1), not reported

)

FPL 7/98 (7.1) 27.8 (26.9) Renal failure (1), cardiac failure (1), aspiration (1),
N=124 sepsis (1), not reported (3)
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APL 3/124 22.7 (18.5) Renal failure (1), cardiac failure (2)
N=124 (2.4)

Abbreviations: AGL, acquired generalised lipodystrophy; APL, acquired partial
lipodystrophy; CGL, congenital generalised lipodystrophy; FPL, familial partial
lipodystrophy 2 Patients whose mortality status was known at reporting

Source: Gupta, 2017 (16)

7 Impact of the disease on quality of life

7.1 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).

The impact of LD on the QoL of patients, and their cares/families can be devastating.
However, there has been a paucity of published studies evaluating the health related
QoL (HRQolL) of patients with LD and their carers. A SLR described in Section 10.1.5
identified only one study reporting on the HRQoL. Dhankar et al. (2015) evaluated
the HRQoL in LD patients from the Lipodystrophy Connect Registry and reported that
the average estimated EQ-5D score associated with LD was 0.67 (SD: 0.11), much
lower than the average EQ-5D of a general population (0.866) (see Section 10.1.6 for
more details).(44)

Interviews with patients with LD conducted at the NIH in the US on behalf of
Aegerion demonstrates the negative impact of LD.(45)

Hyperphagia, characterised by the ever-present pursuit of food, is a relentless,
overwhelming burden for patients.(46) Patients are highly constrained by food access
issues, impacting on many aspects of their daily lives including attending school,
work and social situations (Figure B5). Patients also suffer from mood and sleeping
problems (Figure B5). The extreme level of food seeking additionally creates stress
on families/carers. Carers may need to provide 24/7 supervision, especially as
patients may also consume inappropriate or non-food items (Figure B5).

Hyperphagia can lead to disruptive activity in young children, which can be socially
isolating for their carers. Of note, the negative impact of hyperphagia in the context of
another rare disease, Prader-Willi syndrome, has been documented in the
literature.(46-49)

Page 45 of 281



Figure B5:

Selected quotes in LD patients and carers: Hyperphagia

“l was eating nonstop, | would eat a full course dinner and about 30 minutes later | would be in the pantry looking for
something else to eat because | was always so hungry. And there would be times where | would wake up in the middle of the
night, like one, two in the morning and | felt like | hadn't ate in forever, so | would go and | would snack and | would-- it was so
bad to the point where | was eating so much that they were like, ‘You need to stop eating, you're eating too much,’ and they
were literally talking about putting locks on the cabinets because | would not stop eating. And | would never get full, my
grandma would tell me | was like a never ending pit, because | would just eat and eat and eat.”

“She probably still eats, like,
every three hours, but during
the day, during her waking
time-- awake time.”

“I think the only time at which | did not want to eat was that | was so full that it hurt. So |
would eat such large-- if available, | would eat such large quantities that it actually hurt.
But within an hour of that just digesting, | was then prepared for the next meal, the next
snack, the next-- so it was pretty constant and very severe, in that I really couldn’t focus
on anything but that feeling.”

“Just really excess hunger that
took my focus away from
school, from whatever activities
I was engaged in. Often, I felt so
hungry I was very ill, and my
temper was very, very, very
short, | think. | was always on
edge because | was so hungry.”

“Just at three years old I've just now allowed her to start playing with food and play food
and play utensils and things like that, | never permitted her to play with them because
everything was associated as food so even the play food, she ate it and | don’t mean bit,
I mean she ate it, she took bites off and she swallowed.”

“And she was eating soaps and lotions and Vaselines, and peeling the paint off the walls
and eating it, just whatever she should find. And it was so hard.”

Source: Data-on-file (45)

“[SJometimes since we're so hungry, we'll binge, binge, binge, binge, and then like make
ourselves sick and then don't want to eat anything at all.. but we have to keep eating, if
that makes any sense. So yeah, it's terrible.. starving all the time.”

Female LD patients can suffer reproductive dysfunction as a result of leptin
deficiency and severe insulin resistance. The adverse impact of reproductive
dysfunction in females in the general population, including PCOS, infertility and
miscarriage are well documented. For example the spectrum of the symptoms of
PCOS such as hirsutism, skin problems, menstrual problems and finally infertility has
a huge negative impact on the individuals' psychological and interpersonal
functioning. PCOS symptoms can lead to significant deterioration in QoL and be
highly stressful negatively affecting psychological well-being and sexuality.(50)
Following miscarriage, women can experience post-traumatic stress, anxiety and
depression.(50, 51) Following miscarriage, women can experience post-traumatic
stress, anxiety and depression.(51) The experience of pregnancy loss and infertility
can also have a considerable impact on partners. The interviews with patients with
LD confirm the impact of reproductive dysfunction in the context of LD (Figure B6).
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Figure B6: Selected quotes in LD patients and carers: Reproductive dysfunction

@ 7 . “Yes, | had a miscarriage last year December. They told me | was
The pregnancies .mal.(e your disease s.o much high risk in the first place, and | had to stop working. It only lasted
LT O e d'e,d b olpregnancisSd/t was seven and a half weeks before it was gone... talked to me yesterday
G ] ecla.mp SEIV7 early. on. Yeal, |l wasiin about just all of the risk of pregnancy, it's a life and death type of

gf:n:gfzjrfg’m five months on with both. Both were thing. So definitely thinking about other options.”

“It’s not a concern today obviously because she's a baby, it's a concern
for me, but in the future, oh, it goes above ten because she can't have
children and she has these complicated cycles and these periods that
are uncontrolled, yeah, huge concern, it goes off the chart with the level

“Yeah, | do have polycystic ovarian symptoms,
yeah. Yeah, very, very heavy [periods], like
beyond excessively heavy, and several
miscarriages and then those terrible

pregnancies.” of concern.”

“Her menses and everything, it's so messed up “I went through a period when | was having a period almost every two

right now, she doesn't have a period.” or three weeks, or it wasn't stopping; it'd slow down but it wasn't
stopping.

“In June, one of the doctors just said that
because of the state I'm in right now, it would be a
really high concern if | were to get pregnant.”

“[A]t that time when my menstrual periods were out of control and |
was just bleeding profusely, they put me on the birth control pill and it
definitely alleviated a lot of the stress that | was going through with the
periods. but at the same time it caused more problems with the
pancreatitis so we immediately stopped that.”

Source: Data-on-file (45)

Patients with LD can experience anxiety and depression due to the clinical burden of
the disease including impaired physical appearance (which can be associated with
bullying and low self-esteem), hyperphagia, reproductive dysfunction, fatigue and
chronic pain (see Figure B7 for selected quotes and Table B7 for examples of the
physical impact of LD). Furthermore, low leptin levels are associated with increased
symptoms of depression, independent of body fat or weight.(52)

Figure B7: Selected quotes in LD patients and carers: Anxiety and depression
“So I just became really, really depressed for probably “[A]nxiety is going to be with socializing, going out in public,
about six months... [b]ut | just lived on the computer. So interacting with a partner as she gets older, not letting them see
it was kind of a different depression. I didn’t stop, but | her body because she won't have the breasts, she won't have
Just cut off the interaction with people.” the hips, she won't have those things and shunning her body

and causing her to have a more complicated eating disorder
because she's thinking in her mind the anxiety, depression, all
of those are ten, they're nothing right now, they're all tens
because, yeah, she's going to say, ‘I can't have kids, | can't do
this, | can't do that, my body's horrible.””

“IS]he's supposed to be in preschool but they're saying
that they don't feel because of the disease itself that
they would allow her to be in school, so she's home
bound, she's home bound not because she can't
function but because they're afraid of the complexities
of the disease.

“The bullying, it really gets to me, and it caused a lot of

“I was bullied really, really bad. I've had death threats, depression. | have depression, bipolarism, anxiety, from a lot of..
you know. I've had people call me transgender.. just and a lot of it | believe accumulated.. well it did, in school
disrespectful. People come up to me and rub my belly, because | would go.. walk through the hallways and it wasn't like
"How far along are you.." you know.. "I'm not even people was just murmuring. No, they were loud enough to hear,
pregnant.. actually, I've never had sex, so.." it's just.. it you know.”

was terrible growing up. | had a terrible childhood. ”

“I felt like | was doing so much and nothing was helping and | just kind of hit that point, | would say kind of rock bottom to
where | just didn't care anymore. | didn’t care if my medicine was working or if it wasn't working. | just kind of got the attitude
where | was-- and | would even tell my family members as well. | would say ‘If it's time for me to go, everyone dies when they
die.” That was my mindset. There wasn't anything that was working and there wasn't anything | could do.”

Source: Data-on-file (45)
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Table B7: lllustrations of physical impact of LD

Physical Impairment Example

Extreme muscularity of arms and legs

Hepatomegaly, abdominal distension

Excessive facial hair

Acanthosis nigricans

Skeletal facial features
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Severe body asymmetry with
lipodystrophic arms and legs and fat
accumulation in face and neck typical of
Dunnigan syndrome (picture B) or,
differentially, LD in face, neck, thorax
and arms with fat accumulation in hips
that can be seen in some Barraquer-
Simmonds syndrome (picture D)

Abbreviations: LD, lipodystrophy

Other symptoms such as fatigue (Figure B8) and frequent infection/iliness (Figure
B9), in addition to hyperphagia and anxiety/depression, can lead to impaired or
complete inability to work or attend school, as well as to social isolation. In turn
members of the family may not be able to work or socialise due to caring
responsibilities.

Figure B8: Selected quotes in LD patients and carers: Fatigue
“Im not able to work and make a living wage “I would say the biggest impact is that I’'m not able to live a full schedule.
that I-- or exceed, by far, a living wage that | My fatigue is great enough where I really limit activities. So if | spend time
should have. | mean, that’s a huge impact.” with my kids on Saturday, I’'m going to have to rest on Sunday.”

“She has no energy to drink even like two ounces of milk in the bottle. So that “Fatigue.. very fatigued...I'm very
was the very first symptom that she was very, very sick.” fatigued.”

Source: Data-on-file (45)

Figure B9: Selected quotes in LD patients and carers: Compromised immune
system and infections in LD

“Anything. A virus, viral infections that just lasted “IS]he was sick all the time and it was always like pneumonia,
forever, the flu, whatever was going around, just a pneumonia, pneumonia. She's had pneumonia I can't tell you how
really compromised immune system.” many times.”

“So we deal with the fevers and colds a lot, her immune “[Ilmmune system is so compromised, it’s insane. We fight a
system is severely compromised and so can't be around lot of respiratory issues. Right now, we’re fighting with a
people.” croup.”

Source: Data-on-file (45)
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A summary of the impact on QoL associated with LD is shown in Table B8. Overall,
this is a population to whom an effective therapy has the potential for a profound

positive effect on lifestyle opportunities (including working and attending school) and
QoL of patients and carers.
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Table B8: Range of complications and impact on QoL associated with LD

Complication Clinical features Potential impact on QoL

Glucose control e Diabetes (and associated symptoms/sequelae) ¢ Need for extra medication (e.g. diabetes)
e Very high insulin requirements

¢ Increased risk of cardiovascular disease
¢ Higher mortality risk

e Organ damage

¢ Diabetes complications such as nerve damage, amputation, etc.

® |nsulin resistance

Triglycerides control e Hypertriglyceridaemia e Need for extra medication (e.g. hypertriglyceridaemia)
¢ Hypercholesterolaemia ¢ Organ damage

¢ Increased risk of stroke, heart disease and heart attack
¢ Higher mortality risk

Impaired physical ¢ Extreme muscularity of arms and legs ¢ Low self-esteem
appearance o Excessive facial hair * Depression
¢ Acanthosis nigricans ¢ Need for aesthetic/restorative surgery

® Skeletal facial features

® Severe body asymmetry (swollen face vs. skinny/muscular legs)

Female rgprc?ducti_v_e e Partially or completely compromised female reproductive function ¢ Inability to have children
dysfunction/infertility « Missed or irregular menstrual cycles, which can be associated with | e Anxiety/depression
heavy bleeding « Delayed puberty

e Ovarian cysts, PCOS
o Clitoromegaly

® QOvaries produce more male hormones than normal

® Physical signs (acne, male-pattern baldness, weight gain, skin

tags)
e Uncontrollable, constant hunger
Hyperphagia ) "...My daughter is unable to attend public schooling... Her inability to
® Excess food intake sit and/or stand for long periods of time along with her excessive

® Damage to organs from excess fat deposit
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Complication

Clinical features

Potential impact on QoL

appetite and needs to eat every hour or so would cause a disruption
to class”

Liver damage

Ectopic fat deposit on liver
Hepatomegaly
Hepatic steatosis

Loss of weight and appetite
Extreme fatigue, weakness

Hallucinations, confusion or trouble concentrating

* Steatohepatitis ® \Vomiting of blood

® Cirrhosis ® Higher mortality risk

® Liver failure

e Cardiomyopathy ¢ Need for surgery
Heart damage e Heart failure * Early death

® Myocardial infarction

® Arrhythmia

Chest pain (angina)

® Need to take regular medications

Kidney damage

e Chronic kidney disease
® Nephropathy

® Kidney failure

¢ Need to be put on dialysis
® Need for kidney transplantation

® Higher mortality risk

Pancreas damage

Acute pancreatitis

Need for extra medication (e.g. diabetes, pancreatitis)
Abdominal pain

Severe pancreatitis harming other vital organs

Higher mortality risk

Retinopathy

® |mpairment or loss of vision due to damage to retina blood vessels

® Typically a complication of diabetes

Blurred vision

Blindness

Impaired social/work functioning
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Complication

Clinical features

Potential impact on QoL

® Peripheral nerve damage

e Abnormal sensation in feet and hands

Neuropathy . . _ .
® Typically a complication of diabetes ® Pain not easily managed with common analgesics
® Impaired muscle movement
Amputation ® Common feet extremity amputations e Impaired mobility
P o Grief over lost limp/depression

® Typically a complication of diabetes

Chronic pain

® Frequent abdominal pain

® Musculoskeletal pain in areas of pressure (buttocks, soles) due to
lack of fat cushions

¢ Increased stress

¢ Continual discomfort
e Depression

o Fatigue

¢ Trouble sleeping

® \Weakness/lack of energy

® Need for mediation for temporary alleviation of symptoms

Ability to perform
work/school work

Impaired or complete inability to work or attend school due to:
e Fatigue
e Hyperphagia
® Bullying (e.g. due to physical appearance)

® Frequent infection/iliness

e Low wages/poor work prospects
¢ Need to take unpaid leave

® |nappropriate socialisation

® Depression/anxiety

Depression

e Impaired physical appearance
® Hyperphagia

® Chronic pain

“I felt like | was doing so much and nothing was helping and | just
kind of hit that point, | would say kind of rock bottom to where | just
didn't care anymore. | didn't care if my medicine was working or if it
wasn't working. | just kind of got the attitude where | was-- and |
would even tell my family members as well. | would say ‘If it's time
for me to go, everyone dies when they die.’ That was my mindset.
There wasn't anything that was working and there wasn't anything |
could do.” (Patient experience pre-metreleptin)

Abbreviations: LD, lipodystrophy; PCOS, polycystic ovary syndrome; QoL, quality of life
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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.

Metreleptin treatment is effective at improving metabolic abnormalities associated
with LD, both in the short-term and long-term. Many of these changes have the
potential to substantially improve the QoL of patients and their carers.

Metreleptin has been shown to improve metabolic status (e.g., high triglyceride and
HbA1c levels unresponsive to other treatments). In the pivotal study NIH
991265/20010769 clinically meaningful and statistically significant improvements in
HbA1c consistent with improvement in insulin sensitivity were demonstrated: mean
actual change in HbA1c to Month 12 was -2.2% (p<0.001) for GL patients and -0.9%
(p<0.001) for patients in the PL subgroup (i.e. corresponding to the sought after
indicated PL population). Reductions of this magnitude in HbA1c are associated with
significant reductions in clinical complications associated with hyperglycaemia.
Results of the UK Prospective Diabetes Study (UKPDS) conducted in over 4500
patients showed that each 1% reduction in HbA1c was associated with a statistically
significant 21% reduction in risk of death due to diabetes, 14% reduction in risk for
myocardial infarction, and 37% reduction in risk for microvascular complications. As a
reference for the changes in HbA1c observed with metreleptin treatment, mean
changes in HbA1c after 24 weeks of sitagliptin monotherapy in patients with type 2
diabetes were -0.5% to -0.6% and when administered in combination with metformin,
were -0.7% to -1.4%.(53) Metreleptin should therefore be associated with reductions
of the micro- and macrovascular complications associated with diabetes, improving
the QoL of patients.

Elevated triglyceride levels are a known risk factor for cardiovascular disease and
pancreatitis. Metreleptin was associated with clinically meaningful and statistically
significant improvements in hypertriglyceridaemia: the mean percent change in
triglycerides to Month 12 was -32.1% (p=0.001) for the GL group and -37.4%
(p<0.001) in the PL subgroup (excluding one outlying noncompliant patient).(53)
These improvements in triglyceride levels are likely to reduce the risk of developing
cardiovascular disease and pancreatitis.

The improvements in HbA1c and triglycerides occurred in some patients in
conjunction with reductions or even discontinuation of the use of antidiabetic
medications (insulin, orally administered agents, or both) and/or lipid lowering
medications, thus reducing the burden of diabetes and/or hypertriglyceridaemia
management, both on the patient (e.g. reducing pill burden) and the health service.

Overall, the improvements were sustained over long-term treatment — most patients
received 2 or more years of therapy with a maximum duration of 14 years.
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Metreleptin can also improve appetite regulation, with patients experiencing a sense
of satiety or satiation.(54, 55) Improvement in hyperphagia helps to break the cycle of
excess food consumption that further exacerbates metabolic abnormalities as
ingested fats are directed towards ectopic locations. It also has the potential to vastly
improve the QoL of patients and carers.

Metreleptin is also associated with improvements in LD-associated liver disease.
NASH, a frequent condition LD patients, is commonly associated with elevated liver
function tests, and therefore measurements of the liver enzymes ALT, aspartate
aminotransferase (AST), and liver volume are useful surrogates for this condition.
Metreleptin is associated with reductions in ALT and AST and liver volume.(9, 10, 56-
58) Significant improvements in steatosis, ballooning injury and NASH scores have
also been reported.(57, 58)

Metreleptin has been shown to halt or in some cases reverse organ damage
associated with LD. In females, metreleptin has normalised gonadotropin secretion,
leading to normal progression of puberty, normalisation of menstrual periods and
improved fertility.(2, 43, 59, 60)

Improvements in the physical appearance of LD patients have also been noted,
including improvements in facial fat deposition, improvements in acanthosis nigricans
and having a less prominent abdomen and decreased girth (Figure B10).(56, 61, 62)

Figure B10:  Effect of metreleptin on a young girl (age 23 months old) with regard to
(A) acanthosis nigricans and (B) hepatic steatosis

A Before 1 y. metreleptin treatment B

1 y. metreleptin
Before treatment

Arrows show the improvement in (A) the skin lesions and (B) the reduction in abdominal circumference

Source: Araujo-Vilar, 2015 (56)

Overall, metreleptin is anticipated to mitigate the clinical and QoL impact, as well as
the cost to the NHS and personal social services (PSS), associated with patients'
metabolic disorders, progressive organ damage, physical appearance, hyperphagia,
female reproductive dysfunction, pain, and depression.
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Extent and nature of current treatment options

8 Extent and nature of current treatment option

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.

Aegerion are not aware of any NICE clinical guidelines, NICE pathways or published
national guidelines on the management and treatment of LD.

8.1.1 NHS England Service Specification (A03/S(HSS)/b)

NHS England established a service specification in 2013 (A03/S(HSS)/b).(8) The
service is targeted at patients with LD and/or extreme insulin resistance. The service
specification explicitly notes that these are very rare but metabolically devastating
disorders associated with significant long-term morbidity and mortality.

The National Severe Insulin Resistance Service provides a multidisciplinary
outpatient clinic at Addenbrooke’s hospital (CUH) plus inpatient stays for initiation of
therapy when indicated. As part of an EAP, treatment with metreleptin in England is
currently provided at this centre, where there the service specification
(AO3/S(HSS)/b) in place. The aim of the service is to provide diagnostic, therapeutic
and educational support for both patients and their local clinical carers, and to
establish and disseminate evidence-based recommendations for the therapy of this
severe group of conditions. An overview of the service specification with a focus on
patients with LD is shown in Table B9.

Table B9: Overview of the NHS service specification for patients with LD

Diagnosis e Accurate clinical assessment is an essential step to putting
the correct management strategies in place early for this
group of patients. This requires close links to clinical
biochemistry, molecular genetics and radiology services, to
provide a complete, integrated package of clinical,
biochemical and radiological evaluation as well as definitive
molecular genetic diagnosis where appropriate.

o Objective: To provide a specific diagnosis to all patients with
LD/severe insulin resistance. This is not currently possible as
the genetic basis of several of the disease subtypes remains
unknown but there is an aspiration to meet this objective in
due course.

Patient Management o Where good metabolic control is maintained in referred
patients, patient management will be delivered through
annual reviews in the national service in conjunction with
locally commissioned diabetes care

e The nationally commissioned service will also provide a
limited amount of specialist dietetic and nursing care directly
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to patients and by providing expert advice to local diabetes
services.

Expertise in the use of leptin is essentially only available
through the nationally commissioned service within the UK.
Where specialist therapies are introduced, several reviews at

CUH per year may be required and will be undertaken in
conjunction with local diabetes care where appropriate.

Overview of the
service

The core element of service provided is a weekly
multidisciplinary clinic consisting of (minimum requirement):
consultant; specialist nurse; dietician; genetic counsellor (only
a strict requirement for all cases with a new genetic diagnosis
and after that the genetic counsellor will be available
according to individual patient requirements). Patients
presenting before the age of 16 years will be seen in
conjunction with paediatric endocrine consultants supported
by paediatric specialist nursing and dietetic input.

Liaison with local clinicians managing the patients is a key
component of the service outside the weekly multidisciplinary
teams.

New patients will be seen in clinics at CUH. Diagnostic results
and management advice will then be communicated to the
patient and their local medical team. Most patients will not
then require review at CUH but will require remote contact
with the specialist dietician. The service will maintain contact
with local specialists and GPs to provide advice as required.

Patients receiving specialist therapies including leptin and
IGF1 will be reviewed on a regular basis (up to quarterly) as
indicated by their clinical progress.

When required patients will be admitted to CUH for short
stays of between five to ten days for initiation of specialist
therapies such as rhlGF1, leptin, or multimodal
immunosuppression.

Specialist therapies

Dietary modification is an essential element in the
management of patients with these disorders. Specialist input
is required to adjust dietary advice for the unusual body
composition associated with LD and the need for strict calorie
restriction in patients with apparently normal BMIs.

Specialist nursing input, including education of local carers,
will be required to support the initiation and on-going use of
U500 insulin which will be required in many of the patients.
This will involve extensive liaison with and education of GPs,
community specialist nurses, and other relevant carers. This
specification covers the initiation of U500 therapy and funding
is provided for the first 3-months of therapy. Past 3 months
funding responsibility for patients responding appropriately to
U500 therapy will pass to the patient’s responsible CCG or
other responsible commissioner.

Recombinant leptin is specifically indicated for patients with
severe LD and low leptin levels (<10 pg/L). The national
service will select and treat patients with leptin as is clinically
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indicated. The cost of leptin is expressly excluded from the
funding for this service.

Abbreviations: BMI, body mass index; CCG, Clinical Commissioning Group; CUH,
Cambridge University Hospitals; GP, General Practitioner; IGF, insulin-like growth factor;
LD, lipodystrophy; NHS, National Health Service; rh, recombinant human

Source: NHS England (A03/S(HSS)/b) (8)

8.1.2 International expert guidelines
8.1.2.1 Diagnosis

As LD is ultra-rare disease, awareness is very low and many clinicians are unfamiliar
with diagnosis, leading to many patients being undiagnosed or diagnosed late in the

course of their disease, when the physical impact is greater and multi-organ damage
may be irreversible.(2, 19)

Firm diagnostic criteria have not been established for LD,(2) owing, in part, to
difficulty in diagnosing the disease and distinguishing between sub-types. The
American Association of Clinical Endocrinologists (AACE) and a 17 member
committee of nominees from worldwide endocrine societies have both attempted to
develop consensus recommendations for the detection of LD.(2, 19)

Difficulties in diagnosis are recognised as multifactorial. Firstly, recognising the loss
of subcutaneous fat is particularly challenging in PL and especially in men in whom
low body fat overlaps with normal variation.(2) Secondly, serum leptin levels alone
cannot establish or rule out a diagnosis of LD.(2) Serum leptin assays are not
standardised and leptin concentrations in patients with LD (especially partial forms)
overlap the general population, leptin levels do not help in diagnosis but may help
with the choice of therapies.(2) Thirdly, in both congenital and acquired LD, the loss
of subcutaneous adipose tissue may be gradual, delaying diagnosis. Finally, when
due to the heterogeneity of gene loci involvement in CGL and CPL, genotyping
cannot be conclusive.(2)

The suggested diagnostic approach has been proposed by a multi-society practice
guideline on the diagnosis and management of LD syndromes, which was published
in 2016.(2) In this, Brown et al. recommend that diagnosis initially be based on
history, physical examination, body composition and metabolic status.(2)
Confirmatory genetic testing is helpful in suspected familial LD and should also be
considered in at-risk family members.(2)

Differentiation of genetic and acquired LD can be hampered by the heterogeneity of
subcutaneous adipose tissue loss between LD types. With CGL, patients typically
have a lack of subcutaneous adipose tissue from infancy, whereas adipose tissue
may appear as normal in infancy in patients with AGL.(2) The presence of
autoimmune disease increases the suspicion of an acquired subtype.(2)
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In patients where there is a suspicion of LD, Brown et al. recommend screening for
comorbidities associated with the disease including diabetes, dyslipidaemia, NAFLD
and cardiovascular and reproductive dysfunction.(2)

AACE have conducted a MEDLINE literature search and panel discussion to try and
reach consensus recommendations for LD diagnosis. Their published findings
contain similar suggestions as those published by Brown et al. with clinical
characteristics and comorbid conditions being the basis for referral to specialist LD
centre.(19)

8.1.2.2 Management

The consensus statement from the AACE on the clinical approach to the detection of
LD also includes a section on potential management modalities.(19) The AACE
suggest diet and exercise as options for the metabolic management of LD alongside
conventional antihyperglycaemic and lipid lowering medications. Metformin,
sulfonylureas, thiazolidinediones, and insulin can be used to manage
hyperglycaemia, while fibrates and statins can be used to manage
hypertriglyceridaemia. They acknowledge, however, that when the complications
associated with LD are severe, conventional treatments, alone or in combination, are
likely to be inadequate at establishing metabolic control.

The multi-society practice guideline on the diagnosis and management of LD
syndromes by Brown et al. recommends diet for managing the metabolic
complications of LD - however they note that studies of specific diets in LD are
lacking, and recommendations rely on sparse literature and clinical experience.(2) In
addition, patients should be encouraged to exercise, however strenuous exercise
should be avoided in patients with cardiomyopathy and contact sports should be
avoided in patients with severe hepatosplenomegaly and CGL patients with Iytic
bone lesions.

The guideline recognises that metreleptin is the only drug specifically for the
treatment of LD. Metreleptin (with diet) is recommended for GL, as a first-line
treatment for metabolic and endocrine abnormalities and may be considered for
prevention of these comorbidities in children. In addition, metreleptin may be
considered for hypoleptinaemic (leptin <4 ng/mL) patients with PL and severe
metabolic derangements (HbA1c >8% and/or triglycerides >500 mg/dL).

The recommended additional treatments for the specific co-morbidities are outlined in
Table B10. For dyslipidaemia, it was noted that statins and fibrates should be used
with caution due to the increased risk of myopathy, especially in the presence of
known myositis or muscular dystrophy. In addition, because cardiovascular risk may
be enhanced in lipodystrophic syndromes independent of other risk factors, clinicians
may consider applying stricter lipid targets (e.g. low density lipoprotein cholesterol
[LDL-C] <100 mg/dL, non-high density lipoprotein cholesterol [non-HDL-C] <130
mg/dL, triglycerides <200 mg/dL), even in patients without diabetes. Furthermore, no
treatments have been studied in liver disease linked to LD.
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Table B10: Treatments for conditions arising in patients with LD

Co-morbid Management
condition arising
as aresult of LD

Diabetes Metformin is a first-line agent for diabetes and insulin resistance.
Insulin is effective for hyperglycaemia. In some patients, concentrated
preparations and high-doses may be required.

Thiazolidinediones may improve metabolic complications in PL but
should only be used with caution in GL.

Dyslipi [
yslipidaemia Statins should be used concomitantly with lifestyle modification (after

consideration of age, reproductive status, and tolerance).

Fibrates and/or long-chain omega-3 fatty acids should be used for
triglycerides >500 mg/dL and may be considered for triglycerides
>200 mg/dL.

Hypertension Angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers are first-line treatments for hypertension in patients with
diabetes.

Liver disease In NAFLD not associated with LD, diet and exercise are first-line
treatments, and among pharmacological treatments, vitamin E (in
children and adults) and pioglitazone (in adults) have shown the most
consistent benefit for liver histopathology. However, these treatments
have not been studied in patients with LD and are not approved for
NAFLD.

Cosmetic treatment | Patients should be assessed for distress related to LD and referred as
necessary to mental health professionals and/or plastic surgeons.

Abbreviations: GL, generalised lipodystrophy; LD, lipodystrophy; NAFLD, non-alcoholic fatty liver
disease; PCOS, polycystic ovary syndrome; PL, partial lipodystrophy

Source: Brown, 2016 (2)

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

Due to the rarity of LD, many clinicians are unfamiliar with diagnosis and
management, and diagnosis can take many years. The majority of new cases of LD
in England are identified by diabetes specialists, endocrinologists, lipid specialists or
occasionally dermatologists and oncologists. Patients may be referred onto the only
specialist centre in the UK (at Addenbrooke’s) for baseline assessment, confirmation
of diagnosis by clinical examination, with genetic testing where needed and for
advice on ongoing management, and on genetic testing for family members where
indicated. Treatment with metreleptin in England is currently provided at this centre
through the EAP.

Clinical experts in England stated that they review their patients with LD in the clinic
depending on individual needs but usually on a 6-12 monthly basis and usually 6-
monthly when the patient is prescribed metreleptin. This is in line with the service
specification (Section 8.1.1). Patients are usually reviewed by their local team and/or
GP in between appointments at the specialist centre.
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There is no standard clinical pathway for the treatment of LD in England.
Management of patients with LD is complex (

Figure B11), and overall, gold standard management of LD requires a
multidisciplinary team including ideally diabetologists/endocrinologists, dieticians,
specialist nurses, and if required specialists in psychological support and genetic
counselling. Paediatric patients are discussed at a combined multidisciplinary
meeting. Individualised decision-making is needed with close consultation among the
patient, physicians, family members, and other carers.

Initially, the standard of care is an energy-restricted diet to lower triglycerides and
glucose, but dietary restriction may be challenging to achieve in some patients due to
hyperphagia associated with leptin deficiency. Further to dietary management, drug
treatments are aimed at treating complications such as diabetes (oral antidiabetic
drugs including oral medications such as metformin, and injectable therapies
including GLP-1 agonists in some patients and/or insulin) and hypertriglyceridaemia
(fibrates, statins), although these may have limited efficacy in some patients.
Cosmetic treatment may be required to improve physical appearance, however
patients in England may have problems with gaining funding for cosmetic procedures
through the NHS and they may need to seek private treatment.(39) Presently there
are no effective therapies approved to treat hepatic steatosis or NASH but weight
loss can be effective. Anti-androgens may be required for PCOS and
hyperandrogenism.(39) Other services that may be required include referral to a
dermatologist for severe acanthosis nigricans and/or skin tags and referral to fertility
services.(39) As described, metreleptin is available at Addenbrooke’s via the EAP,
and is the only treatment for patients with LD that can address the underlying cause
of the condition. It fulfils an unmet need for patients who are not effectively controlled
on standard therapy.
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Figure B11: Multifaceted approach to managing LD

e.g oral
antidialieticsy
insulin

ARti-androgens e.g
for PCOS &
hyperafdiog&nism

Fertility services

Abbreviations: LD, lipodystrophy; PCOS, polycystic ovary syndrome; SOC, standard of care

* Metreleptin is given via the EAP in England

** Cosmetic treatment may not be available on the NHS

At Addenbrooke’s there is a separate paediatric clinic that adjoins the adult clinic and is staffed by a
consultant paediatrician and paediatric nurse. Paediatric patients are discussed at a combined
multidisciplinary meeting.(39)

Source: Stears and Hames, 2014 (39); Brown, 2016 (2)

8.3 Describe any issues relating to current clinical practice, including
any uncertainty about best practice.

Apart from metreleptin, there are no other current treatment options available to treat
the underlying cause of GL and PL, i.e., leptin deficiency. The other available
treatment options only treat about a third of the total disease burden, have a small
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effect, and fail to stop disease progression. For example, for patients with LD and
associated diabetes and/or hypertriglyceridaemia, current therapies include diet
modifications and oral anti-hyperglycaemic agents; however as the disease
progresses and more severe conditions manifest, patients often do not respond to
treatment.

Studies have reported the high disease burden in LD patients despite being on
conventional therapies.(9, 10, 16, 32, 33, 35) For example, in the pivotal study NIH
991265/20010769 the baseline HbA1c was high (mean: 8.6% and 8.8% in the GL
and PL subgroup patient groups, respectively), despite 80.3% of GL and 96.8% of PL
subgroup patients being on anti-diabetic medications. Similarly, patients had high
baseline fasting triglyceride levels (14.7 mmol/L and 15.7 mmol/L in Gl and PL
subgroup patients, respectively) despite lipid-lowering medications being used by
51.5% of GL patients and 83.9% of PL subgroup patients. The majority of GL and PL
subgroup patients had hypertriglyceridaemia (71% and 94%, respectively) and
diabetes mellitus (70% and 84%). Other relevant medical history at baseline in GL
patients included hepatomegaly/ hepatosplenomegaly (62%), NASH/steatohepatitis
(52%), proteinuria (45%), pancreatitis (27%), and hepatic steatosis (24%), and in the
PL subgroup patients had hepatic steatosis and pancreatitis (39% for each) and
NASH or steatohepatitis (26%).

This failing response to treatment is a consequence of the underlying absence of
leptin and subcutaneous adipose tissue. In many patients with LD, treatment with
insulin becomes ineffective due to severe insulin resistance and patients may have
difficulty injecting insulin due to the loss of subcutaneous fat in the abdomen or
thighs.(21) The long-term benefits of insulin sensitisers such as metformin, remains
unclear,(17) meaning that even when the co-morbid condition arising from LD is
identified, its treatment is difficult.

In some cases, no treatments are available for the conditions that arise from LD.
Presently there are no effective therapies approved to treat hepatic steatosis or
NASH and there are limited options for patients with PCOS.(17) Additionally,
conventional therapies have no effect on the insatiable hunger and the hyperphagia,
making it difficult to maintain an adequate diet and adding to the problem of ectopic
fat distribution in the liver and/or muscle.(19)

There is an unmet need for a treatment option that treats the underlying cause of GL
and PL as conventional treatments fail in the majority of patients and increase their
risk of end organ damage.(5) By correcting the pathophysiology of LD, the metabolic
disorders that arise can be addressed, reducing the burden on patients. As the
conditions that arise from LD are many and varied, each case is unique in its
course,(17, 22) and there is difficulty in understanding how a disease might progress
and what treatment options may be required. A treatment option that addresses the
underlying pathophysiology of GL and PL will therefore limit this uncertainty, by
reducing the development of all consequential conditions.
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8.4 Describe the new pathway of care incorporating the new
technology that would exist following national commissioning by
NHS England.

In patients with GL metabolic complications are frequent and are generally severe.(2)
Metreleptin is expected to be indicated in patients with congenital or acquired GL, in
adults and children (the age threshold is still to be determined by the CHMP). The
degree of metabolic complications in patients with PL can be varied, with some
patients being treated adequately with lifestyle changes and use of available
antidiabetic and lipid-lowering treatments, while others have significant morbidity and
mortality resembling that of GL requiring a more mechanistically-based therapy
aimed at the underlying leptin deficiency. Based on this, the expected indication for
metreleption is in a subgroup of patients with PL who have clinically similar metabolic
disturbances as patients with GL and who could equally benefit from metreleptin
treatment (the final criteria are yet to be defined by the CHMP).

The care of LD patients in England is expected to remain largely unchanged, with
metreleptin continuing to be given to patients at Addenbrooke's, where metreleptin
will be prescribed within its marketing authorisation to patients with a clinical need. It
is anticipated that metreleptin will be used on top of established clinical management
as per the current clinical practice at Addenbrooke’s.

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.

Currently, metreleptin is the only therapy specifically for LD, and therefore represents
an important step-change in the management of LD. As described in Section 6, LD is
associated with considerable morbidity, mortality and reduced QoL. The major
therapeutic approaches in patients with LD are those used in the related metabolic
disorder, and include diet, insulin, and oral anti-diabetic and lipid lowering agents.
The major problem with this approach is that the metabolic disturbance is severe and
does not respond well to these conventional approaches.(63)

In contrast, metreleptin acts on an underlying cause of GL and PL complications, i.e.
leptin deficiency. Metreleptin therapy leads to an improvement in
hypertriglyceridaemia, insulin resistance, and hyperglycaemia by the following
proposed mechanisms (
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Figure B12) (31)

e Improving insulin suppression of glucose production in the liver and
increasing insulin-stimulated peripheral glucose uptake in the muscle;

¢ Stimulating fatty acid oxidation throughout the body and lowering plasma,
hepatic, and myocellular lipid levels resulting in increased insulin sensitivity;

o Correcting hyperphagia secondary to total or relative leptin deficiency with
concomitant reduction in caloric and fat intake.

Figure B12. Metreleptin acts on the underlying cause of lipodystrophy (leptin
deficiency) which leads to improvement in hypertriglyceridaemia,
insulin resistance, and hyperglycaemia

Disease drivers

Patient impact

Severe insulin resistance Micro- and macro-
scular

vascula
complications

Significant
Liver disease morbidity /
mortality

Organ steatosis

“_ack of fatty acid Liver
oxidation Skeletal
Leptin muscle

deficiency Ectopic fat Kidneys
deposition

Renal failure

Heart Pancreatitis

Hypothalamus Hyperphagia Pancreas

Cardiomyopathy

Physical
appeéarance

Depression * Impact on

atient

Impact on _ - P

> e HRQOL
control > Hyperphagia

Fatigue & Pain*

Page 65 of 281




Abbreviations: HRQoL, health-related quality of life; PCOS, polycystic ovary syndrome
Source: Aegerion, created from expert input and the literature

Therefore, leptin acts via multiple mechanisms to decrease triglyceride and other lipid
intermediates in LD patients, reducing their accumulation in tissues such as liver and
muscle, and ameliorating severe insulin resistance, thereby improving
hyperglycaemia and hypertriglyceridaemia (Figure B13).(14, 43, 64, 65)

Figure B13. Clinical action of metreleptin treatment in LD patients
Healthy Lipodystrophy + Metreleptin
f e &
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tissue Y
Blood Leptin Leptin Leptin
T Satiety : T Satiety
Effect | Hunger Insl—lijsllir?nerrepsr}:?alsce 1 Hunger
T Insulin sensitivity T Insulin sensitivity
Clinical Euglycemia, Diabetes mellitus, Euglycemia,
if N healthy liver, fatty liver, cirrhosis, healthy liver,
manifestation normal TG level hypertriglyceridemia, normal TG level
pancreatitis

Abbreviations: TG, triglycerides Source: Rodriguez, 2015 (5)

Metreleptin is associated with significant benefits over the current standard of care
for which treatment in ineffective or there are no treatment options available: it is
effective in controlling metabolic parameters (HbA1c and triglycerides) that have not
responded to conventional therapy;(9, 10, 56, 61, 66) it can significantly improve
hepatic steatosis and NASH;(57, 58, 64) it is associated with significant
improvements in measures of satiety and decreases in food intake; (54, 55) it has
been shown to halt or in some cases reverse organ damage associated with LD,;
female patients experiencing infertility and other reproductive dysfunction (e.g.,
PCOS) have experienced improvement and successful pregnancy following initiation
of metreleptin; and improvements in the physical appearance of LD patients have
also been reported.(56, 61, 62)

Overall, metreleptin represents an important step-change in the management of LD
patients (GL patients and the subgroup of PL patients), which is providing a single
therapy able to control metabolic abnormalities that are not effectively controlled
through conventional approaches.(5) In this way, metreleptin is anticipated to reduce
the clinical and QoL impact, as well as the cost to the NHS and PSS, associated with
the high disease burden currently experienced by patients on standard of care.
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8.6 Describe any changes to the way current services are organised or
delivered as a result of introducing the technology.

It is not expected that there will be changes to the way current services are organised
or delivered as a result of the introduction of metreleptin on the NHS in England. It is
anticipated that patients will still be referred to Addenbrooke's, the CUH facility for
delivery of the specialised service. There is a chance that approval of metreleptin will
help to raise awareness of this little-known disease — this may result in more patients
being referred to Addenbrooke's (within the context of a rare disease). These
additional patients would not all expected to be suitable candidates for treatment with
metreleptin, but they may nonetheless benefit from the expert management at
Addenbrooke's with interventions like correct diet having a significant favourable
impact.

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.

No additional tests will be needed for selecting or monitoring patients over and above
currently existing technologies. Testing for HbA1c and triglycerides are routine in the
management of LD and tests for leptin are also available at Addenbrooke’s. In the
NHS service specification (Section 8.1.1) metreleptin is specifically indicated for
patients with severe LD and low leptin levels (<10 ug/L) and the national service
selects and treats patients with leptin as is clinically indicated.(8) Therefore, the
resources are already available to identify the patients. (8) Therefore, the resources
are already available to identify the patients. Potential implementation of
commercial/post-marketing neutralising antibody testing in the EU, possibly in
patients with severe or serious infections, is being discussed with the CHMP, but is
currently unresolved.

Metreleptin is administered as a subcutaneous injection by the patient or carer.
Healthcare professionals should provide patients and carers with training on the
reconstitution of the product and proper subcutaneous injection technique, so as to
avoid intramuscular injection in patients with minimal subcutaneous adipose tissue.

Patients and/or carers should prepare and administer the first dose of the medicinal
product under the supervision of a qualified healthcare professional. A review of the
patient’s self-administration technique is recommended every six months whilst
taking metreleptin.

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.

No additional facilities, technologies or infrastructure will be required.
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8.9 Describe any tests, investigations, interventions, facilities or
technologies that would no longer be needed with using this
technology.

There are no tests, investigations, facilities or technologies that would no longer be
needed.
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Section C — Impact of the new technology

9 Published and unpublished clinical evidence

Section C requires sponsors to present published and unpublished clinical evidence

for their technology.

All statements should be evidence-based and directly relevant to the scope. Reasons

for deviating from the scope should be clearly stated and explained.

This section should be read in conjunction with NICE’s ‘Guide to the methods of

technology appraisal’ section 5.2 available from www.nice.org.uk/quidance/ta.

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.

A SLR was carried out to search for trials of metreleptin and trials of relevant
comparators. The objective of the SLR was to: systematically search and review all
available evidence on the clinical effectiveness (including the impact on clinical and
metabolic outcomes) associated with metreleptin as an adjunct to diet as a
replacement therapy and relevant comparators for the treatment of LD. Metreleptin is
the first treatment specifically designed to treat the LD itself; as such the relevant
comparator is standard of care. The search strategy, which was conducted in line
with the documented expected needs of international health technology assessment
(HTA) submission templates including NICE, is detailed in Appendix Section 17.1.
Electronic databases were searched to identify relevant published studies, including
Ovid MEDLINE and MEDLINE In-Process; Ovid EMBASE; Database of Abstracts
and Review of Effects; The Cochrane Library, including the Cochrane Database of
Systematic Reviews and the HTA Database; NHS Economic Evaluation Database;
and the grey literature, as described in Appendix Section 17.1.1 and 17.1.5.
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Unpublished studies

9.1.2 Describe the strategies used to retrieve relevant clinical data from
unpublished sources.

Sources of unpublished data relevant to the NICE scope were provided by Aegerion,
and were assessed according to the same methods as described for the published
sources (please see Section 9.1.1 and Section 17.1).

9.2 Study selection

Published studies

9.2.1 Complete table 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 C11 describes the inclusion and exclusion criteria (PICOS) used to select
studies from the published literature and unpublished studies.

Table C11: Selection criteria used for published and unpublished studies

Inclusion Criteria

Population

Patients with congenital or acquired GL, in adults and children 2
years of age and above

Patients with familial or acquired PL, characterised by leptin level
<12 ng/ml with triglycerides 25.65 mmol/l and/or HbA1c 26.5 %, in
adults and children 2 years of age and above

Patients with rare LD syndromes (e.g. Donohue syndrome,
mandibuloacral dysplasia (type A and type B) and Wiedemann
Rautenstrauch syndrome), in adults and children 2 years of age
and above

Interventions

Studies considering an interventional treatment

Outcomes

Clinical outcomes, including (not limited to): distribution of fat (% fat
loss across face and neck, abdomen, thorax, upper limbs and
lower limbs and number of fat sparing across face and neck
abdomen, upper limb, lower limb, palms and soles), menstrual
irregularities (polycystic ovaries etc.), hirsutism, growth, treatment
related adverse events and mortality associated with LD and
comorbidities associated with underlying disease

Metabolic outcomes, including (not limited to): blood glucose
(fasting glucose mg/dl), serum insulin (insulin (ulU/ml), HbA1c %,
lipid profile (triglycerides mg/dl, total cholesterol mg/dl, HDL-C
mg/dl and LDL-C mg/dl), liver function tests (AST U/L, ALT U/L),
alkaline phosphatase (U/L), blood urea nitrogen (mg/dl), creatinine
(mg/dl) and leptin (ng/ml)

Metabolic complications, including (not limited to): diabetes,
hypertriglyceridemia, insulin resistance and acute pancreatitis
Quality of life outcomes if measured within the trial, including
standardised and non-standardised outcomes
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Study design RCTs, non-RCTs (e.g. single arm ftrials, real world/observational
studies), pooled analyses, retrospective analyses, long-term
extension phase studies, systematic reviews/meta-analyses
Ongoing clinical studies and unpublished reports available
internally at Aegerion Pharmaceuticals (unpublished)

Language None
restrictions
Search dates Journal articles, reports and summaries: No restrictions

Conference abstracts published within the last four years (January
2013-January 2017, inclusive)

Exclusion Criteria

Population HIV-associated LD

LD secondary to drug administration (insulin growth hormone,
steroids, antibiotics and vaccinations)

LD secondary to systemic diseases such as uncontrolled diabetes
mellitus, thyrotoxicosis, anorexia nervosa, malnutrition, malignancy
and chronic infections

LD in children <2 years of age

Interventions Studies considering a non-interventional treatment

Outcomes Studies reporting symptoms or short-term outcomes only

Key search terms including: anatomy, histology, diagnosis,
genetics, preclinical and reaction time

Study design Phase 1 RCTs
Study protocols
Abstract with more recent existing full text publication

Abstract or paper with insufficient reporting on population, study
type or outcomes

Healthy volunteer studies

Animal studies

Editorials/letters

General reviews (other than systematic reviews)

Language -
restrictions

Search dates Conference abstracts published before 2013

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HbA1c, glycated
haemoglobin; HDL-C, high density lipoprotein cholesterol; HIV,Human immunodeficiency virus; LD,
lipodystrophy; LDL-C, low density lipoprotein cholesterol; RCT, randomised controlled trial

9.2.2 Report the numbers of published studies included and excluded at each
stage in an appropriate format.

The electronic database searches initially identified 1975 articles, of which 1794 were
screened after the removal of duplicates (Figure C14). After the initial screening, a
total of 60 articles were retrieved for full-text assessment, of which 29 met the
eligibility criteria. No additional publications were identified from searches of key
international HTA websites or the grey literature. Overall, 26 publications reported on
outcomes from single-arm trials evaluating metreleptin, one publication reported on a
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study evaluating individualised diets with oral zinc supplementation and two
publications reported on a SLR and meta-analysis of metreleptin studies.

Figure C14: PRISMA flow diagram for the identification of studies reporting on the
efficacy and safety of metreleptin and comparators

'
Records identified from electronic
g searches
35 (n =1975)
3
-
s v
% Electronic removal of duplicates
- (n=181)
—
() Records excluded, with
reasons (n = 1734)
o \ 4 Duplicates=255
£ Records for primary screening Date=0
c Intervention=73
o = E—
o (n=1794) Outcomes=10
a Population=1125
Publication type=7
Study type=264
—
M)
Full-text articles excluded, with
> Full-text articles assessed for reasons (n = 31)
= eligibility —> Duplicates=2
% (n=60) Intervention=9
= Outcomes=10
w Study type=10
—

Publications included for data
extraction
(n=29)

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.

Please see Section 9.2.1, which describes the inclusion/exclusion criteria for both
published and unpublished evidence.
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9.2.4 Report the numbers of unpublished studies included and excluded at
each stage in an appropriate format.

Aegerion provided CSRs for the studies NIH 991265/20010769 and FHA101.

9.3 Complete list of relevant studies

The sponsor should provide a PDF copy of all studies included in the submission. For
unpublished studies for which a manuscript is not available, provide a structured
abstract about future journal publication. If a structured abstract is not available, the
sponsor must provide a statement from the authors to verify the data provided.

9.3.1 Provide details of all published and unpublished studies identified using
the selection criteria described in tables C11 and C12.

No randomised controlled trials (RCTs) were identified in the search.
Two relevant single-arm studies were identified in the SLR (Table C12).

NIH 991265/20010769 (NCT00025883). This was an open-label, single-arm study
conducted at the NIH in the US. This study had been ongoing at the NIH from 2000-
2014, with continuous enrolment and variable duration of follow-up. The primary
source of evidence is the CSR provided by Aegerion Pharmaceuticals; this current
CSR is based on all available data from the final integrated analysis on all patients
(N=107) over the 14-year development period of metreleptin.(9) A number of
publications related to this study were identified which were published while the study
was ongoing and thus report on fewer patients than in the CSR.

FHA101 (NCT00677313). This was an open-label expanded access study
designed to provide metreleptin under a treatment IND protocol for the treatment of
patients with diabetes mellitus and/or hypertriglyceridaemia associated with LD.
The primary source of evidence is the CSR provided by Aegerion, which is based on
the final integrated data on all patients from this study;(10) as with study NIH 991265/
20010769 as of December 2014, all patients were either off metreleptin treatment or
had transitioned to commercial product or free-drug programmes.

Table C12: List of relevant studies
Study name Primary study Other references identified Population Intervention
(acronym) reference
NIH CSR(9) Diker-Cohen et al. 2015(66) | Patients with GL | Metreleptin
991265/20010796 or PL

Christensen et al. 2014(67)
Joseph et al. 2014(68)
Safar Zadeh et al. 2013(58)
Muniyappa et al. 2013(69)
Brown et al. 2013(70)

Chan et al. 2011(71)

Park et al. 2007(72)

Oral, et al. 2006(73)

Javor et al. 2005a(14)

(NCT00025883)
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Study name Primary study Other references identified Population Intervention
(acronym) reference

Javor et al. 2005b(57)
Musso, et al. 2005(60)
Moran, et al. 2004(55)
Petersen et al. 2002(74)
Oral et al. 2002(75)

FHA101 CSR(10) Ajluni et al. 2016(61) Patients with GL | Metreleptin
(NCTO00677313) or PL

Abbreviations: CSR, clinical study report; GL, generalised lipodystrophy; PL, partial lipodystrophy

9.3.2 State the rationale behind excluding any of the published studies listed
in tables C13 and C14.

The following publications were excluded (Table C13). These studies were not
included in the EMA (or the FDA) application; they only include a small number of
patients and/or a population not relevant to this submission e.g. Japanese patients
and/or PL patients who are not specific to the sought after indicated population.

Table C13: Excluded published studies

Primary study reference Study name Population Intervention
(acronym)

Beltrand et al. 2007 (76) _ Children with BSCL (N=7) Metreleptin

Full publication

Beltrand, et al. 2010 (77) _ Children with BSCL (N=8) Metreleptin

Full publication

Simha, et al. 2012 (78) NCT00457938 FPLD2 patients (N=24) Metreleptin
Full publication

Asthana, et al. 2015 (79)
Abstract

GL (N=9) or PL (N=8) (N=17) Metreleptin

Brown, et al. 2015 (80) Previously leptin-treated (N=5, Metreleptin
Abstract all GL, treatmept duration 1-12
years) and leptin-naive (N=10, 9
PL) subjects (N=15)

Ebihara, et al. 2007 (81)
Full publication

GL patients (Japanese) (N=7) Metreleptin

Schlogl, et al. 2016 (82)
Full publication

Patients with GL or PL (N=9) Metreleptin

Vatier, et al 2016 (83) EAP Patients with GL or PL (N=16) Metreleptin

Araujo-Vilar, et al. 2015 (56) | EAP Patients with GL or PL (N=9) Metreleptin

Abbreviations: BSCL, Berardinelli-Seip congenital lipodystrophy; EAP, Early Access Programme;
FPLD2, familial partial lipodystrophy, Dunnigan variety; GL, generalised lipodystrophy; PL, partial
lipodystrophy
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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 C15 and C16 as appropriate. A
separate table should be completed for each study

9.4.1.1 Study NIH 991265/20010769

Study NIH 991265/20010769 was an open-label, investigator-sponsored trial
conducted at the NIH to examine whether treatment with metreleptin could improve
the metabolic sequelae, including pathological derangements in glucose and lipid
homeostasis, found in patients with LD syndromes.(66, 75, 84) Patients were
enrolled from the US, countries in Europe including the UK, and other countries.(9)

Study NIH 991265 was a pilot, dose-escalation study to determine the safety and
efficacy of short-term leptin replacement (up to 8 months) and NIH 20010769 was
conducted to determine the long-term safety and efficacy of metreleptin treatment for
patients with LD.(66, 75, 84) Study NIH 20010769 allowed for the rollover of patients
from the pilot study, as well as for direct enrolment of new patients. Although
conducted as separate studies, NIH 991265 and NIH 20010769 can be considered
as a single extended study since the two studies employed a similar protocol and all
but one of the patients studied under the pilot study continued long-term treatment in
the second study. The study was conducted in the US where metreleptin was
approved by the FDA in 2014. As of December 2014, all patients were either off
metreleptin treatment or had transitioned to commercial product or free-drug
programmes.(9)

Figure C15 presents the study design and the visit structure for patients enrolled in
study NIH 991265 and 20010769. Patients on the pilot study who elected to continue
metreleptin treatment were transferred to the long-term study at ~Month 8 of
treatment.

Figure C15:  Study design for studies (a) NIH 991265 and (b) NIH 20010769

(a)

Metreleptin dose escalation [1] | Step 1| Step ‘ Target Dose

t t

[initiation | [escalation | [ escalation]
T

Day)Month M)[2]: DI D7 D22 MI M2 M4 M6 MS MIO MI2  MI6 M20
| | |

v

——

Screening/baseline evaluations

Study 991265 Study 20010769

[1] Metreleptin target dose for each patient was achieved via a 2-step dose escalation.
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[2] Following the first dose on Day 7, patients were observed as inpatients for at least 48 hours. Patients
were not required to visit the site on Day 22.

(b)

Stepl | Step2 Target Dose

3

Metreleptin do;eescalation[l]w. o] o I ]

| Every 6
Day (D)/Month (M) [2]: D1 D7 Di4 D21 M1 M2 M4 M8 Mi12 M18 M24 months [3]
| | | | I | | | | Ly
| I I I I | | I I

[—
Screemungz’ baselne evaluahons

Study 20010769

[1] Metreleptin target dose for each patient was initially achieved via a 2-step dose escalation. As
knowledge was gained, patients who initiated later started at higher doses and required minimal to no
dose escalation.

[2] Following the first dose on Day 7, patients were observed as inpatients for at least 48 hours. Patients
were not required to visit the site on Day 14 or Day 21.

Source: Study NIH 991265/20010769 CS R(9)

Patients received self-administered (by the patient or caregiver) subcutaneously
metreleptin injections in one to two daily doses ranging from 0.06 to 0.24 mg/kg/day
in study NIH 20010769 (0.01 to 0.08 mg/kg/day in study NIH 991265). Starting doses
were dependent on age and gender, and doses were adjusted to achieve metabolic
control and avoid excessive weight loss. Anti-hyperglycaemic and lipid-lowering
regimens were modified if clinically indicated.

The co-primary efficacy endpoints in this study were: actual change from baseline in
HbA1c at Month 12, and percent change from baseline in fasting serum triglycerides
at Month 12.

A summary of the methodology is shown in
Table C14.

Table C14: Summary of methodology for study NIH 991265/20010769

Study name NIH 991265/20010769

Objective To evaluate the safety and efficacy of recombinant methionyl human leptin (metreleptin)
replacement in patients with GL and PL

Location The studies were conducted at the NIH, however patients were also enrolled from
countries outside the US:

GL: 59% were from the US; 20% from Europe/Eastern Mediterranean (Belgium, UK,
Germany, ltaly, Lithuania, Spain, Turkey, Albania, Israel, and Serbia); 18% from other
countries.*

PL: 78% from the US, 7% from Europe/Eastern Mediterranean; 15% from other countries*
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Design

Open-label, single-arm

Duration of study

Continuous enrolment over 14 years (2000-2014):
NIH 991265: 8 months

NIH 20010769: Primary endpoint evaluated at 12 months; longer-term efficacy data
presented at 36 months

Patient population

Patients with GL or PL

Sample size

N=107 (GL=66; PL=41; PL subgroup®=31)*

Inclusion criteria

Age: Study NIH 2001769: 6 months; Study NIH 991265: >5 years

Clinically significant LD identified as an absence of fat outside the range of normal
variation and/or identified as a disfiguring factor by the patient

Circulating leptin levels: Study NIH 2001769: <12.0 ng/mL in females, <8.0 ng/mL in
males and <6 ng/mL in children 6 months- 5 years; Study NIH 991265: <8.0 ng/mL in
females and <6.0 ng/mL in males

Presence of at least 1 of the following metabolic abnormalities:

. Presence of diabetes mellitus

e  Fasting insulin concentration >30 pU/mL (208.4 pmol/L)

. Fasting triglyceride concentration >200 mg/dL (>2.26 mmol/L), or postprandially
elevated triglyceride concentration?

Triglyceride concentration >500 mg/dL (>5.65 mmol/L) when fasting is not clinically
indicated (e.g., infants)?

Exclusion criteria

General: Pregnant women, women in their reproductive years who did not use an
effective method of birth control, and women who were nursing or who were lactating
within 6 weeks of having completed nursing.

Exclusions for underlying disease likely to increase side effects or to hinder objective data
collection:

e  Known infectious liver disease (in Study NIH 99165, known liver disease due to
causes other than NASH)

. Known human immunodeficiency (HIV) infection

e Current alcohol or substance abuse

. Psychiatric disorder impeding competence or compliance
. Active tuberculosis

. Use of anorexigenic drugs

e  Other condition(s) that in the opinion of the clinical investigators would impede
completion of the study

Patients who have a known hypersensitivity to Escherichia coli-derived proteins

Statistical tests*

The primary and key secondary efficacy analyses were performed primarily on the FAS
(all patients who received at least 1 dose of study drug and had either primary efficacy
parameter of interest measured at baseline and at least one post-baseline visit).

The primary and key secondary endpoints were summarised using descriptive statistics

and 95% Cls. P values for the primary endpoints were computed using paired t-tests to

determine if the change from baseline to Month 12 was significantly different from 0, at a
one-sided a-level of 0.025.

The LOCF method was used to impute any missing Month 12 results. The imputation only
took into account results that were at least 6 months (180 days) post-baseline. Thus, the
analysis included all patients that had baseline and at least Day 180 measurements.

A MMRM analysis was used to assess changes over time for the entire duration of the
study.

Primary outcomes

e  Actual change from baseline in HbA1c at Month 12
Percent change from baseline in fasting serum triglycerides at Month 12

Key secondary
outcomes

Proportion of patients achieving target actual decreases of:
e  21% decrease in HbA1c or 230% decrease in fasting serum triglycerides at Month 12

e 21.5% decrease in HbA1c or 235% decrease in fasting serum triglycerides at Month
12

. 2% decrease in HbA1c or 240% decrease in fasting serum triglycerides at Month 12
Actual and percent change from baseline in fasting plasma glucose levels at Month 12
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Other relevant e Actual change from baseline in HbA1c at each post-baseline visit

se?ondary . Percent and actual change from baseline in fasting serum triglycerides at each
outcomes postbaseline visit
e Actual and percent change from baseline in fasting lipids (total cholesterol, LDL-C,
HDL-C) through Month 12
e  Actual change from baseline in ALT and AST at each post-baseline visit through
Month 12
Actual change from baseline in liver volume at each post-baseline visit through Month 12
Other endpoints of e Assessment of concomitant medications

relevance e  Adverse events (including deaths, and cases of pancreatitis and infections)

. Growth and pubertal status
Liver volume and pathology: Ultrasound of the liver and, if abnormalities are found,
possibly liver biopsies

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl,confidence interval; FAS, full
analysis set; FFA, free fatty acid; GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; HDL-C, high
density lipoprotein cholesterol; HIV, human immunodeficiency virus; LD, lipodystrophy; LDL-C, low density
lipoprotein cholesterol; LOCF, last observation carried forward; MMRM, Mixed-effect Model Repeated Measures;
NASH, non-alcoholic steatohepatitis; NIH, National Institutes of Health; PL, partial lipodystrophy; UK, United
Kingdom; US, United States

2PL subgroup = patients with baseline HbA1c 26.5% and/or triglycerides 25.65 mmol/L
® Inclusion criteria for study NIH 20010769 (but not NIH 991265)

Source: Oral 2002(75); Diker-Cohen 2015 (66); Clinicaltrials.gov NCT00025883 (84); *Study NIH 991265/20010769
CSR (9)

9.4.1.2 Study FHA101

Study FHA101 was an open-label, expanded access study designed to provide
metreleptin for the treatment of patients with diabetes mellitus and/or
hypertriglyceridaemia associated with LD. The study was initiated in 2008 in the US
and as with study NIH991265/ 20010769 as of December 2014, all patients were
either off metreleptin treatment or had transitioned to commercial product or free-
drug programmes.(10) All patients were enrolled from the US.

On Day 1 and after collection of baseline measurements and training, patients or
caregivers injected metreleptin subcutaneously at 0.02 mg/kg twice daily (BID) for
one week, modified to one month in June 2009, followed by 0.04 mg/kg BID (Figure
C16). Dosage adjustments were allowed based on patient response. Dose titration
up to 0.08 mg/kg BID was allowed if there were no improvements in metabolic
parameters, and a reduction in target dose was permitted if tolerability became an
issue. If metabolic parameters were stabilised after one year of treatment, then a
decrease in dosing frequency from BID to once daily was allowed. Patients continued
concomitant glucose-and lipid-lowering medications after the baseline visit, and
further adjustments were permitted at the discretion of the treating physician.

Patients met with their treating physician one week after the first treatment and
monthly for the first 3 months, followed by every 3 months throughout the first year.
Following one year of treatment, patient visits were scheduled every 6 months or
more frequently as deemed appropriate by the Investigator.
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Figure C16:

Metreleptin dose:

Visit frequency:

Study design for FHA101

0.02 mgl/kg BID 0.04 mg/kg BID*

Visit:

Weekly Monthly Every 3 months
—t———t——t——t——t+—+—>
Baseline D1 w1 w2 M1 M3 M6 M12

Abbreviations: BID = twice daily; D = day; M = month; W = week.
*Metreleptin dose titration up to 0.08 mg/kg BID was allowed if there were no improvements in metabolic
parameters, and a reduction in target dose was permitted if tolerability became an issue.

Source: Ajluni 2016(61)

The co-primary efficacy endpoints in this study were: actual change from baseline in
HbA1c at Month 12, and percent change from baseline in fasting serum triglycerides

at Month 12.

A summary of the methodology is shown in Table C15.

Table C15:

Summary of methodology for study FHA101

Study name

NIH 991265/20010769

Objective To evaluate the safety and efficacy of recombinant methionyl human
leptin (metreleptin) replacement in patients with GL and PL

Location The studies were conducted at the NIH, however patients were also
enrolled from countries outside the US:
GL: 59% were from the US; 20% from Europe/Eastern Mediterranean
(Belgium, UK, Germany, ltaly, Lithuania, Spain, Turkey, Albania,
Israel, and Serbia); 18% from other countries.*
PL: 78% from the US, 7% from Europe/Eastern Mediterranean; 15%
from other countries*

Design Open-label, single-arm

Duration of Continuous enrolment over 14 years (2000-2014):

study NIH 991265: 8 months
NIH 20010769: Primary endpoint evaluated at 12 months; longer-term
efficacy data presented at 36 months

Patient Patients with GL or PL

population

Sample size

N=107 (GL=66; PL=41; PL subgroupa=31)*

Inclusion criteria

Age: Study NIH 2001769: 6 months; Study NIH 991265: >5 years

Clinically significant LD identified as an absence of fat outside the
range of normal variation and/or identified as a disfiguring factor by
the patient

Circulating leptin levels: Study NIH 2001769: <12.0 ng/mL in females,
<8.0 ng/mL in males and <6 ng/mL in children 6 months- 5 years;
Study NIH 991265: <8.0 ng/mL in females and <6.0 ng/mL in males

Presence of at least 1 of the following metabolic abnormalities:

e Presence of diabetes mellitus
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e Fasting insulin concentration >30 pU/mL (208.4 pmol/L)

e Fasting triglyceride concentration >200 mg/dL (>2.26 mmol/L), or
postprandially elevated triglyceride concentrationa

Triglyceride concentration >500 mg/dL (>5.65 mmol/L) when fasting is

not clinically indicated (e.g., infants)b

Exclusion
criteria

General: Pregnant women, women in their reproductive years who did
not use an effective method of birth control, and women who were
nursing or who were lactating within 6 weeks of having completed
nursing.
Exclusions for underlying disease likely to increase side effects or to
hinder objective data collection:

e Known infectious liver disease (in Study NIH 99165, known liver
disease due to causes other than NASH)
Known human immunodeficiency (HIV) infection
Current alcohol or substance abuse
Psychiatric disorder impeding competence or compliance
Active tuberculosis
Use of anorexigenic drugs
Other condition(s) that in the opinion of the clinical investigators
would impede completion of the study
o Patients who have a known hypersensitivity to Escherichia coli-

derived proteins

Statistical tests*

The primary and key secondary efficacy analyses were performed
primarily on the FAS (all patients who received at least 1 dose of study
drug and had either primary efficacy parameter of interest measured
at baseline and at least one post-baseline visit).

The primary and key secondary endpoints were summarised using
descriptive statistics and 95% Cls. P values for the primary endpoints
were computed using paired t-tests to determine if the change from
baseline to Month 12 was significantly different from 0, at a one-sided
a-level of 0.025.

The LOCF method was used to impute any missing Month 12 results.
The imputation only took into account results that were at least 6
months (180 days) post-baseline. Thus, the analysis included all
patients that had baseline and at least Day 180 measurements.

A MMRM analysis was used to assess changes over time for the
entire duration of the study.

Primary
outcomes

e Actual change from baseline in HbA1c at Month 12

e Percent change from baseline in fasting serum triglycerides at
Month 12

Key secondary
outcomes

Proportion of patients achieving target actual decreases of:

o >1% decrease in HbA1c or 230% decrease in fasting serum
triglycerides at Month 12

o 21.5% decrease in HbA1c or 235% decrease in fasting serum
triglycerides at Month 12

e 22% decrease in HbA1c or 240% decrease in fasting serum
triglycerides at Month 12

e Actual and percent change from baseline in fasting plasma
glucose levels at Month 12
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Other relevant
secondary
outcomes

o Actual change from baseline in HbA1c at each post-baseline visit

e Percent and actual change from baseline in fasting serum
triglycerides at each postbaseline visit

¢ Actual and percent change from baseline in fasting lipids (total
cholesterol, LDL-C, HDL-C) through Month 12

¢ Actual change from baseline in ALT and AST at each post-
baseline visit through Month 12

¢ Actual change from baseline in liver volume at each post-
baseline visit through Month 12

Other endpoints
of relevance

e Assessment of concomitant medications

e Adverse events (including deaths, and cases of pancreatitis and
infections)

e Growth and pubertal status

e Liver volume and pathology: Ultrasound of the liver and, if
abnormalities are found, possibly liver biopsies

Study name FHA101

Objective To provide expanded access to metreleptin to patients with LD and
associated metabolic disorders such as diabetes mellitus and/or
hypertriglyceridaemia and to test the safety and efficacy of metreleptin
in this population of patients.

Location Six centres in the US*

Design Open-label, expanded-access

Duration of study

Continuous enrolment over 6 years (2008-2014)*:

Primary endpoint evaluated at 12 months; longer-term efficacy data
presented at 36 months

Patient population

Patients with GL or PL (including subgroup of PL patients with
baseline leptin <12 ng/mL and HbA1c 26.5% and/or triglycerides
25.65 mmol/L)

Sample size

N=41 (GL=9; PL=32; PL subgroup=7)*

Inclusion criteria

Male or female =5 years old

Physician-confirmed LD as defined by evidence of generalised (whole
body) or partial (limbs) loss of body fat outside the range of normal
variation

Diagnosed with at least 1 of the following 2 metabolic disorders:
e Diabetes mellitus

o Hypertriglyceridaemia as defined by fasting triglyceride
concentrations >2.26 mmol/L (>200 mg/dL)

Exclusion
criteria

Diagnosed with human immunodeficiency virus (HIV) infection
Clinically significant medical condition that could potentially affect
study participation and/or personal well-being, as judged by the
Investigator

Acquired LD and clinically significant haematologic abnormalities
(such as neutropaenia and/or lymphadenopathy)

Known infectious liver disease

Known allergies to E. coli-derived proteins or hypersensitivity to any
component of study treatment

Statistical tests*

The primary and key secondary efficacy analyses were performed
primarily on the FAS (all patients who received at least 1 dose of study
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drug and had either primary efficacy parameter of interest measured
at baseline and at least one post-baseline visit).

The primary and key secondary endpoints were summarised using
descriptive statistics and 95% Cls. P values for the primary endpoints
were computed using paired t-tests to determine if the change from
baseline to Month 12 was significantly different from 0, at a one-sided
a-level of 0.025.

The LOCF method was used to impute any missing Month 12 results.
The imputation only took into account results that were at least 6
months (180 days) post-baseline. Thus, analysis of primary efficacy
endpoints included all patients that have baseline and at least Month 6
measurements.

A MMRM analysis was used to assess changes over time for the
entire duration of the study.

Primary
outcomes

e Actual change from baseline in HbA1c at Month 12

e Percent change from baseline in fasting serum triglycerides at
Month 12

Key secondary
outcomes

Proportion of patients achieving target actual decreases of:

o >1% actual decrease in HbA1c or 230% decrease in fasting
triglycerides at Month 12

o 21.5% decrease in HbA1c or 235% decrease in fasting
triglycerides at Month 12

o 22% actual decrease in HbA1c or 240% decrease in fasting
triglycerides at Month 12

e Actual and percent change from baseline for fasting glucose
levels at Month 12

Other relevant
secondary
outcomes

¢ Actual change from baseline in HbA1c at each post-baseline visit

e Percent and actual change from baseline in fasting serum
triglycerides at each postbaseline visit

e Actual change from baseline in ALT and AST at each post-
baseline visit through Month 12

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence
interval; FAS, full analysis set; FFA, free fatty acid; GL,generalised lipodystrophy; HbA1c, glycated
haemoglobin; HDL-C, high density lipoprotein cholesterol; HIV, human immunodeficiency virus; LD,
lipodystrophy; LDL-C, low density lipoprotein cholesterol; LOCF, last observation carried forward;
MMRM, Mixed-effect Model Repeated Measures; NASH, non-alcoholic steatohepatitis; NIH, National
Institutes of Health; PL, partial lipodystrophy; UK, United Kingdom; US, United States

@ PL subgroup = patients with baseline HbA1c =6.5% and/or triglycerides =5.65 mmol/L

b Inclusion criteria for study NIH 20010769 (but not NIH 991265)

Source: Clinicaltrials.gov NCT00677313(85); Ajluni, 2016 (61); *Study FHA101 CSR (10)

9.4.2 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).

Table C12 in Section 9.3.1 presents all studies and sources identified in the SLR.
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9.4.3 Highlight any differences between patient populations and methodology
in all included studies.

9.4.3.1 Patient population

Study NIH 991265/20010769 enrolled and treated more patients than FHA101: 107
patients in NIH 991265/20010769 (66 patients had GL and 41 had PL, including 31
patients who were included in the PL subgroup) and 41 in study FHA101 (9 patients
had GL and 32 had PL, including 7 patients in the PL subgroup). Although study NIH
991265/20010769 was conducted in the US at the NIH, patients were also enrolled
from other countries including in Europe/Eastern Mediterranean countries (see

Table C14). All patients in FHA101 were from the US.
9.4.3.2 Baseline characteristics

Baseline characteristics for studies NIH 991265/20010769 and FHA101 are shown in
Table C16 and Table C17, respectively.

Baseline demographics

Among the 66 patients with GL in study NIH 991265/20010769, 77% were female
with Caucasians representing 47% of the population; in the PL subgroup, all but 1 of
the 31 patients was female and the majority were Caucasian (84%) (Table C16). In
study FHA101, 8 (89%) of the 9 GL patients and all 7 patients in the PL subgroup
were female, and the majority were Caucasian (Table C17).

In study NIH 991265/20010769 the median age of the GL group was 15 years with
68% of patients <18 years of age; patients in the PL subgroup were older (median
age 38 years) compared with patients in the GL group, with 84% =18 years of age.

In study FHA101 most patients in both groups were =218 years of age at the time of
enrolment.

Baseline metabolic abnormalities

Baseline data for HbA1c, triglycerides, and glucose levels reflect the severity of the
metabolic abnormalities observed in patients with LD and clearly show that the PL
subgroup selected for evaluation of the effectiveness of metreleptin was similar, if not
more compromised, compared to the group of patients with GL (Table C16 and Table
C17). These metabolic abnormalities were present despite the high use of
antidiabetic medications and lipid-lowering therapies.

In study NIH 991265/20010769 median HbA1c at baseline was 8.7% for patients with
GL and 8.6% for patients in the PL subgroup (Table C16). The majority of patients
met the diagnostic criteria for diabetes mellitus having HbA1c 26.5% at baseline,
including 74% of GL patients and 94% of patients in the PL subgroup; poor
glycaemic control as evidenced by HbA1c 28% was noted in 64% and 61% of
patients, respectively. The median fasting triglyceride concentration was 4.6 mmol/L
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in GL patients and was higher in the PL subgroup with a median of 5.5 mmol/L,
indicating the severity of hypertriglyceridaemia in this subgroup of patients.

In general, the baseline metabolic abnormalities for patients in study FHA101,
although abnormal, were not as elevated as those for patients in study NIH
991265/20010769 (Table C17). Median HbA1c at baseline was 8.4% for the 9
patients with GL and 7.6% for the 7 patients in the PL subgroup, with 67% and 86%,
respectively, having HbA1c 26.5% at baseline. Median fasting triglyceride
concentrations were 3.3 mmol/L in GL patients and 2.9 mmol/L in the PL subgroup,
with 6 patients (67%) and 4 patients (57%), respectively, having triglyceride levels
22.26 mmol/L, and 3 patients (33%) and 1 patient (14%) having triglyceride levels
=25.65 mmol/L.

Table C16: Baseline characteristics for study NIH 991265/20010769

Characteristic GL (N = 66) PL (N =41)

PL subgroup? Overall (N = 41)

(N=31)
Female, n (%) 51 (77.3) 30 (96.8) 40 (97.6)
Race, n (%)
Caucasian 31 (47.0) 26 (83.9) 36 (87.8)
Black 16 (24.2) 0 0
Asian/Native 3(4.5)/2(3.0)/ 11 1(3.2)/0/2 1(2.4)/0/2(4.9) 2
American/Hispanic/Other (16.7)/ 3 (4.5) (6.5)/ 2 (6.5) (4.9)
Age, years, median (range) 15.0 (1.0, 68.0) 38.0 (15.0, 64.0) 34.0 (10.0, 64.0)
<18 years 45 (68.2) 5(16.1) 8 (19.5)
218 years 21 (31.8) 26 (83.9) 33 (80.5)
LD type, n (%)
Acquired 21(31.8) 4(12.9) 6 (14.6)
Congenital/Familial 45 (68.2) 27 (87.1) 35 (85.4)
Fasting leptin, ng/ml, median 1.0 (0.2, 5.3) 5.9 (1.6, 16.9) 5.9(1.0, 16.9)
(range)
BMI, kg/m?, median (range) 20.5 (14.0, 29.5) 25.1 (18.6,33.3) | 25.3 (17.7, 33.3)
HbA1c, %
Median (range) 8.7 (4.5,13.7) 8.6 (5.7, 13.3) 7.8 (4.6, 13.3)
26.5, n (%) 49 (74.2) 29 (93.5) 29 (70.7)
28.0, n (%) 42 (63.6) 19 (61.3) 19 (46.3)
Fasting plasma glucose, 10.3 (5.04) 9.9 (4.33) 8.7 (4.35)
mmol/L, median (range)
Fasting triglycerides, mmol/L
Median (range) 14.5 (25.29) 14.8 (25.72) 12.0 (22.85)
22.26 mmol/L 50 (75.8) 27 (87.1) 34 (82.9)
25.65 mmol/L 26 (39.4) 15 (48.4) 15 (36.6)
ALT, >ULN, n (%) 49 (74.2) 9 (29.0) 14 (34.1)
AST, >ULN, n (%) 36 (54.5) 7 (22.6) 10 (24.4)
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baseline, n (%)

Anti-diabetic medications at 53 (80.3) 30 (96.8) 37 (90.2)
baseline, n (%)
Lipid-lowering medications at 34 (51.5) 26 (83.9) 34 (82.9)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; LD, lipodystrophy; PL, partial
lipodystrophy; ULN, upper limit of normal

@ PL subgroup, patients with baseline HbA1c 26.5% and/or triglycerides 25.65 mmol/L

Source: Study NIH 991265/20010769 CSR (9)

Table C17: Baseline characteristics for study FHA101
Characteristic GL PL (N = 32)
(N=9) PL subgroup® (N | Overall

=7) (N=32)
Female, n (%) 8 (88.9) 7 (100.0) 31 (96.9)
Race n (%)
Caucasian 8 (88.9) 5(71.4) 22 (68.8)
Black 1(11.1) 2 (28.6) 3(9.4)
Asian/Native 0/0/0/0 0/0/0/0 1(3.1)/ 2 (6.3)/

American/Hispanic/Other

1(3.1)/ 3 (9.4)

Age, median (range)

25.0 (9.0, 67.0)

42.0 (23.0, 57.0)

44.5 (23.0, 67.0)

<18 years 3(33.3) 0 0

=18 years 6 (66.7) 7 (100.0) 32 (100.0)
LD type

Acquired 6 (66.7) 1(14.3) 3(9.4)
Congenital/Familial 2 (22.2) 6 (85.7) 29 (90.6)

BMI, kg/m?, median (range)

21.3 (13.9, 38.4)

27.6 (20.9, 30.5)

30.3 (19.1, 41.2)

HbA1c, %

baseline, n (%)

Median (range) 8.4 (5.1,10.2) 7.6 (5.7,11.1) 8.0 (5.6, 12.8)
26.5, n (%) 6 (66.7) 6 (85.7) 27 (84.4)
28.0, n (%) 5 (55.6) 2 (28.6) 16 (50.0)
Fasting plasma glucose, 10.4 (4.2, 23.3) 7.4(5.1,13.4) 7.8 (2.0, 15.0)
mmol/L, median (range)

Fasting triglycerides, mmol/L,

Median (range) 3.3(1.5,119.9) 2.9(0.7, 14.0) 3.2(0.7,50.4)
22.26 mmol/L 6 (66.7) 4 (57.1) 23 (71.9)
>5.65 mmol/L 3(33.3) 1(14.3) 7(21.9)

ALT, >ULN, n (%) 5 (55.6) 5(71.4) 23 (71.9)
AST, >ULN, n (%) 4 (44.4) 2 (28.6) 9 (28.1)
Anti-diabetic medications at 2 (22.2) 6 (85.7) 19 (59.4)
baseline, n (%)

Lipid-lowering medications at 2 (22.2) 6 (85.7) 19 (59.4)
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Abbreviations: ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body
mass index; GL = generalised lipodystrophy; LD = lipodystrophy; HbA1c = glycated haemoglobin; PL
= partial lipodystrophy; ULN = upper limit of normal

aPL subgroup = patients with baseline leptin <12 ng/mL and HbA1c 26.5% and/or triglycerides 25.65
mmol/L

Source: Study FHA101 CSR (10)

Baseline co-morbidities and medication history

In study NIH 991265/20010769 all 107 patients had at least one medical history
event reported. The most commonly reported medical history findings in GL patients
were hypertriglyceridaemia (71%) and diabetes mellitus (70%). Other relevant
medical history included hepatomegaly/ hepatosplenomegaly (62%),
NASH/steatohepatitis (52%), proteinuria (45%), pancreatitis (27%), and hepatic
steatosis (24%).

Consistent with the severity of the defined PL subgroup, 94% of these patients had a
history of hypertriglyceridaemia and 84% had diabetes mellitus. Hepatic steatosis
and pancreatitis were each reported in 39% of PL subgroup patients and 26% had
NASH or steatohepatitis.

The majority of patients in the GL group (80%) and PL subgroup (97%) were
receiving antidiabetic medications at study entry (Table C16), with 59% and 55%,
respectively, receiving insulin. Overall, 19 GL patients (15%) and 11 patients in the
PL subgroup (35%) were receiving the U-500 form of insulin at study baseline,
reflective of the severe insulin resistance that many of these patients have due to
their disease. Lipid-lowering therapies were more commonly administered in patients
in the PL subgroup (84%) compared to those with GL (52%) — reflective of the
significant hypertriglyceridaemia in this subgroup of patients.

For study FHA101 only limited data were available for medical history and
concomitant medications in this study as the data were only captured at one study
site.

9.4.3.3 Methodology

Both study NIH 991265/20010769 and study FHA101 had a similar study design as
they were both open-label, single-arm clinical trials designed to evaluate the safety
and efficacy of metreleptin in patients with GL and PL. In both studies the efficacy of
treatment was evaluated primarily by assessment of changes over time in HbA1c and
fasting serum triglyceride levels. In study NIH 991265/20010769 changes in plasma
glucose, liver volume, other lipid parameters (total cholesterol, LDL-C, HDL-C), and
liver function tests (ALT and AST) were also evaluated as measures of the efficacy of
treatment. As FHA101 was a treatment IND study, only HbA1c, glucose,
triglycerides, and liver function tests were evaluated for efficacy.

9.4.3.4 Exposure

In study NIH 991265/20010769 most patients (54%) received metreleptin for more
Page 86 of 281



than 3 years. Total patient-years of exposure were 328.3 years for the GL group and
121.3 years for the PL subgroup and median overall durations of treatment were 49.9
months and 29.3 months, respectively. The shorter duration of treatment in the PL
subgroup is related to the fact that most PL patients, who, in general, have higher
leptin levels, were not eligible for the study until 5 years after the start when the
eligibility criteria were modified to increase eligible leptin levels.

The median weighted average daily dose over the study period in GL patients was
4.4 mg or 0.093 mg/kg and, consistent with the dosing recommendations, was lower
in males (3.0 mg; 0.057 mg/kg) than females (5.0 mg; 0.099 mg/kg). For patients in
the PL subgroup, the median weighted average daily dose over the study period (8.2
mg) was higher than the GL group; however, on a mg/kg basis, the median weighted
average daily dose of 0.119 mg/kg was consistent with females in the GL group (all
but 1 patient in the PL subgroup was female).

In study FHA101 median overall duration of treatment was 21.3 months for the 9 GL
patients and 53.1 months for the 7 patients in the PL subgroup.

9.4.4 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.

The NIH 991265/20010769 and FHA studies included a retrospective subgroup of
patients with a diagnosis of PL and the more severe metabolic abnormalities
according to the original indication being sought: HbA1c =26.5% and/or triglycerides
25.65 mmol/L at baseline. This criteria, however, is likely to change in the final
indication.

Study NIH 991265/20010769 included specific eligibility criteria for leptin levels (<12
ng/mL for females and <8 ng/mL for males >5 years). As study FHA101 did not have
set leptin levels for study entry, the PL subgroup definition for this study required
patients to have leptin levels <12 ng/mL to be consistent with the entry criteria for
Study NIH 991265/20010769. Of note, only patients enrolled at one study site (the
University of Michigan study site) had baseline leptin levels measured; all patients in
the PL subgroup are from that single study site.

Pre-specified subgroup analyses were performed based on a number of baseline
factors, including metabolic abnormalities, age, LD subtype, and region. The purpose
of these comparisons was to show whether treatment effects are observed
consistently across relevant populations. The results presented are primarily based
on the pivotal study NIH 991265/20010769, where the sample size allows for
comparison across most subgroups (Section 9.6.1.5). As study FHA101 evaluated
only 9 GL patients and 7 patients in the PL subgroup, analyses across subgroups
were limited in their conclusions. The statistical analysis plan (SAP) was finalised
before the database lock.

Page 87 of 281



9.4.5 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.

Disposition for the 107 patients enrolled and treated in study NIH 991265/20010769

is summarised in

Table C18.
Table C18: Patient disposition for study NIH 991265/20010769

Disposition parameter GL PL (N = 41)

(Ni=166) PL subgroup® | Overall

(N =31) (N =41)

Total number of patients
Treated 66 31 41
Premature discontinuation 23 (34.8) 11 (35.5) 15 (36.6)
Primary reason for premature Discontinuation
Noncompliance 5(7.6) 6 (19.4) 6 (14.6)
Death 3(4.5) 13.2) 1(24)
Ineligibility determined 2 (3.0) 0 0
Adverse event 1(1.5) 0 0
Lost to follow-up 1(1.5) 0 0
Other: 11 (16.7) 4 (12.9) 8 (19.5)
Transferred to other program 8 1 2
Lack of efficacy/No benefit 1 3 5
Other® 2 0 1
Patients contacted for follow-up® 38 (57.6) 20 (64.5) 26 (63.4)
Abbreviations: GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; PL, partial
lipodystrophy
@ PL subgroup, patients with baseline HbA1c =6.5% and/or triglycerides =5.65 mmol/L
b Other reasons included diagnosis of bipolar disorder; health issues, and off for gastric bypass
surgery
¢ Patients who were on treatment at the time of approval of metreleptin in the US were contacted to
determine if and how they were able to continue on therapy

Source: Study NIH 991265/20010769 CSR (9)

Disposition for the 41 patients enrolled and treated in study FHA101 is

summarised in
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Table C19.
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Table C19: Patient disposition for study FHA101

Disposition parameter GL PL (N = 32)
(N=9) PL subgroup? Overall
) (N = 32)
Total number of patients
Treated 9 (100.0) 7 (100.0) 32 (100.0)
Premature discontinuation 4 (44.4) 2 (28.6) 20 (62.5)

Primary reason for premature
discontinuation

Adverse event 0 0 3(9.4)
Lost to follow-up 1(11.1) 0 1(3.1)
Death 1(11.1) 0 1(3.1)
Physician decision 1(11.1) 1(14.3) 6 (18.8)
Withdrawal by patient 1(11.1) 1(14.3) 9 (28.1)
Patients contacted for follow-up 2 (22.2) 0 4 (12.5)

Abbreviations: GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; PL,partial lipodystrophy

aPL subgroup, patients with baseline leptin <12 ng/mL and HbA1c¢ 26.5% and/or triglycerides 25.65
mmol/L

Source: Study FHA101 CSR (10)

9.4.6 If applicable provide details of and the rationale for, patients that were
lost to follow-up or withdrew from the studies.

In study NIH 991265/20010769 approximately one-third of GL patients (35%) and
patients in the PL subgroup (36%) discontinued treatment prior to the end of the
study (

Table €18). The most common reason for discontinuation was patient noncompliance
(5 GL patients, 8% and 6 PL subgroup patients, 19%).

In study FHA101, 4 (44%) of 9 GL patients and 2 (29%) of 7 patients in the PL
subgroup, were reported to have discontinued treatment prior to the end of the study;
all reasons for discontinuation were reported in 1 patient each (
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Table C19).

9.5 Critical appraisal of relevant studies

9.5.1

Complete a separate quality assessment table for each study. A

suggested format for the quality assessment results is shown in tables

C7 and C8.

A critical appraisal of study NIH 991265/20010769 and FHA101 are shown in Table
C20 and Table C21, respectively. The limitations of the studies, including the single-
arm design, are discussed in Section 9.9.2.

Table C20:

Critical appraisal of study NIH 991265/20010769

Study name: NIH 991265/20010769

account of the
confounding factors in the
design and/or analysis?

Study question Response How is the question addressed in the study?
(yes/no/not
clear/N/A)

Was the cohort recruited Yes The patient population was representative of a defined population.

in an acceptable way? The patients had low leptin levels (<12.0 ng/mL in females, <8.0
ng/mL in males and <6 ng/mL in children 6 months- 5 years) and
at least 1 metabolic abnormality out of diabetes mellitus; fasting
insulin concentration >30 pU/mL, and/or fasting triglyceride
concentration >2.26 mmol/L or postprandially elevated
triglycerides >5.65 mmol/L when fasting was clinically not
indicated (e.g., in infants); these are the hallmarks of this
syndrome, i.e., insulin resistance with diabetes mellitus and
hypertriglyceridaemia. Patients were recruited from different
regions across the world.

Was the exposure Yes Exposure was clearly defined and accurately measured. The

accurately measured to measurement of exposure was objective i.e dose and duration,

minimise bias? including average (mean [SD], median and range) for daily dose
(mg/day), and weighted average dose (mg/kg).

Was the outcome Yes The study’s efficacy endpoints were objective measurements,

accurately measured to including the co-primary endpoints of HbA1c and triglycerides.

minimise bias? These measurements were primarily obtained at a single
laboratory and thus treatment effects could be appropriately
evaluated. The efficacy endpoints were clinically relevant to the
patient and the progression of disease.

Have the authors Yes Potential confounding factors included: concomitant medication

identified all important use, sex, race, age, weight, height, body weight category, BMI,

confounding factors? region, LD subtype (CGL, AGL, FPL, APL), gene mutation
(LMNA, PPARg, Seipin, AGPAT-2, ZMPSTE?24, Other, and not
applicable), baseline laboratory values.

Have the authors taken Yes In addition to the FAS, efficacy was analysed on the CFAS, which

included all patients in the FAS who have controlled concomitant
medication use, described as no change or a decrease in
baseline concomitant medications (anti-diabetic or lipid lowering
therapies), prior to Month 12. Data for all anti-diabetic or lipid
lowering therapies, including type, dose, regimen, and route of
administration, underwent medical review and patients who had
these types of medications added or doses increased that may
have had an impact on the efficacy endpoints were excluded from
the CFAS. Patients were excluded separately based on the type
of medication that was added or increased, e.g., patients with
potentially confounding anti-diabetes medications were excluded
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from the analyses of HbA1c and those with potentially
confounding lipid-lowering therapies were excluded from analyses
of triglycerides. In general, the results for the efficacy analyses
were consistent for the FAS and the CFAS.

In addition, subgroup
analysis were conducted
based on a number of
baseline characteristics to
show whether treatment
effects were observed
consistently across
relevant populations.
including: LD subtype
(AGL, CGL, FPL, and
APL); age (age categories
<6, 26 to <12, 212 to <18,
<18, and 218 years old);
region (US, EU, EU and
Eastern Mediterranean,
and Other); presence of
metabolic abnormalities at
baseline (HbA1c [<6.5 and
26.5%), 27%, 28% and
fasting triglycerides [<2.26
mmol/L and =2.26 mmol/L
/ <200 and

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence
12 questions to help you make sense of a cohort study

Abbreviations: AGL, acquired generalised lipodystrophy; APL, acquired partial lipodystrophy; BMI, body mass
index; CFAS, Controlled Concomitant Medication Full Analysis Set; CGL, congenital generalised lipodystrophy;
Cl, confidence interval; EU, European Union; FAS, full analysis set; FPL, familial partial lipodystrophy; GL,
generalised lipodystrophy; HbA1c, glycated haemoglobin; LD, lipodystrophy; LOCF, last observation carried
forward; PL, partial lipodystrophy; SD, standard deviation; US, United States

Source: Study NIH 991265/20010769 CSR(9)

Table C21:

Critical appraisal of study FHA101

Study name: FHA101

identified all important
confounding factors?

Study question Response How is the question addressed in the study?
yes/no/not
clear/N/A)
Was the cohort recruited Yes The patient population was representative of a defined population.
in an acceptable way? Patients had to have been diagnosed with at least 1 of the
following 2 metabolic disorders: diabetes mellitus and/or
hypertriglyceridaemia as defined by fasting triglyceride
concentrations >2.26 mmol/L (>200 mg/dL), which are the
hallmark of this syndrome
Was the exposure Yes Exposure was clearly defined and accurately measured. The
accurately measured to measurement of exposure was objective i.e dose and duration,
minimise bias? including average (mean [SD], median and range) for daily dose
(mg/day), weighted average dose (mg/kg).
Was the outcome Yes The study’s efficacy endpoints were objective measurements,
accurately measured to including the co-primary endpoints of HbA1c and triglycerides.
minimise bias? These measurements were primarily obtained at a single
laboratory and thus treatment effects could be appropriately
evaluated. The efficacy endpoints were clinically relevant to the
patient and the progression of disease.
Have the authors Yes Potential confounding factors included: concomitant medication

use, sex, race, age, weight, height, body weight category, BMI,
region (US, EU, EU and Eastern Mediterranean, other), LD
subtype (CGL, AGL, FPL, APL), gene mutation (LMNA, PPARg,
Seipin, AGPAT-2, ZMPSTE24, Other, and Not Applicable),
baseline laboratory values
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Have the authors taken Partially As in study NIH 991265/20010769 efficacy was analysed on the

account of the FAS and the CFAS, which included all patients in the FAS who
confounding factors in the have controlled concomitant medication use, described as no
design and/or analysis? change or a decrease in baseline concomitant medications (anti-

diabetic or lipid lowering therapies), prior to Month 12. In general,
the results for the efficacy analyses were consistent for the FAS

and the CFAS.
Was the follow-up of Yes Only two patients were lost to follow-up (see Section 9.4.5)
patients complete?
How precise (for example Due to the The following results with 95% Cls were reported were reported:
in terms of confidence small sample GL patients: mean change from baseline to Month 12/LOCF for
interval and p values) are sizes, the 95% | HbA1c was -1.2 % (95% CI: -4.3, 2.0) and the mean percent
the results? Cls were wide | change in triglycerides was -26.9% (-124.1, 70.4)

PL subgroup patients (excluding outlier patient): mean change
from baseline to Month 12/LOCF for HbA1c was -0.9% (95% CI: -
1.4, -0.4) and the mean percent change in triglycerides was -8.5%
(-36.4, 19.5).

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence

12 questions to help you make sense of a cohort study

Abbreviations: AGL, acquired generalised lipodystrophy; APL = aquired partial lipodystrophy; BMI = body mass
index; CFAS = Controlled Concomitant Medication Full Analysis Set; CGL = congenital generalised lipodystrophy;
Cl = confidence interval; EU = European Union; FAS = full analysis set; FPL = familial partial lipodystrophy; GL =
generalised lipodystrophy; HbA1c = glycated haemoglobin; LD = lipodystrophy; LOCF = last observation carried
forward; PL = partial lipodystrophy; SD = standard deviation; US = United States

Source: Study FHA101 CSR (10)

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.

9.6.1.1 NIH 991265/20010769 study results

A summary of the primary endpoints, key secondary endpoints and other secondary
endpoints of relevance is shown in Table C22, and described in more detail below. In
addition, other endpoints of relevance are described below including liver pathology
(Section 9.6.1.4.3), effect on hyperphagia (satiety) (Section 9.6.1.4.4), concomitant
medication use (Section 9.6.1.4.5), growth and pubertal status (Section 9.6.1.4.6),
and subgroup analysis (Section 9.6.1.5). Adverse events (AEs), including deaths and
cases of pancreatitis and infections, are described in Section 9.7.

Table C22: Outcomes from study NIH 991265/20010769

Study name NIH 991265/20010769

Size of study Treatment GL =62

groups PL subgroup? = 30
PL overall = 40

Study duration | Time unit 12 months

Type of Intention-to - | FAS: all patients who received at least 1 dose of study drug and who had either

analysis treat/per primary efficacy parameter of interest measured at baseline and at least one

protocol post-baseline visit

Co-primary endpoint: Change from baseline in HbA1c (%) using LOCF (FAS population, excluding outlier patient®)

GL PL subgroup PL overall
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N =62 N = 2920 N = 39°

Baseline value | n 62 29 39

Mean (SD) 8.6 (2.33) 8.8 (1.91) 8.0 (2.18)
Month 12 n 59 27 36
value, LOCF

Mean (SD) 6.4 (1.68) 8.0 (1.83) 7.5 (1.84)
Effect size: n 59 27 36
actual change
from baseline Mean (SD) -2.2 (2.15) -0.9 (1.23) -0.6 (1.22)

95% ClI -2.7,-1.6 -1.4,-04 -1.0,-0.2
Statistical test | Type P values computed using paired t-tests

p value <0.001 <0.001 0.005

Co-primary endpoint: Change from
patient®)

baseline in triglycerides (mmol/L) using LOCF (FAS population, excluding outlier

GL PL subgroup PL overall
N =62 N =292° N = 39°
Baseline value | n
Mean (SD) 14.7 (25.66) 15.7 (26.42) 12.5 (23.35)
Month 12 n
value, LOCF
Mean (SD) 4.5 (6.10) 6.0 (8.41) 5.4 (7.37)
Effect size: n 57 27 36
percent
change from Mean (SD) -32.1 (71.28) -37.4 (30.81) -20.8 (47.93)
baseline 95% CI -51.0, -13.2 -57.2,-8.6 -51.0, -13.2
Statistical test | Type P values computed using paired t-tests
p value 0.001 <0.001 0.013

Key secondary endpoint: Actual and percent change from baseline in fasting plasma glucose levels at Month 12
(mmol/L) using LOCF (FAS population)

GL PL subgroup PL overall
N =62 N = 30° N =40
Baseline value | n
Mean (SD) 10.2 (5.05) 10.0 (4.36) 8.8 (4.39)
Month 12 n 59 28 37
value, LOCF
Mean (SD) 7.0 (3.40) 8.1 (3.55) 7.5(3.28)
Effect size: n 59 28 37
actual change
from baseline Mean (SD) -3.0 (4.72) -1.8 (2.83) -1.2 (2.69)
95% ClI 42,17 -2.9,-0.7 -2.1,-0.3
Statistical test | Type P values computed using paired t-tests
p value <0.001 0.003 0.012
Effect size: n 59 28 37
percent
change from Mean (SD) -19.7 (37.21) -13.2 (28.99) -6.1 (29.59)
baseline 95% Cl -29.4,-10.0 -24.4,-1.9 -16.0, 3.8
Statistical test | Type P values computed using paired t-tests
p value <0.001 ‘ 0.023 ‘ 0.219

Key secondary endpoint: Responder analysis: patients who met target reductions in HbA1c or triglycerides at Month

12/LOCF (FAS population)

GL

‘ PL subgroup

‘ PL overall
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N =62

N =30

N =40

21% actual decrease in HbA1c or 230% decrease in triglycerides

Month 12
value, LOCF

nIN1 (%)

47/59 (79.7)

19/28 (67.9)

19/37 (51.4)

95% CI°

(67.2, 89.0)

(47.7,84.1)

(34.4,68.1)

21.5% actual decrease in HbA1c or

235% decrease in triglycerides

Month 12
value, LOCF

nIN1 (%)

44/59 (74.6)

14/28 (50.0)

14/37 (37.8)

95% CI°

61.6, 85.0

30.7,69.4

22.5,55.2

22% actual decrease in HbA1c or 240% decrease in triglycerides

Month 12
value, LOCF

nIN1 (%)

39/59 (66.1)

12/28 (42.9)

12/37 (32.4)

95% CI°

52.6,77.9

24.5,62.8

18.0,49.8

Other secondary endpoints: Change from baseline to Mont

h 12/LOCEF in fasting lipids (FAS population)

GL PL subgroup PL overall
N =62 N = 30° N =40

Total cholesterol (mmol/L)
Baseline n 62 30 40

Mean (SD) 5.9 (3.66) 6.4 (2.80) 5.9 (2.62)
Actual change n 41 21 30
from M SD 2.3 (2.91 0.9 (1.52 0.6 (1.45
baseline ean (SD) ( ) ( ) ( )
LDL-C (mmol/L)
Baseline n 37 17 24

Mean (SD) 2.6 (1.35) 2.8 (1.02) 2.6 (1.01)
Actual change n 22 12 18
from M SD 0.9 (1.29 0.3 (0.66 0.1 (0.62
baseline ean (SD) (1.29) (0.66) (0.62)
HDL-C (mmol/L)
Baseline n 56 25 35

Mean (SD) 0.7 (0.25) 0.8 (0.23) 0.8 (0.21)
Actual Change n 35 17 26
from

Mean (SD) -0.0 (0.24) 0.0 (0.14) 0.0 (0.14)

BL

Other secondary endpoints: Change from baseline to Mont

h 12 in liver transaminase

levels (FAS Population)

GL PL subgroup PL overall
N =62 N =302 N =40
ALT (U/L)
Baseline n 62 30 40
Mean (SD) 111.9 (112.62) 39.2 (28.02) 54.8 (57.99)
Actual change n 41 21 30
from Mean (SD 53.1 (126.56 5.0 (11.95 0.4 (26.95
baseline ean (SD) -53.1(126.56) 5.0 (11.99) 0.4 (26.95)
AST (U/L)
Baseline n 62 30 40
Mean (SD) 75.0 (71.07) 31.9 (19.64) 38.4 (33.46)
Actual change n 41 21 30
from
Mean (SD) -23.8 (142.38) -6.0 (14.77) -5.1 (21.06)

baseline

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; FAS, full
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analysis set; GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; LOCF, last observation carried forward; PL, partial
lipodystrophy; SD, standard deviation

@ PL subgroup = patients with baseline HbA1c 26.5% and/or triglycerides 25.65 mmol/L

®Excluding results for Patient 901-080 who had an outlier value for percent increase from baseline in triglycerides of
>1000% at Month 12/LOCF. The patient was terminated from treatment by the Investigator for noncompliance with
dosing

Source: Study NIH 991265/20010769 CSR (9)

9.6.1.2 Co-primary efficacy endpoints: effect of metreleptin on change from
baseline in HbA1c and percent change from baseline in triglycerides

Treatment with metreleptin led to clinically meaningful and statistically significant
improvements in glycaemic control and hypertriglyceridaemia in patients with GL and
in the PL subgroup.

For GL patients, the changes from baseline to Month 12/LOCF were clinically
meaningful and statistically significant for HbA1c, with a mean change of -2.2%
(p<0.001), and for triglycerides, with a mean percent change of -32.1% (p=0.001)
(Table C22 Figure C17). Both males and females with GL sustained clinically
meaningful and statistically significant reductions in HbA1c and triglycerides at Month
12/LOCF (Figure C17).

Figure C17: Mean change in (a) HbA1c and (b) triglycerides from baseline at month
12/LOCEF in patients with GL treated with metreleptin in study NIH

991265/20010769
(a)
Males Females Overall
0.0%
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Males Females Overall
0.0%

-5.0% -

-10.0% -

-15.0% -

-20.0% -

-25.0% -

-30.0% -
-29.8%

-32.1%

A in triglycerides from baseline at 12 months (%)

-35.0% -32.9%
95%Cl [-53.9,-5.7] 95%ClI [-57.2,-8.6] 95%CI [-51.0,-13.2]
40.0% p=0.019 p=0.009 p<0.001

Abbreviations: ClI, confidence interval; GL, generalised lipodystrophy; HbA1c, glycated haemoglobin
Source: Created using data from the study NIH 991265/20010769 CSR(9)

For patients in the PL subgroup, treatment with metreleptin also led to clinically
meaningful and statistically significant reductions in HbA1c with a mean change of -
0.9% (p<0.001). However, due to an extreme outlying result for one patient as
explained below, results for triglycerides in the overall PL subgroup showed a small
mean percent increase between baseline and Month 12/LOCF for the FAS. The
outlying result was observed in a patient who had a >1000% increase in triglycerides
to the primary endpoint; the only patient in the study with this level of change at
Month 12. This patient was terminated from the study by the Investigator 2 days prior
to the Month 12 assessment for noncompliance with study drug administration. When
the data for this noncompliant patient are excluded from analysis, the results for
mean percent change from baseline to Month 12/LOCEF in triglycerides for the PL
subgroup showed a clinically meaningful and statistically significant change of -
37.4% (p<0.001), which was consistent with the results observed for the GL group
(Figure C17, Figure C18).

Figure C18: Mean change in (a) HbA1c and (b) triglycerides from baseline at month
12/LOCF in patients with PL treated with metreleptin in study NIH
991265/20010769

(a)
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PL Subgroup* (N=29)a Overall (N=39)a
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PL Subgroup* (N=29)a Overall (N=39)a
0.0%

-5.0%

-10.0% -

-15.0% -

-20.0%
-20.8%

-25.0% -
95%Cl [-37.1,-4.6]
p=0.013

-30.0% -

-35.0%

A in triglycerides from baseline at 12 months (%)

-37.4%

-40.0% -
95%Cl [-49.6,-25.2]
p<0.001

Abbreviations: ClI, confidence interval; HbA1c, glycated haemoglobin; PL, partial lipodystrophy

" Patients with baseline HbA1c 26.5% and/or triglycerides 25.65 mmol/L

a Excluding results for Patient 901-080 who had an outlier value for percent increase from baseline in
triglycerides of >1000% at Month 12/LOCF. The patient was terminated from treatment by the
Investigator for noncompliance with dosing

Source: Created using data from the study NIH 991265/20010769 CSR (9)
9.6.1.3 Key secondary endpoints

9.6.1.3.1 Actual and percent change from baseline in fasting plasma glucose levels
at Month 12

Among the patients with GL, treatment with metreleptin led to clinically meaningful
and statistically significant reductions from baseline to Month 12/LOCF in fasting
glucose with a mean change of -3.0 mmol/L (p<0.001), representing a 20% decrease
in fasting glucose levels (Table C22).(9) Results in the PL subgroup were similar to
the GL group with a mean change from baseline to Month 12/LOCF in fasting
glucose of -1.8 mmol/L (p=0.003), representing a 13% decrease from baseline.(9)
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9.6.1.3.2 Responder analyses: Patients achieving target reductions in HbA1c and
triglycerides

Nearly 80% of patients with GL achieved a 21% actual decrease in HbA1c or a 230%
decrease in triglycerides at Month 12/LOCF with 66% achieving the highest target
decreases of 22% in HbA1c or a 240% in triglycerides at that time.(9) Results were
consistent in the PL subgroup, with 68% of patients achieving a 21% actual decrease
in HbA1c or a 230% decrease in triglycerides at Month 12/LOCF and 43% achieving
the highest target decreases of 22% in HbA1c or 240% in triglycerides.(9)

9.6.1.4 Other endpoints of relevance

9.6.1.4.1 Analysis of change over time in HbA1c and triglycerides: persistence of
efficacy

Long-term treatment with metreleptin led to clinically meaningful and statistically
significant reductions in HbA1c and triglycerides in patients with GL and in the PL
subgroup. Graphic displays of mean levels through Month 36 for HbA1c and
triglycerides are provided in Figure C19.

Figure C19: Mean (SEM) change in (a) HbA1c (%) and (b) triglycerides (mmol/L;
excluding outlier patient) at baseline and months 4, 8, 12, 24 and 36 of
metreleptin treatment (FAS population) in study NIH 991265/20010769
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Page 100 of 281



Generalised Lipodystrophy Partial Lipodystrophy Subg:roup"b

Triglycerides (mmol/L)
B
=
Triglycerides (mmol/L)
B
=

Month 4 Month § Month 12 Monrh 24 Moath 36 Month 8 Month 12 Month 24 Month 36
=

Basaline Baseline Month 4
a=61) 4 =29 [ 05=23) =17 (=29) =10y =1 [E=3) =) 0=5)

Abbreviations: FAS, Full Analysis Set; HbA1c, glycated haemoglobin; PL,partial lipodystrophy; SEM,
standard error of the mean

@ PL subgroup = patients with baseline HbA1c 26.5% and/or triglycerides 25.65 mmol/L

b Excluding results for Patient 901-080 who had an outlier value for percent increase from baseline in
triglycerides of >1000% at Month 12/LOCF. The patient was terminated from treatment by the
Investigator for noncompliance with dosing

Source: Study NIH 991265/20010769 CSR.(9)

Least-squares mean (LS mean) changes from baseline in HbA1c in the GL group
based on a mixed model repeated measures (MMRM) analysis were -2.3%, -2.1%
and -1.5% at Months 12, 24 and 36, respectively.(9) Importantly, the overall MMRM
analysis, which evaluates average levels across all visits, showed a statistically
significant decrease from baseline for GL patients with an LS mean change of -1.4%
(p<0.001). Results were similar in the PL subgroup with LS mean changes in HbA1c
of -0.9%, -1.3%, and -1.0% at Months 12, 24, and 36 and an overall LS mean change
of -0.6% (p<0.001).

In the GL group, LS mean percent changes from baseline in triglycerides were -
48.3%, -22.6% and -40.6% at Months 12, 24, and 36, respectively; based on the
overall MMRM analysis, the LS mean change in triglycerides was -22.4% (p<0.001).
For the PL subgroup (excluding data from Patient 901-080), LS mean percent
changes in triglycerides were -36.2%, -31.7%, and -13.7% at Months 12, 24 and 36,
respectively, with an overall LS mean change of -18.6% (p=0.004).

9.6.1.4.2 Change from baseline in fasting lipids at Month 12

Changes in total cholesterol, LDL-C and HDL-C were consistent with those for
triglycerides. In the GL group, mean changes to Month 12/LOCF for total cholesterol
and LDL-C were -2.3 and -0.9 mmol/L, respectively, representing mean percent
changes of -28% and -24% Table C22).(9) In the PL subgroup, mean change in total
cholesterol to Month 12/LOCF was -0.9 mmol/L (-11% change) and in LDL-C was -
0.3 mmol/L (-4% change). Little to no change from baseline was noted for HDL-C in

either group (Table C22EFror! Reference source not found.).
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9.6.1.4.3 Effect of metreleptin on hepatic enzymes, liver volume, and liver pathology

Because of the ectopic fat deposition in the liver, patients very commonly present
with NASH-induced elevations in transaminase levels and hepatomegaly.
Improvements in both liver function tests and liver volume were noted in GL patients
and in patients in the PL subgroup.

As noted in Table C16, most patients in the GL group entered the study with elevated
hepatic transaminase levels (74% with ALT >upper limit of normal (ULN) and 55%
with AST >ULN). Substantial reductions in both ALT and AST occurred during
treatment with metreleptin in patients with GL. In the 41 GL patients with hepatic data
available, the mean changes at Month 12/LOCF in ALT versus baseline was -

53.1 U/L and AST versus baseline was -23.8 U/L.(9) Reductions in transaminase
levels were also observed in the PL subgroup, although of lower magnitude than that
in the GL group; this is likely related to lower baseline levels of ALT and AST in this
group of patients (29% and 23% with ALT and AST >ULN, respectively; Table
C16).(9) In the PL subgroup, mean changes to Month 12/LOCF in ALT and AST were
-5.0 U/L and -6.0 U/L, respectively.

A total of 21 patients with GL and 8 patients in the PL subgroup had liver volume
assessed at baseline and at least one post-baseline assessment.(9) Most of these
patients had hepatomegaly with liver volumes >2000 mL, including 20 of 21 patients
with GL and 6 of 8 patients in the PL subgroup. Reductions in liver volume were
observed at all post-baseline assessments in 15 (71%) of the 21 patients with GL
who could be assessed for changes from baseline and an additional 4 patients had
reductions at all assessments on or after Month 12. Reductions in liver volume for
these 19 patients ranged from 7% to 71%, with most patients (12 of 19) having
reductions of 230%. Among the 8 patients in the PL subgroup, 4 (50%) had
reductions observed at all post-baseline assessments and an additional patient had
reductions at all assessments on or after Month 12. Reductions in liver volume for
these 5 patients ranged from 8% to 51%.

Importantly, among paediatric patients, reductions from baseline were observed at all
assessments in 10 (77%) of 13 patients with data available, all with GL; the
remaining 3 patients had reductions at all assessments after Month 12. Reductions
ranged from 7% to 64% with most of these paediatric patients (8 of 13) having
reductions 230%.(9)

Results of paired liver biopsies from patients in Study NIH 991265/20010769 were
reported in the publication by Safar-Zadeh et al; significant improvements were
observed in steatosis grade and ballooning injury scores with a reduction in the
NAFLD activity score during long-term treatment with metreleptin in patients with
NASH.(58) Patients with liver fibrosis at baseline remained stable on metreleptin.(58)
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9.6.1.4.4 Effect of metreleptin on hyperphagia

One important effect of metreleptin in patients with LD is to decrease the marked
hyperphagia that is observed in patients with GL and PL. As reported by Moran and
colleagues from the NIH, metreleptin treatment of 14 patients with LD (12 with GL
and 2 with PL) dramatically decreased food intake at 4 months from 3,170 kcal/day to
1,739 kcal/day.(55) In another evaluation in 8 patients treated in Study NIH 991265,
satiation (the time to voluntary cessation of eating from a standardised food array
after a 12-hour fast) and satiety (the time to hunger sufficient to consume a complete
meal after consumption of a standardised preload) were evaluated. Metreleptin
treatment decreased satiation time, increased satiety time, decreased energy
consumed to produce satiation, and decreased the amount of food desired in the
postabsorptive state.(54)

9.6.1.4.5 Effect of metreleptin treatment on concomitant medication use

A review was conducted on the data to determine if patients could discontinue use of
insulin, oral antidiabetics, or lipid-lowering therapies after initiating treatment with
metreleptin. Sixteen (41%) of 39 patients with GL who were receiving insulin at
baseline were able to discontinue insulin use altogether after starting metreleptin as
were 7 (22%) of 32 patients who were receiving oral antidiabetic medications at
baseline. Among the 34 patients who were receiving lipid-lowering therapies at
baseline, 8 (24%) were able to discontinue these medications. Many of these
patients could discontinue the use of these therapies within the first 12 months of
metreleptin treatment. In the PL subgroup, 1 patient was able to discontinue the use
of oral antidiabetic medications and 1 was able to discontinue the use of lipid-
lowering therapies.

9.6.1.4.6 Effect of metreleptin treatment on growth and pubertal status

Growth stature was assessed at screening/baseline and at least 1 post-baseline time
point in 40 patients <18 years of age, including 36 patients with GL and 4 patients
with PL, including 2 in the PL subgroup. Among the 36 GL patients, 22 were reported
to have normal stature at study entry, 10 had tall stature for their age, and 4 had
short stature. Overall 16 (44%) of the 36 patients were reported to have had growth
complete or near complete prior to entry. Among the other 20 patients, 10 were
reported to have normal growth (including 5 with normal stature, 3 who were tall and
2 who were short at baseline), 2 had growth acceleration (1 with normal stature and 1
with short stature), and 8 had growth deceleration (5 with normal stature and 3 who
were tall). Among the 4 PL patients with data available, 2 patients (in the PL
subgroup) had growth complete or near complete at study entry. Among the other 2
patients, 1 had short stature at baseline with growth deceleration reported on
metreleptin and 1 had tall stature at baseline with normal growth on metreleptin.

Overall 33 patients <18 years of age had pubertal status assessed at baseline,
including 27 patients with GL and 6 patients with PL (5 in the PL subgroup); 26 of
these patients had puberty complete, near complete, or likely complete (based on
growth data) prior to metreleptin. Among the other 7 patients, all with GL, 4 had
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delayed puberty prior to metreleptin and 3 had precocious puberty; follow-up was
available for 3 of these patients, all with delayed puberty at entry — 2 had normal
development on metreleptin and 1 continued to have delayed puberty. Among the 14
patients without baseline data reported who were not prepubertal (normal for age),
13 reported normal pubertal onset and/or progression on metreleptin at a post-
baseline assessment and 1 had delayed onset reported.

9.6.1.5 Subgroup analysis

Analyses for the evaluation of efficacy were conducted on pre-specified patient
subgroups based on a number of factors, including baseline metabolic abnormalities,
age, LD subtype, and region. A summary of the key findings from the subgroup
analyses are shown in Table C23.
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Table C23: Change from baseline to Month 12/LOCF in HbA1c and fasting triglycerides using LOCF for patient subgroups (FAS Population)
GL PL subgroup®
HbA1c Triglycerides HbA1c Triglycerides
N Mean (SD) actual | N Mean (SD) N Mean (SD) actual | N Mean (SD)
A to Month 12 percent A to A to Month 12 percent A to
Month 12 Month 12
Baseline HbA1c (%):
<6.5 14 -0.1 (0.35) 14 -4.1 (55.58) 2 0.1 (0.64) 2 -40.8 (27.29)
26.5 45 -2.8 (2.08) 43 -41.2 (73.97) 25 -1.0 (1.24) 25 -37.1(31.57)
>7 45 2.8 (2.08) 43 -41.2 (73.97) 23 -1.1 (1.28) 23 -37.2 (32.95)
28 39 -3.0 (2.13) 37 -38.6 (78.36) 18 -1.3 (1.33) 18 -43.6 (33.60)
Baseline triglycerides (mmol/L):
<2.26 13 -1.6 (1.71) 13 6.7 (44.20) 3 -0.9 (0.36) 3 -20.7 (28.33)
22.26 45 2.3(2.28) 45 -42.5 (73.87) 24 0.9 (1.31) 24 -39.5 (31.03)
>5.65 24 -3.3 (2.56) 24 -72.0 (25.09) 15 -1.0 (1.62) 15 -53.7 (25.21)
LD type
Congenital/ Familial 40 -1.8 (1.92) 39 -22.2 (80.54) 23 0.7 (0.88) 23 -37.4 (26.64)
Acquired 19 2.9 (2.47) 18 -53.5 (39.09) 4 2.0 (2.42) 4 -37.0 (54.98)
Age (years)
<6 5 0.2 (0.60) 5 -10.5 (58.18) 0 NA 0 NA
26 to <12 11 -1.1 (1.51) 11 -14.1 (49.74) 0 NA 0 NA
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GL PL subgroup?®

HbA1c Triglycerides HbA1c Triglycerides

N Mean (SD) actual | N Mean (SD) N Mean (SD) actual | N Mean (SD)

A to Month 12 percent A to A to Month 12 percent A to
Month 12 Month 12

212to <18 24 -2.6 (1.89) 23 -42.9 (45.55) 5 -0.6 (1.24) 5 -50.6 (33.62)
=18 19 -2.8 (2.46) 18 -35.3 (106.23) 22 -1.0 (1.25) 22 -34.4 (30.15)
Region®
us 34 -1.9 (2.02) 34 -23.2 (85.87) 20 -1.0 (1.32) 20 -41.8 (27.97)
EU and EM 11 -2.6 (1.96) 11 -52.1 (41.84) 2 -0.7 (0.28) 2 13.3 (38.20)
EU 7 -1.5 (1.45) 7 -38.7 (48.04) 1 -0.5 (NA) 1 40.3 (NA)
Other 12 -2.6 (2.81) 11 -39.5 (39.99) 5 -0.8 (1.23) 5 -39.8 (26.45)

2 PL subgroup = patients with baseline HbA1c 26.5% and/or triglycerides =5.65 mmol/L

carried forward; NA, non-applicable; PL, partial lipodystrophy; SD, standard deviation; US, United States

Abbreviations: A, change; EU, European Union, EM, Eastern Mediterranean; FAS, Full Analysis Set; GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; LOCF, last observation

® Excluding results for Patient 901-080 who had an outlier value for percent increase from baseline in triglycerides of >1000% at Month 12/LOCF. The patient was terminated from treatment by
the Investigator for noncompliance with dosing (Study NIH 991265/20010769, Listing 16.2.1.1)

¢ EU includes Belgium, UK, Germany, ltaly, Lithuania, and Spain; EM includes Turkey, Albania, Israel, and Serbia; Other includes Argentina, Canada, India, Madagascar, Pakistan, Peru, and
Saudi Arabia

Source: Study NIH 991265/20010769 CSR.(9)
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Patients with more abnormal metabolic abnormalities at baseline achieved greater
mean decreases from baseline to the primary time point of Month 12/LOCF. Among
45 patients with GL who had a baseline HbA1c of 7% or greater and data available at
Month 12, the mean (SD) baseline HbA1c was 9.6% (1.63) and the mean reduction
in HbA1c at Month 12 was 2.8%. Among 24 patients with GL who had a baseline
triglyceride level 5.65 mml/|I or greater and data available at Month 12, the mean (SD)
baseline triglyceride level was 31.7 mmol/l (33.68) and the mean percent reduction in
triglycerides at Month 12 was 72%. Among 15 patients in the subgroup with PL who
had a baseline triglyceride level 5.65 mmol/l or greater and data available at Month
12, the mean (SD) baseline triglyceride level was 27.6 mmol/l (32.88) and the mean
percent reduction in triglycerides at Month 12 was 53.7%.

Patients with the acquired form of LD generally achieved larger mean decreases
from baseline compared with patients who had the congenital/familial form; although
all groups showed reductions in HbA1c and triglycerides. This difference was related
to higher baseline levels of HbA1c and triglycerides in patients with AGL and APL. In
general, older patients who had higher levels of HbA1c and triglycerides at baseline
had larger mean decreases from baseline than younger patients. However, patients
in the younger age groups also showed improvement in metabolic abnormalities.
Efficacy results were generally similar across region, although the small sample size
for some regions precluded definitive conclusions.

9.6.1.6 FHA101 study results: supportive evidence

In general, the efficacy results in the supportive study FHA101 were consistent with
those reported for study NIH 991265/20010769, although the number of patients
included in analyses for this study was small. A summary of the results is shown in
Table C24 and described in more detail in the following sections.

Table C24: Outcomes from study FHA101

Study name FHA101
Size of study Treatment GL=9
groups PL subgroup? =7
PL overall = 29
Study duration | Time unit 12 months
Type of Intention-to - | FAS: all patients who received at least 1 dose of study drug and who had either
analysis treat/per primary efficacy parameter of interest measured at baseline and at least one
protocol post-baseline visit

Co-primary endpoint: Change from baseline in HbA1c (%) using LOCF (FAS population)

GL PL subgroup? PL overall
N=9 N=7 N =29
Baseline value | n 9 7 29
Mean (SD) 7.7 (1.99) 7.8(1.71) 8.1 (1.77)
Month 12 n 5 7 26
value, LOCF
Mean (SD) 6.2 (1.96) 7.0 (0.76) 7.8 (1.76)
n 5 7 26
Mean (SD) -1.2 (2.53) -0.8 (1.85) -0.4 (1.49)
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Effect size: 95% CI -4.3,2.0 -2.5,0.9 -1.0,0.2
actual change
from baseline
Statistical test | Type P values computed using paired t-tests
p value 0.360 0.289 0.210

Co-primary endpoint: Change from

baseline in triglycerides (mmol/L) using LOCF (FAS population)

GL PL subgroup? PL overall
N=9 N=7 N =29
Baseline value | n 8 7 29
Mean (SD) 19.9 (40.90) 4.0 (4.54) 8.5 (12.37)
Month 12 n 6 7 26
value, LOCF
Mean (SD) 7.6 (11.10) 3.6 (3.57) 6.4 (10.06)
Effect size: n 5 7 26
percent
change from Mean (SD) -26.9 (78.32) -8.5(30.22) 8.7 (93.39)
baseline 95% Cl -124.1,70.4 -36.4, 19.5 -29.1, 46.4
Statistical test | Type P values computed using paired t-tests
p value 0.486 0.485 0.640

Key secondary endpoint: Actual and percent change from baseline in fasting plasma glucose levels at Month 12
(mmol/L) using LOCF (FAS population)

GL PL subgroup? PL overall
N=9 N=7 N =29
Baseline value | n 9 7 29
Mean (SD) 11.4 (6.03) 8.0 (2.83) 8.5 (3.45)
Month 12 n 6 7 27
value, LOCF
Mean (SD) 10.2 (7.58) 6.9 (2.16) 8.3 (2.99)
Effect size: n 6 7 27
actual change
from BL Mean (SD) -1.5 (9.90) -1.1 (2.95) -0.2 (4.14)
95% ClI -11.9, 8.8 -3.8,1.6 -1.8,1.5
Statistical test | Type P values computed using paired t-tests
p value 0.719 0.358 0.838
Effect size: n 6 7 27
percent
change from Mean (SD) -7.3 (53.71) -9.0 (26.45) 13.9 (69.14)
D 95% Cl -63.6, 49.1 -33.4,15.5 13.4,41.3
Statistical test | Type P values computed using paired t-tests
p value 0.754 0.403 0.304

Key secondary endpoint: Responder analysis: patients who met target reductions in HbA1c or triglycerides at Month
12/LOCF (FAS population)

GL PL subgroup? PL overall
N=9 N=7 N =29
21% actual decrease in HbA1c or 230% decrease in triglycerides
Month 12 n/N1 (%) 3/6 (50.0) 2/7 (28.6) 9/26 (34.6)
value, LOCF
95% CI° 11.8, 88.2 3.7,71.0 17.2,55.7
>1.5% actual decrease in HbA1c or 235% decrease in triglycerides
Month 12 n/N1 (%) 3/6 (50.0) 2/7 (28.6) 9/26 (34.6)
value, LOCF
95% CI° 11.8, 88.2 3.7,71.0 17.2,55.7
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22% actual decrease in HbA1c or 240% decrease in triglycerides

Month 12 n/N1 (%) 3/6 (50.0) 1/7 (14.3) 7/26 (26.9)
value, LOCF
95% CI° 11.8, 88.2 0.4,57.9 11.6,47.8
Other secondary endpoints: Change from baseline to Month 12 in liver transaminase levels (FAS population)
GL PL subgroup? PL overall
N=9 N=7 N =29
ALT (U/L)
Baseline n 9 7 29
Mean (SD) 122.1 (140.47) 35.3(16.64) 40.7 (34.37)
Actual change n 4 5 19
from Mean (SD 1915 (167.27 5.1 (12.94 7.4 (25.80
baseline ean (SD) -191.5 (167.27) -5.1(12.94) -7.4 (25.80)
AST (U/L)
Baseline n 9 7 29
Mean (SD) 76.0 (72.52) 27.7 (8.98) 35.9 (28.44)
Actual change n 4 5 19
from M SD 104.1 (74.18 0.3 (7.21 3.6 (24.81
baseline ean (SD) -104.1(74.18) 0.3 (7.21) -3.6 (24.81)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; FAS, full
analysis set; GL, generalised lipodystrophy; HbA1c, glycated haemoglobin; LOCF, last observation carried forward;
PL, partial lipodystrophy; SD, standard deviation

2PL subgroup = patients with baseline leptin <12 ng/mL and HbA1c 26.5% and/or triglycerides 25.65 mmol/L
®95% Cl based on the 2-sided exact binomial proportions

Source: Study FHA101 CSR.(10)

9.6.1.6.1 Co-primary efficacy endpoints: effect of metreleptin on change from
baseline in HbA1c¢ and percent change from baseline in triglycerides

Among patients with GL, mean change from baseline to Month 12/LOCF for HbA1c
was -1.2% and the mean percent change in triglycerides was -26.9%.(10) Among the
7 patients in the PL subgroup, mean change in HbA1c from baseline to Month
12/LOCF was -0.8% with a mean percent change in triglycerides of -8.5%. Note that
the smaller decrease in triglycerides for this subgroup is likely related to a much
lower baseline triglyceride level. Importantly, 5 of the 7 patients in the PL subgroup
did show reductions from baseline to Month 12/LOCEF in triglycerides ranging from -
5.7% to -52.3%.

9.6.1.7 Key secondary endpoints

9.6.1.7.1 Actual and percent change from baseline in fasting plasma glucose levels
at Month 12

Improvement in glucose was observed in this supportive study. Among patients with
GL, mean change from baseline to Month 12/LOCF in fasting glucose was -1.5
mmol/L and for patients in the PL subgroup was -1.1 mmol/L.(10)

Page 109 of 281



9.6.1.7.2 Responder analyses: Patients achieving target reductions in HbA1c and
triglycerides

Overall, 3 of 6 patients with GL had a 21% actual decrease in HbA1c or a 230%
decrease in triglycerides at Month 12/LOCF with the same number achieving the
highest target decreases of 22% in HbA1c or a 240% in triglycerides at that time.(10)
In the PL subgroup, 2 of 7 patients achieved a 21% actual decrease in HbA1c or a
230% decrease in triglycerides at Month 12/LOCF with 1 patient achieving the
highest target decreases of 22% in HbA1c or 240% in triglycerides.

Other secondary endpoints of relevance

9.6.1.7.3 Analysis of change over time in HbA1c and triglycerides: persistence of
efficacy

Long-term treatment with metreleptin led to reductions in HbA1c and triglycerides in
patients with GL and in the PL subgroup. The overall LS mean changes in HbA1c
based on the MMRM analysis for GL patients and patients in the PL subgroup
showed statistically significant decreases from baseline over all analysis visits (-
0.7%; p=0.047 and -0.9%; p=0.11, respectively).(10) For triglycerides, the LS mean
percent changes in triglycerides were -23.3% (p=0.059) and -4.3% (p=0.703) in the
GL group and PL subgroup, respectively.(10)

9.6.1.7.4 Effect of metreleptin on hepatic enzymes

As noted in Table C17, approximately half of patients in the GL group entered the
study with elevated hepatic transaminase levels (44% with ALT >ULN and 44% with
AST >ULN). In the GL group, substantial reductions in both ALT and AST occurred
during treatment with metreleptin (Table C24).(10) Mean change in the GL group from
baseline to Month 12/LOCF in ALT was -191.5 U/L; the changes were observed early
with a mean change to Month 3 in GL patients of -98.3 U/L. Similar results were
observed for AST with a mean change in the GL group to Month 3 of -49.7 U/L and to
Month 12 of -104.1 U/L.(10)

Reductions in transaminase levels were also observed in the PL subgroup, although
of lower magnitude than that in the GL group; this is likely related to lower baseline
levels of ALT and AST in this group of patients (29% with ALT >ULN, and none with
AST >ULN).(10) In the PL subgroup, mean changes to Month 12/LOCF in ALT and
AST were -5.1 U/L and -0.3 U/L, respectively.(10)

9.6.2 Justify the inclusion of outcomes in table C9 from any analyses other
than intention-to-treat.

The efficacy analyses in study NIH 991265/20010769 and study FHA101 were
conducted on the FAS (defined as all patients who received at least 1 dose of study
drug and who had either primary efficacy parameter of interest measured at baseline
and at least one post-baseline visit). Use of this analysis set for changes from
baseline in HbA1c and triglycerides in this population is considered conservative,
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given that not all patients would be expected to have abnormal HbA1c and
triglyceride levels at baseline and therefore would not be expected to have significant
reductions observed.

9.7 Adverse events

In section 9.7 the sponsor is required to provide information on the adverse events

experienced with the technology being evaluated in relation to the scope.

For example, post-marketing surveillance data may demonstrate that the technology

shows a relative lack of adverse events commonly associated with the comparator.

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.

Two relevant single-arm, open-label trials were identified in the SLR. These have
been described previously in Section 9.1. Please refer to Section 9.1, 9.2 and 9.3 for
the methodology and results of the SLR, Section 9.4 for details of the included
metreleptin trials, and Section 9.5 for a critical appraisal of each of the metreleptin
trials.

9.7.2 Provide details of all important adverse events reported for each study.
A suggested format is shown in Table C10.

9.7.2.1 Study NIH 991265/20010769
9.7.2.1.1 Patient exposure

Total patient-years of exposure for GL patients was 328.3 years.(9) In the GL group,
median overall duration of treatment was 49.9 months with similar results in males
and females. Median actual duration of treatment (excluding dose interruptions) was
47.2 months, indicating that recorded dose interruptions were typically not of long
duration. Dose interruptions were recorded in 18 (27%) of the 66 patients with GL;
median duration of the dose interruption in this group was 48 days. Median average
daily dose in GL patients was 4.4 mg and, consistent with the dosing
recommendations, was higher in females (4.7 mg) than males (3.0 mg). The median
weighted average daily dose over the study period in GL patients was 4.4 mg or
0.093 mg/kg and was lower in males (3.0 mg; 0.057 mg/kg) than females (5.0 mg;
0.099 mg/kg).

Total patient-years of exposure for the PL subgroup was 121.3 years.(9) Median
overall and actual duration of treatment with metreleptin were both 29.3 months in
this subgroup of patients. The shorter median duration of treatment in the PL
subgroup compared to GL patients is related to the fact that most PL patients, who,
in general, have higher leptin levels, were not eligible for the study until 5 years after
study start when the eligibility criteria were modified to increase eligible leptin levels.

Dose interruptions were recorded in 13% of patients in the PL subgroup; median
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duration of dose interruptions was 110 days. The average daily metreleptin dose
administered in PL patients was higher than in GL patients. Median average daily
dose in the PL subgroup was 8.1 mg and median maximum daily dose was 10.0 mg.
The median weighted average daily dose over the study period in patients in the PL
subgroup was 8.2 mg or 0.119 mg/kg.

9.7.2.2 Adverse events

A summary of treatment-emergent adverse events (TEAESs) is shown in Table C25. In
the GL group, 59 (89%) of the 66 patients reported at least 1 TEAE; drug-related
TEAEs were reported in 32 (49%) of these patients.(9) Compared with the GL group,
the overall incidence of TEAEs was similar in the PL subgroup with 27 (87%) of the
31 patients experiencing at least 1 TEAE; the incidence of drug-related TEAEs was
lower (23%).

TEAES of severe intensity were reported in 29 (44%) of the 66 GL patients and in 13
(42%) of the 31 patients in the PL subgroup; most severe TEAEs were assessed as
unrelated to study treatment.(9)

Over the 14-year study duration, treatment-emergent deaths were reported in 4 (4%)
of the 107 patients, including 3 patients with GL and 1 patient in the PL subgroup.(9)
TEAES leading to death included renal failure, cardiac arrest (concurrent with
pancreatitis and septic shock), progressive end-stage liver disease (chronic hepatic
failure), and hypoxic-ischaemic encephalopathy. None of the deaths were assessed
as drug-related.

Overall, 23 (35%) of the 66 GL patients and 7 (23%) of the 31 patients in the PL
subgroup experienced at least 1 serious adverse event (SAE).(9) The types of SAEs
were consistent with the underlying LD disease, and primarily included reports of
abdominal pain and pancreatitis, infections, and worsening liver function. Drug-
related SAEs were not common, reported in 3 GL patients, including one case of
hypertension, one of respiratory distress and one case of anaplastic large-cell
lymphoma. None of the patients in the PL subgroup experience a drug-related SAE.

Discontinuations due to TEAEs were reported in 5 patients with GL (8%) and 1
patient in the PL subgroup (3%). In 4 of these 6 patients, the events leading to
withdrawal led to death.(9)

The majority of the commonly reported events in the GL group were consistent with
the expected pharmacologic effects of metreleptin, including weight decreased,
hypoglycaemia, and decreased appetite, or were gastrointestinal (Gl) disorders or
constitutional symptoms, including abdominal pain and headache.(9) Other
commonly reported Gl disorders in patients with GL included nausea and
constipation. The most commonly reported drug-related TEAEs in GL patients were
weight decreased (15 patients, 23%) and hypoglycaemia (8 patients, 12%).

In general, the safety profile in the PL subgroup was consistent with that observed in
the overall GL group. The most common TEAESs reported in the PL subgroup were
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abdominal pain, hypoglycaemia, nausea, fatigue, alopecia and constipation. The
most commonly reported drug-related TEAEs in patients in the PL subgroup were
hypoglycaemia and fatigue (each 3 patients, 10%).(9)

Table C25: Adverse events: study NIH 991265/20010769 (safety analysis set)

GL PL subgroup?® PL overall

(N =66) (N=31) (N=41)
Overall Summary
TEAE 59 (89.4) 27 (87.1) 35 (85.4)
Drug-related TEAE 32 (48.5) 7 (22.6) 8 (19.5)
Severe TEAE 29 (43.9) 13 (41.9) 16 (39.0)
Drug-related severe 7 (10.6) 0 0
TEAE
Treatment-emergent 23 (34.8) 7 (22.6) 10 (24.4)
SAE
Drug-related treatment 3(4.5) 0 0
emergent SAE
TEAE leading to study 5(7.6) 1(3.2) 1(2.4)
drug discontinuation
On-study deaths 3(4.5) 1(3.2) 1(2.4)
Most common (=5% Incidence overall) TEAE
Weight decreased 17 (25.8) 2 (6.5) 2(4.9)
Abdominal pain 11 (16.7) 6 (19.4) 6 (14.6)
Hypoglycaemia 10 (15.2) 6 (19.4) 7(17.1)
Decreased appetite 8(12.1) 1(3.2) 1(2.4)
Headache 8(12.1) 0 0
Nausea 6 (9.1) 5(16.1) 6 (14.6)
Fatigue 6 (9.1) 3(9.7) 3(7.3)
Ear infection 6(9.1) 0 0
Arthralgia 6 (9.1) 2 (6.5) 3(7.3)
Upper respiratory tract 5(7.6) 1(3.2) 2 (4.9)
infection
Back pain 5(7.6) 2 (6.5) 2 (4.9)
Anxiety 5(7.6) 0 1(2.4)
Proteinuria 5(7.6) 0 1(2.4)
Ovarian cyst 5(7.6) 0 1(2.4)
Depression 4(6.1) 1(3.2) 3(7.3)
Alopecia 3(4.5) 3(9.7) 3(7.3)
Constipation 3(4.5) 3(9.7) 3(7.3)
Pain in extremity 3(4.5) 2 (6.5) 3(7.3)

@ PL subgroup = patients with baseline HbA1c 26.5% and/or triglycerides =5.65 mmol/L

Abbreviations: GL = generalised lipodystrophy; PL = partial lipodystrophy; MedDRA = Medical Dictionary for
Regulatory Activities; SAE = serious adverse event; TEAE = treatment-emergent adverse event
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9.7.2.3 Study FHA101
9.7.2.3.1 Patient exposure

Among the 9 patients included in the GL group in this study, median overall duration
of treatment was 21.3 months.(10) Total patient-years of exposure for the GL group
was 11.3 years. Dose interruptions were reported in 2 GL patients; duration of the
dose interruption was 1 day in 1 patient and 1 year in the other. Median average daily
dose in GL patients was 3.7 mg and median maximum daily dose over the study
period was 5.0 mg. The median weighted average daily dose over the study period in
GL patients was 3.7 mg or 0.057 mg/kg.

Across the 7 patients in the PL subgroup, median overall duration of treatment with
metreleptin was 53.1 months.(10) Total patient-years of exposure for the PL
subgroup was 28.4 years. Dose interruptions were reported in 6 of these 7 patients.
Median duration of dose interruptions for these 6 patients was 4.5 days. Similar to
what was observed in study NIH 991265/20010769, median average daily dose in
the PL subgroup was higher than that in GL patients at 8.9 mg and median maximum
daily dose was 10.0 mg. The median weighted average daily dose over the study
period in patients in the PL subgroup was 9.0 mg or 0.110 mg/kg.

9.7.2.3.2 Adverse events
A summary of TEAEs is shown in

In the GL group, 7 (78%) of the 9 patients reported at least 1 TEAE; drug-related
TEAESs were reported in 6 (67%) of these patients.(10) All 7 patients in the PL
subgroup experienced at least 1 TEAE, and TEAEs were assessed as drug-related in
6 (86%) of these 7 patients.

In 6 (67%) of the 9 patients with GL, events of severe intensity were reported. All
TEAEs in the PL subgroup were mild to moderate in severity.(10) Among the PL
patients not included in the PL subgroup, events of severe intensity were reported in
9 (36%) of the 25 patients.

Two (5%) of the 41 patients died during study FHA101, including one patient with GL
and one with PL (not in the PL subgroup).(10) The cause of death was progression of
pre-existing adenocarcinoma in one patient and loss of consciousness following a fall
in her home in another. Neither of the deaths was assessed as drug-related.

Overall, 6 (67%) of the 9 GL patients experienced at least 1 SAE, none of which was
assessed as related to study treatment.(10) There were no SAEs reported in patients
in the PL subgroup. Ten patients with PL who were not in the PL subgroup
experienced SAEs.

Discontinuations due to TEAEs were reported in the 2 patients who died and in 2
additional patients with PL (not in the PL subgroup).(10)
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In general, when considering the difference in sample size, the types and incidence
for commonly reported TEAEs in study FHA101 were similar to those reported in the
pivotal study NIH 991265/20010769. Among the 9 patients with GL in Study FHA101,
the most commonly reported TEAES, all reported in 2 patients (22%), were
hypoglycaemia, upper respiratory tract infection, abdominal pain, increased liver
function tests, and ear infection.(10) For the 7 patients in the PL subgroup, the most
commonly reported TEAEs were hypoglycaemia, upper respiratory tract infection,
and urinary tract infection (each 3 patients, 43%), and nausea, anxiety, and sinusitis
(each 2 patients, 29%). The only drug-related TEAE reported in more than 1 GL
patient was hypoglycaemia (2 patients, 22%). In the PL subgroup, the only drug-
related TEAEs reported in more than 1 patient were hypoglycaemia and nausea
(each 2 patients, 29%).

Table C26: Adverse events: Study FHA101 (safety analysis set)

GL PL subgroup? PL overall
(N=9) (N=7) (N=32)
Overall summary
TEAE 7(77.8) 7 (100.0) 27 (84.4)
Drug-related TEAE 6 (66.7) 6 (85.7) 22 (68.8)
Severe TEAE 6 (66.7) 0 9(28.1)
Drug-related severe 0 0 2(6.3)
TEAE
Treatment-emergent 6 (66.7) 0 10 (31.3)
SAE
Drug-related treatment 0 0 1(3.1)
emergent SAE
TEAE leading to study 1(11.1) 0 3(94)
drug discontinuation
On-study deaths 1(11.1) 0 1(3.1)

Most common (=5% incidence overall) TEAE (MedDRA preferred term)

Hypoglycaemia 2(22.2) 3(42.9) 11 (34.4)
Upper respiratory tract 2 (22.2) 3 (42.9) 6 (18.8)
infection

Urinary tract infection 1(11.1) 3(42.9) 6 (18.8)
Nausea 1(11.1) 2 (28.6) 12 (37.5)
Anxiety 1(11.1) 2 (28.6) 2 (6.3)
Sinusitis 0 2 (28.6) 2 (28.6)
Liver function test 2(22.2) 1(14.3) 1(3.1)
increased

Abdominal pain 2(22.2) 1(14.3) 5(15.6)
Vomiting 1(11.1) 1(14.3) 4(12.5)
Headache 1(11.1) 1(14.3) 4(12.5)
Injection site bruising 1(11.1) 1(14.3) 4 (12.5)
Lymphadenopathy 1(11.1) 1(14.3) 3(94)
Dizziness 0 1(14.3) 3(9.4)
Muscle spasms 0 1(14.3) 6 (18.8)
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GL PL subgroup? PL overall

(N=9) (N=7) (N=32)
Myalgia 0 1(14.3) 3(94)
Viral infection 0 1(14.3) 3(9.4)
Ear infection 2(22.2) 0 1(3.1)
Dyspnoea 1(11.1) 0 2(6.3)
Vertigo 0 0 4 (12.5)
Injection site pruritus 0 0 3(94)

Abbreviations: GL = generalised lipodystrophy; PL = partial lipodystrophy; MedDRA = Medical Dictionary for
Regulatory Activities; SAE = serious adverse event; TEAE = treatment-emergent adverse event

@ PL subgroup = PL subgroup = patients with baseline leptin <12 ng/mL and HbA1c 26.5% and/or triglycerides
25.65 mmol/L

9.7.2.4 Pooled safety analysis

In order to support the proposed product information for the marketing authorisation
application (MAA) to the EMA, data were pooled across studies and LD type.(86)
Table C27 provides an overall summary of all adverse drug reactions reported in
patients with GL (n=75) and patients in the PL subgroup (n=38) who were treated in
the two LD studies NIH 991265/20010769 and FHA101. The only events reported in
>10% of these 113 patients were weight decreased (15%) and hypoglycaemia (13%);
fatigue was reported in 7% of patients and injection site reaction, neutralising
antibodies, decreased appetite, nausea, and alopecia were each reported in 4% of
patients with all other adverse drug reactions reported in 1 (<1%) or 2 (2%) of the
113 patients.(86)

Table C27: Metreleptin Adverse Drug Reactions in all patients with GL and patients
in the PL subgroup across study NIH 991265/20010769 and study
FHA101 (Safety Population)

MedDRA SOC All GL patients AND patients in the PL subgroup
Preferred term (N=113)
N (%)
General disorders and administration site 21(18.6)
conditions
Fatigue 8(7.1)
Injection site reaction 4 (3.5)
Injection site bruising 2(1.8)
Injection site erythema 2(1.8)
Injection site urticaria 2(1.8)
Chest pain 1(0.9)
Injection site induration 1(0.9)
Injection site inflammation 1(0.9)
Injection site pain 1(0.9)
Investigations 21 (18.6)
Weight decreased 17 (15.0)
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MedDRA SOC All GL patients AND patients in the PL subgroup
Preferred term (N=113)
N (%)
Neutralising antibodies 4 (3.5)
Liver function test increased 1(0.9)
Metabolism and nutrition disorders 19 (16.8)
Hypoglycaemia 15(13.3)
Decreased appetite 4 (3.5)
Gastrointestinal disorders 7 (6.2)
Nausea 4(3.5)
Abdominal pain 2(1.8)
Anal incontinence 1(0.9)
Dyspepsia 1(0.9)
Vomiting 1(0.9)
Skin and subcutaneous tissue disorders 5(4.4)
Alopecia 4 (3.5)
Night sweats 1(0.9)
Nervous system disorders 3(2.7)
Headache 2(1.8)
Disturbance in attention 1(0.9)
Dizziness 1(0.9)
Reproductive system and breast disorders 3(2.7)
Menorrhagia 2(1.8)
Vaginal haemorrhage 1(0.9)
Blood and lymphatic system disorders 1(0.9)
Iron deficiency anaemia 1(0.9)
Cardiac disorders 1(0.9)
Tachycardia 1(0.9)
Musculoskeletal and connective tissue disorders 1(0.9)
Arthralgia 1(0.9)
Neoplasms benign, malignant and unspecified 1(0.9)
(incl cysts and polyps)
Anaplastic large-cell lymphoma 1(0.9)
Renal and urinary disorders 1(0.9)
Urinary incontinence 1(0.9)
Respiratory, thoracic and mediastinal disorders 1(0.9)
Respiratory distress 1(0.9)
Vascular disorders 1(0.9)
Hypertension 1(0.9)
Abbreviations: GL = generalised lipodystrophy; MedDRA = Medical Dictionary for Regulatory Activities; PL =
partial lipodystrophy; SOC = system organ class

Source: Data on file.(86)
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9.7.2.5 Selected adverse reactions
Pancreatitis

One of the primary metabolic abnormalities in patients with LD is severe
hypertriglyceridaemia, which can result in life-threatening bouts of acute pancreatitis.
In study NIH 991265/20010769, where medical history was more consistently
reported, 31% of patients (33 of 107) reported a history of pancreatitis.(9)

Across the 148 patients included in LD studies, 6 (4%) patients (4 with GL and 2 with
PL), experienced treatment-emergent pancreatitis.(1, 9, 10) All patients had a history
of pancreatitis and hypertriglyceridaemia.(1, 9, 10) One of the patients who
developed septic shock concurrent with pancreatitis died; the other 5 patients
recovered and continued on treatment.(1, 9, 10) Abrupt interruption and/or non-
compliance with metreleptin dosing was suspected to have contributed to the
occurrence of pancreatitis in several of these patients.(1) The mechanism for
pancreatitis in these patients was presumed to be return of hypertriglyceridaemia and
therefore increased risk of pancreatitis in the setting of discontinuation of effective
therapy for hypertriglyceridaemia.(1)

Serious infections

A significant number of patients with acquired forms of LD have low C3 levels and
the presence of polyclonal immunoglobulin C3 nephritic factor, increasing the risk for
recurrent bacterial infections.(22, 87)

A review of available literature was undertaken to understand the propensity as well
as the rate of development of serious infection in patients with LD. The conclusion of
this review was that the natural history of patients with LD with low leptin levels is to
experience higher rates of infection than the general population.(5, 88-91)

In study NIH 991265/20010769, serious infections were reported in 7 (11%) of 66
patients with GL and in 2 (7%) of 31 patients in the PL subgroup.(9) The only serious
infections reported in more than 1 patient in the GL group were sepsis and
pneumonia, each reported in 2 patients (3%). In the PL subgroup, serious infections
included cellulitis, streptococcal infection, and pharyngitis in 1 patient and
osteomyelitis and cellulitis in the other. All serious infections were assessed as
unrelated to study treatment and none led to treatment discontinuation. In study
FHA101, no serious infections were reported in the GL group or in the PL
subgroup.(10)

Hypoglycaemia
Metreleptin may decrease insulin resistance in diabetic patients, resulting in
hypoglycaemia in patients with LD and co-existing diabetes.(1) Hypoglycaemia,

deemed as related to metreleptin treatment, occurred in 13.3% of patients studied.
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All reports of hypoglycaemia in patients with GL and in the PL subgroup, have been
mild in nature with no pattern of onset or clinical sequelae.(1) Generally the majority
of events could be managed by food intake with only relatively few modifications of

anti-diabetic medicine dosage occurring.(1)

T-cell lymphoma

Three cases of T-cell ymphoma have been reported while taking metreleptin in
clinical studies.(1) All three patients had acquired GL. Two of these patients were
diagnosed with peripheral T-cell lymphoma while receiving the medicinal product.
Both had immunodeficiency and significant haematological abnormalities including
severe bone marrow abnormalities before the start of metreleptin treatment. A
separate case of anaplastic large cell ymphoma was reported in a paediatric patient
receiving the medicinal product who did not have haematological abnormalities
before treatment.

Immunogenicity (neutralising antibodies)

In clinical trials (studies NIH 991265/20010769 and FHA101), the rates of antidrug
antibodies (ADAs) for GL patients and the PL subgroup patients were 96% (51 out of
53 patients) and 93% (27 out of 29 patients), respectively.(1)

Overall, in patients where antibody data was available, neutralising ADA activity was
observed in 38/102 patients (37%): 25/53 (47%) with GL and 6/29 patients (21%)
within the PL subgroup. An attenuation (typically denoted by initial improvement and
then decline of both HbA1c and triglyceride levels) and worsening (denoted by
decline from baseline in both HbA1C and triglycerides) of metreleptin effect was
reported in patients with PL and GL, both with and without neutralising ADAs. In the
majority of patients with neutralising activity and apparent attenuation or worsening of
metreleptin effect, this effect was transient and without clinical impact.

Serious and/or severe infections that were temporally associated with neutralising
activity occurred in 5 GL patients.(1) These events included one episode in one
patient of serious and severe appendicitis, two episodes in patients of serious and
severe pneumonia, a single episode of serious and severe sepsis and non-serious
severe gingivitis in one patient and six episodes of serious and severe sepsis or
bacteraemia and one episode of non-serious severe ear infection in one patient. One
serious and severe infection of appendicitis was temporally associated with
neutralising activity in a patient with PL who was not in the PL subgroup (i.e. not the
indicated population but with a similar safety profile). None of these temporally
associated infections were considered related to metreleptin treatment by the study
investigators. LD patients with neutralising antibodies and concurrent infections
responded to standard of care treatment.

Of the 38 patients with neutralising activity
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58% achieved resolution of neutralising antibodies, including 15 patients with GL and
7 patients with PL, and

87% (33/38) received uninterrupted metreleptin dosing throughout the period of
neutralising activity.(1)

Injection site reactions

Injection site reactions were reported in 3.5% of patients with LD treated with
metreleptin.(1) All events reported in clinical studies in patients with LD have been
mild or moderate in severity and none have led to treatment discontinuation. Most
events occurred during the initial 1-2 months of initiation of metreleptin.

All events reported in clinical studies in patients with LD have been mild or moderate
in severity and none have led to treatment discontinuation.

9.7.2.6 Paediatric population

Across the two completed clinical studies (NIH 991265/20010769 and FHA101),
there were 50 paediatric subjects (5 in the PL subgroup and 45 with GL) enrolled and
exposed to metreleptin. Limited clinical data exists in children less than 6 years
old.(1)

Overall, the safety and tolerability of metreleptin are similar in children and adults.(1)
In GL patients, the overall incidence of drug-related adverse reactions was similar
regardless of age. SAEs were reported in 15 paediatric patients, primarily reports of
abdominal pain and pancreatitis (each 3 patients), and pneumonia and liver disorder
(each 2 patients).(1) The only common TEAEs reported at a higher incidence (=10%
difference) in patients =6 to <18 years compared to adults were abdominal pain (25%
vs 5%) and nausea (15% vs 0%).(1) In PL patients, assessment across age groups
is limited, due to the small sample size.(1) However, there were no apparent
differences in the overall incidence or the incidence of common adverse events
between age categories.(1)

9.7.2.7 Provide a brief overview of the safety of the technology in relation to
the scope.

The safety profile of metreleptin in patients with LD is consistent with that of a patient
population with significant co-morbidities. The long-term exposure available from
clinical trials across a relatively large population of patients with this ultra-rare
disease provides guidance on the expected safety profile of this agent intended for
chronic therapy in patients with GL and in a subgroup of patients with PL who have
more significant baseline metabolic disturbances of HbA1c 26.5% and triglycerides
25.65 mmol/L.

Further, data from the post-marketing period from 138 patients who have been
exposed worldwide to commercially available metreleptin (including 116 in the US
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and 22 in Japan) has shown a safety profile that is consistent with that observed in
clinical trials with no new safety signals identified. The identified risks of
hypersensitivity, acute pancreatitis associated with metreleptin discontinuation, and
hypoglycaemia with concomitant use of insulin and insulin secretagogues can be
managed with risk communication in labelling and educational activities.(1, 9, 10)

In conclusion, the known side effects of metreleptin can be managed as part of the
normal clinical practice for patients with this complex condition.

9.8 Evidence synthesis and meta-analysis

When more than one study is available and the methodology is comparable, a meta-

analysis should be considered.

Section 9.8 should be read in conjunction with the ‘Guide to the Methods of

Technology Appraisal’, available from www.nice.org.uk/quidance/ta

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.

Non-applicable.

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.

An evidence synthesis and/or meta-analysis were not considered appropriate. There
is a lack of relevant active comparators, and current treatment for LD is supportive
care, with the choice of care based on the patients’ status and symptoms; therefore
no indirect comparisons were conducted. See Section 9.9.1.1 for a qualitative
summary of the principal findings of the metreleptin clinical studies (Study NIH
991265/20010769 and Study FHA101) and Section 9.5 for the critical appraisal of the
studies.

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.

9.9.1.1 Summary of principal findings

The main benefits of metreleptin treatment in patients with GL and in the subgroup of
patients with PL who have clinically similar metabolic disturbances as patients with
GL can be summarised as follows:
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¢ Clinically meaningful and statistically significant improvements in HbA1c
consistent with improvement in insulin sensitivity:

O

In study NIH 991265/20010769, mean actual change in HbA1c to
Month 12/LOCF was -2.2% (p<0.001) for GL patients and -0.9%
(p<0.001) for patients in the PL subgroup.

In study FHA101, mean actual change from baseline to Month
12/LOCF for HbA1c was -1.2% for GL patients and -0.8% for patients
in the PL subgroup.

¢ Clinically meaningful and statistically significant improvements in
hypertriglyceridaemia:

O

In study NIH 991265/20010769, mean percent change in triglycerides
to Month 12/LOCF was -32.1% (p=0.001) for the GL group and -
37.4% (p<0.001) in the PL subgroup excluding the 1 outlying
noncompliant patient.

In study FHA101, mean percent change from baseline to Month
12/LOCF for triglycerides was similar in the GL group as -26.9%;
however, for the PL subgroup, the mean percent change was lower at
-8.5% likely related to a much lower baseline triglyceride level in this
group of patients. Importantly, 5 of the 7 patients in the PL subgroup in
this study showed reductions from baseline to Month 12/LOCF in
triglycerides ranging from -5.7% to -52.3%.

Not all patients in the studies had both raised HbA1c and triglycerides at baseline.
The effect of metreleptin was even more pronounced in those patients with an HbA1c
>7% or those with triglycerides over 5.65 mmol/L at baseline.

e In study NIH 991265/20010769, among 45 patients with GL who had a baseline
HbA1c of 7% or greater and data available at Month 12, the mean (SD) baseline
HbA1c was 9.6% (1.63) and the mean reduction in HbA1c at Month 12 was 2.8%.
Among 24 patients with GL who had a baseline triglyceride level 5.65 mml/l or
greater and data available at Month 12, the mean (SD) baseline triglyceride level
was 31.7 mmol/l (33.68) and the mean percent reduction in triglycerides at Month
12 was 72%. Among 15 patients in the subgroup with PL who had a baseline
triglyceride level 5.65 mmol/l or greater and data available at Month 12, the mean
(SD) baseline triglyceride level was 27.6 mmol/l (32.88) and the mean percent
reduction in triglycerides at Month 12 was 53.7%.

Clinically meaningful and statistically significant reductions in HbA1c and triglycerides
were sustained over long-term treatment in patients with GL and in the PL subgroup.
Most patients received 2 or more years of therapy with a maximum duration of 14
years; total patient-years of exposure across the LD studies was >500 years. Based
on the results of the MMRM analysis, which takes into account changes over all
visits, statistically significant reductions from baseline were observed in both HbA1c
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and triglycerides in patients with GL and in the PL subgroup in study NIH
991265/20010769. Results for the MMRM analysis were directionally consistent but
not statistically significant in study FHA101.

o Target responses of 21% in HbA1c and/or 230% in triglycerides were observed in
patients with GL and in the PL subgroup.

o In study NIH 991265/20010769, nearly 80% of GL patients and 68% of
patients in the PL subgroup had a 21% actual decrease in HbA1c or a
230% decrease in triglycerides at Month 12/LOCF with 66% and 43%,
respectively, achieving the highest target decreases of 22% in HbA1c or a
240% in triglycerides.

o Patients in the supportive study also achieved these target decreases with
3 of 6 GL (50.0%) patients and 2 of 7 (28.6%) patients in the PL subgroup
having a 21% actual decrease in HbA1c or a 230% decrease in
triglycerides at Month 12/LOCF.

¢ Clinically meaningful improvements were observed in elevated hepatic enzymes
and hepatomegaly, commonly used surrogate measures of hepatic steatosis.

o Substantial improvements were observed in liver function tests in GL
patients during metreleptin treatment. Reductions in transaminase levels
were also observed in the PL subgroup, although of lower magnitude,
likely related to lower baseline levels of ALT and AST in this group of
patients.

o Reductions in liver volume of 230% were observed in most patients with
hepatomegaly at baseline who had post-baseline assessment, including
paediatric patients.

o These results are consistent with results published by the NIH
investigators showing improvement in liver fat with metreleptin treatment
assessed by MRI and/or nuclear magnetic resonance spectroscopy and in
improvements in liver biopsy results in subsets of the patients studied
herein by Javor et al 2005; Petersen et al 2002 and Safar-Zadeh et al
2013.(57, 58, 64)

¢ Improvements in insulin resistance and hypertriglyceridaemia were substantial
enough that some patients were able to discontinue use of insulin, oral
antidiabetic medications and/or lipid-lowering therapies.

o Effects to improve hyperphagia have been described in patients treated at the
NIH by McDuffie et al 2004 and Moran et al 2004.(54, 55) Improvement in
hyperphagia due to relative leptin deficiency helps to break the cycle of excess
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food consumption that further exacerbates metabolic abnormalities as ingested
fats are directed towards ectopic locations.

Long-term follow-up data of metreleptin treatment in LD patients over several years
indicate an overall favourable safety profile. Adverse events are generally consistent
with that of a patient population with significant co-morbidities. The identified risks of
hypersensitivity, acute pancreatitis associated with metreleptin discontinuation, and
hypoglycaemia with concomitant use of insulin and insulin secretagogues can be
managed with risk communication in labeling and educational activities.

In conclusion, the maijority of LD patients with metabolic abnormalities including
diabetes and/or hypertriglyceridaemia who are treated with metreleptin can expect
clinically meaningful (and in some instances substantial) improvements in glycaemic
control and/or triglycerides levels. Even in patients who may not achieve commonly
accepted treatment targets with metreleptin, improvements in metabolic
abnormalities that are otherwise sub-optimally controlled with currently available
therapies can be clinically meaningful, e.g decreasing triglycerides to levels that
decrease the risk of acute pancreatitis and cardiovascular events and improvement
in insulin-resistance leading to a reduction in the known effects of prolonged
diabetes. These benefits are particularly notable in light of the marginal effectiveness
of standard, currently available diabetes and lipid-lowering therapies in patients with
LD due to the underlying pathophysiology and severity of the metabolic
abnormalities. In addition, improvement in liver function tests and liver volume has
also been observed with metreleptin treatment.

9.9.1.2 Number needed to treat (NNT) and number needed to harm (NNH)

It was not possible to estimate numbers needed to treat from the clinical trial data as
there are no studies which compared treatment with metreleptin to no
treatment/placebo. However, it is worth noting with respect to the NNT that in study
NIH 991265/20010769, nearly 80% of GL patients and 68% of patients in the PL
subgroup had a 21% actual decrease in HbA1c or a 230% decrease in triglycerides
at Month 12/LOCF with 66% and 43%, respectively, achieving the highest target
decreases of 22% in HbA1c or a 240% in triglycerides. In addition, with respect to
NNH, very few patients discontinued due to a TEAE (study NIH 991265/20010769:
GL patients=5 [7.6%]; PL subgroup= 1 [3.2%]; PL patients overall=1 [2.4%]; study
FHA101: GL patients=1 [11.1%]; PL subgroup=0; PL patients overall=3 [9.4%]).

9.9.2 Provide a summary of the strengths and limitations of the clinical-
evidence base of the technology.

Metreleptin has been evaluated in a comprehensive clinical trial programme in LD
patients, which has included a large number of patients (especially in the context of
this extremely rare disease) across the different LD types, including 75 patients with
GL, 73 with PL and 38 in the PL subgroup corresponding to the original proposed
indicated population (186 patients overall). Furthermore, treatment was continued
long-term thus providing prolonged exposure to metreleptin for assessment of
efficacy and safety. Over 85% of the 107 patients in study NIH 991265/20010769
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received >1 year of metreleptin, 72% received >2 years, 54% received >3 years, and
28% received 6 or more years of metreleptin in this study. The maximum duration of
therapy was 14 years. In study FHA101, 70% of the 40 patients with data available
for exposure received >1 year, 45% received >2 years, and 35% receiving 3 years or
more of metreleptin. The maximum duration of metreleptin was approximately 5.5
years. Collectively across these 2 studies in patients with LD, the total patient-years
of exposure to metreleptin was 563.5 years.

A limitation was the lack of a placebo control, which precluded quantification of the
true magnitude of treatment effect (i.e the magnitude of improvement in HbA1¢ and
serum triglycerides after accounting for potential placebo effects or other
confounders). However, given the rarity of the disease and the lack of therapeutic
options specific for the treatment of LD, the single-arm, open-label design was
considered appropriate. Moreover, because patients with LD are at risk for serious,
life-threatening metabolic complications, and because marked improvements with
metreleptin were demonstrated in the pilot study, utilising a placebo control in this
overall patient population was considered not ethically justifiable. The study’s efficacy
endpoints were objective measurements, including the co-primary endpoints of
HbA1c and triglycerides. These measurements were primarily obtained at a single
laboratory in the pivotal study and thus treatment effects could be appropriately
evaluated with a single-arm, baseline-controlled, within patient design. Further, the
open-label study design afforded the greatest sample population exposure to
metreleptin in this rare disease. Furthermore, given the robust responses and the
duration of metabolic improvements observed with metreleptin treatment, the
likelihood that the improvements occurred solely as part of the natural history of the
condition or by chance alone is highly improbable.

Finally, the clinical trials did not collect data on the impact of metreleptin on the
HRQoL of patients and carers, which would have been useful to explore.

9.9.3 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.

The evidence base for metreleptin addresses the scope, except that study NIH
991265/20010769 and Study FHA101 did not collect data on some of the outcomes
including: organ abnormality including heart and kidneys; reproductive dysfunction
and HRQoL (for patients and carers; including effects on appearance). The patient
population was relevant to original sought after indication, and included patients with
GL and the subgroup of patients with PL with more severe metabolic complications.
However, criteria for the selection of the PL subgroup is likely to change prior to
approval and is currently under discussion.

9.9.4 Identify any factors that may influence the external validity of study
results to patients in routine clinical practice.

Patients with LD were enrolled in study NIH 991265/20010769 based on having at
least 1 of 3 metabolic abnormalities including diabetes mellitus, fasting insulin
concentration >30 pU/mL, and/or fasting triglyceride concentration >2.26 mmol/L or
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postprandially elevated triglycerides >5.65 mmol/L when fasting was clinically not
indicated (e.g., in infants); these are the hallmark of this syndrome, i.e., insulin
resistance with diabetes mellitus and hypertriglyceridaemia. In the supportive study
FHA101, patients had to be diagnosed with diabetes mellitus and/or
hypertriglyceridaemia. The study populations have external validity because they
appropriately represent the population of patients with LD, based on the phenotype of
LD that would be expected to receive metreleptin in clinical practice. Data were
presented for the PL subgroup, which reflects the original sought indication of PL
patients. However, as discussed the criteria for the PL subgroup is likely to change in
the final indication.

The patients in the clinical trials may have been more severe than those seen in
clinical practice in England, as they were referred to a tertiary care center. In
addition, they had to travel long distances to get there were possibly monitored less
frequently as a result. Data from an interim analysis from the EAP, including patients
in England, is expected in Q1/Q2 2018. It is possible that improvements with
metreleptin may be greater if treatment is initiated earlier and patients are more
closely monitored.

Various ages (covering both adult and paediatric populations) and LD types (CGL,
AGL, FPL and APL) were represented in study NIH 991265/20010769 (Section 0). In
clinical practise, as in the clinical studies, the subtype is related to the age of onset,
with signs and symptoms generally occurring earlier in GL vs PL; and generally
earlier in congenital/familial vs acquired. This is reflected in the median age of
patients in the studies: in study NIH 991265/20010769 the median age of the GL
group was 15 years with 68% of patients <18 years of age; patients in the PL
subgroup were older (median age 38 years) compared with patients in the GL group,
with 84% =18 years of age. In study FHA101, most patients in both groups were 218
years of age at the time of enrolment.

A large proportion of patients were Caucasian (Study NIH 991265/20010769:
GL=47%; PL subgroup=84%; Study FHA101: GL=89%; PL subgroup=71.4%),
reflecting the demographics in England. There was a predominance of female
patients, which reflects the fact that females are more commonly affected in acquired
lipodystrophy. A proportion of patients (20% of GL patients and 7% of PL patients) in
study NIH 991265/20010769 were enrolled from Europe/Eastern Mediterranean
counties, including the UK.

Patients with LD have multiple co-morbidities related to the underlying metabolic
abnormalities. Consistent with this, all 107 patients in study NIH 991265/20010769
had at least one medical history event reported, including hypertriglyceridaemia,
diabetes mellitus, hepatomegaly/ hepatosplenomegaly, NASH/steatohepatitis,
proteinuria, pancreatitis, and hepatic steatosis (Section 0). The majority of patients
were receiving antidiabetic and lipid lowering medications at study entry. This is
expected to reflect patients in clinical practice.(19)
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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.

The criteria to select patients will be in line with the final indication in GL patients and
the PL subgroup of patients with severe metabolic abnormalities. Clinicians at
Addenbrooke’s will determine the clinical need for metreleptin in patients who are not
controlled on standard symptomatic care

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.

In lipodystrophy patients, the ability to store fat is impaired, leading to excessive fat in
the blood. The way in which adipose tissue—e.g., location and extent of fat loss—is
impaired differs between GL and PL, as well as between phenotypes (e.g.,
congenital, acquired, familial). The onset of illness is childhood or adolescence,
leading to progressive morbidities in adulthood (Section 6).

Fat deposits can occur in a number of organs, with significant abnormalities observed
in the heart, kidney, liver and pancreas (Sections 6.1.1 and 6.1.2;

Figure B1 Figure B2). The impact of lipodystrophy is progressive, uncontrolled
metabolic disease, with severe insulin resistance, early-onset diabetes, and
hypertriglyceridemia. Lipodystrophy is associated with a number of other
complications such as hyperphagia, dyslipidaemia, acanthosis nigricans,
reproductive dysfunction, and infection. Patients can experience early death as a
consequence of lipodystrophy complications (Section 6.3 and

Table B6).

Among the many physical and psychological consequences of the disease affecting
patients and families, the insatiable hunger and hyperphagia (sense of starvation)
that patients with lipodystrophy typically experience every day is particularly
damaging (Table C28 below; Section 7.1 and Table B8), and may be associated
with: Excessive food/lipid intake, uncontrolled diabetes and hypertriglyceridemia
(Section 7.1;
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Figure B5)

o Ectopic fat deposition, organ abnormality and disease progression (Figure
B2)
e Impaired or complete inability to work or attend school (Figure B8)

e Impaired physical appearance (e.g., due to disproportionate fat accumulation
in body areas where adipose cells are present for PL patients) (

e Figure C20 below; Table B7)
e Depression, anxiety, and impaired quality of life (Figure B7)

An overview of lipodystrophy-related complications, clinical consequences and
impact on patient quality of life can be found in Table C28.

Figure C20: The physical appearance of (A) a 26-year old female with FPL and (B) a
45-year old female with APL
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Abbreviations: APL = acquired partial lipodystrophy; FPL = familial partial lipodystrophy

Source: Brown 2016 (2)

Table C28:

Lipodystrophy-related complications

Complication

Clinical features

Potential impact on quality of life

Liver abnormality

o Ectopic fat deposit on liver
o Hepatomegaly

o Hepatic steatosis

o Steatohepatitis

e Cirrhosis

o Liver failure

Loss of weight and appetite
Extreme fatigue, weakness

Hallucinations, confusion or
trouble concentrating

Vomiting of blood
Higher mortality risk

Heart abnormality

e Cardiomyopathy

o Heart failure

e Myocardial infarction
e Arrhythmia

Need for surgery
Early death
Chest pain (angina)

Need to take regular
medications

Kidney abnormality

e Chronic kidney disease
* Nephropathy
o Kidney failure

Need to be put on dialysis

Need for kidney transplantation

Higher mortality risk

Pancreas abnormality

o Acute pancreatitis

Need for extra medication (e.g.

diabetes, pancreatitis)
Abdominal pain

Severe pancreatitis harming
other vital organs

Higher mortality risk
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Complication

Clinical features

Potential impact on quality of life

amputations

e Typically a complication of
diabetes

Retinopathy ¢ |Impairment or loss of vision o Blurred vision
due to abnormality to retina « Blindness
blood vessels
. — ¢ Impaired social/work functioning
o Typically a complication of
diabetes
Neuropathy o Peripheral nerve abnormality e Abnormal sensation in feet and
o Typically a complication of hands
diabetes o Pain not easily managed with
common analgesics
¢ Impaired muscle movement
Amputation o Common feet extremity o |mpaired mobility

Grief over lost limb/depression

Impaired physical appearance

o Extreme muscularity of arms
and legs

o Excessive facial hair
e Acanthosis nigricans
o Skeletal facial features

e Severe body asymmetry
(swollen face vs.
skinny/muscular legs)

Low self-esteem
Depression

Need for aesthetic/restorative
surgery

Female reproductive
dysfunction/infertility

o Partially or completely
compromised female
reproductive function

o Missed or irregular menstrual
cycles, which can be
associated with heavy
bleeding

o Ovarian cysts, Polycystic
Ovarian Syndrome

o Clitoromegaly

e Ovaries produce more male
hormones than normal

o Physical signs (acne, male-
pattern baldness, weight gain,
skin tags)

Inability to have children
Anxiety/Depression
Delayed puberty

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.

Patients with congenital GL are recognised at birth or soon thereafter due to their
lack of subcutaneous fat, while loss of adipose tissue in other forms typically occurs
during childhood or puberty.(19) The impacts of lipodystrophy on the quality of life of
patients, their caregivers and their families can be devastating. The course of GL
includes progressive, uncontrolled metabolic disease, with severe insulin resistance,
early-onset diabetes, and hypertriglycaeridemia. Visual damage, peripheral nerve
damage, amputation and chronic pain can occur. These conditions present at an
early age in GL particularly, estimated at about 2 years of age. (19) Multiple organ
abnormalities (e.g., liver, heart, kidney, and pancreas) is commonly observed and the
condition is characterised by early death. i.e., mean age of mortality was 12.5 years
for CGL, 32.2 years for AGL, 27.8 years for FPL and 22.7 years for APL (
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Table B6). A full overview of the disease course of GL and PL and their impact on
patient quality of life are illustrated in Figure C21.

Figure C21: The disease course of GL and PL

Disease drivers Patient impact
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HRQoL data derived from clinical trials

10.1.3

If HRQoL 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.

Method of elicitation

Method of valuation

Point when measurements were made
Consistency with reference case
Appropriateness for cost-effectiveness analysis
Results with confidence intervals.

No HRQoL data were collected in the clinical trials identified in Section 9.

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

Details of the methodology used

Details of validation of the mapping technique.
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Since no HRQoL data were collected in the clinical trial, mapping from one
instrument to another was not undertaken.

HRQoL studies

10.1.5 Please provide a systematic search of HRQoL 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 used. The search
strategy used should be provided in appendix 17.1.

A systematic review of the HRQoL data was performed in accordance with a pre-
specified protocol. The aim of this review was to systematically search and identify all
literature available describing the economic, cost and resource use and HRQoL
evidence associated with patients with lipodystrophy.

Three separate literature searches were defined for economic, cost and resource use
and HRQoL evidence. Due to the degree of overlap in search terms, the initial
electronic searches were combined. After the identification of papers, screening and
data extraction were independently conducted as per the inclusion and exclusion
criteria defined for each review within the protocol. Individual screening processes
were conducted for each of these components to increase the sensitivity and
specificity of the review to address the pre-defined research objectives.

The search strategy for the combined economic, cost and resource use and HRQoL
reviews is presented in the Appendix 17.3.4 Figure C22 presents results of the
systematic literature searches for HRQL studies in lipodystrophy. The study selection
process is detailed in a PRISMA flow chart.
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Figure C22: PRISMA diagram to show the identification of HRQoL associated with
lipodystrophy

\

Papers identified from electronic searches (n=2,109)
EMBASE = 1,331
MEDLINE = 767
DARE=6
HTA database = 4
NHS EED = 1

h J

Electronic removal of duplicates (n=1,005)

l Excluded (n=1,006)
( ) Duplicates = 103
Date =206
Records for primary screening (n=1,104) Outcome = 87

Population = 167
Publication type = 93
Study type =350

) Excluded (n=97)
Date =10
Outcome = 13
Population =65
Publication type = 8

Y, Study type =1

Records for full-text screening (n=98)

[ Papers found from manual searches (n=1)

Papers included for data extraction (n=2)
Abstract (n=1) and corresponding poster (n=1)

Key: EED, Economic Evaluation Database; HIV, Human Immunodeficiency Virus; HTA, Health
Technology Assessment; n, number; NHS, National Health Service; PRISMA, preferred reporting items
for systematic reviews and meta-analyses

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.
¢ Information on recruitment.

¢ Interventions and comparators.

e Sample size.

e Response rates.
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o Description of health states.

e Adverse events.

o Appropriateness of health states given condition and treatment
pathway.

e Method of elicitation.

e Method of valuation.

o Mapping.

e Uncertainty around values.

o Consistency with reference case.

¢ Results with confidence intervals.

Two papers were identified contributing to the HRQoL evidence; one abstract and
one conference poster presenting the same study: Dhankar et al. (2015). The
abstract added no additional information to the conference poster, as such data
extraction from the conference poster alone was performed (Table C29)

Table C29: Summary of papers identified in the HRQL review

Study Country | Population Cohort Age
size, n (%) | (years)
Dhankar et | US (56%) | Diagnosed lipodystrophy patients 73 18-50
al. (2015) | other OR individuals who suspect they years: 66%
(44%) have lipodystrophy but have not 50-65
been formally diagnosed or proxies years: 30%
answering questions on behalf of 65+ vears:
individuals with lipodystrophy or a5, years.

family members of patients
diagnosed with FPL or CGL

Key: CGL, Congenital generalised lipodystrophy; FPL, familial partial lipodystrophy; HRQL, health
related quality of life; n, number; US, United States

Dhankar et al. (2015) evaluated the HRQoL data obtained from the participants of the
Lipodystrophy Connect Registry. Patients could sign up to the registry via a website
and include patients with diagnosed lipodystrophy patients, individuals who suspect
they have lipodystrophy but have not been formally diagnosed, proxies answering
questions on behalf of individuals with lipodystrophy or family members of patients
diagnosed with FPL or CGL. 81% of patients reported having partial lipodystrophy,
whereas only 4% of patients reported having generalised lipodystrophy.

Registry participants were given five surveys, including the PROMIS Global Health
Short Form (SF). The PROMIS Global Health SF is a 10-item instrument
representing multiple domains and could be used to calculate an EQ-5D utility score.
The average estimated EQ-5D score associated with lipodystrophy was 0.67 (SD:
0.11).
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The utility score was estimated based on pooled HRQoL data across all subgroups of
lipodystrophy. Furthermore, the respondents were not necessarily all patients with
lipodystrophy. There may be bias in the results if some of the respondents are carers
of patients with lipodystrophy or if participants who wrongly think they have
lipodystrophy have completed the HRQoL questionnaire. No information was
provided on the clinical background of respondents.

The study was a cross-sectional study; as such, no information was provided about
the impact on HRQL over time or course of treatment. Hence, due to the above
limitations, this study was not considered to be useful for inclusion in the economic
analysis of metreleptin reported in Section 12.

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 comparison between the values derived from the literature and those reported in
the clinical trials was not drawn, because no HRQoL data were collected in the
clinical trials identified in Section 9.

Adverse events

10.1.8 Please describe how adverse events have an impact on HRQoL.

Hypoglycaemic events are identified as an adverse event for metreleptin across
Study NIH 991265/20010769 and Study FHA101. As metreleptin lowers the effect of
insulin resistance in patients with lipodystrophy with diabetes, there is an increasing
risk of hypoglycaemia as the doses are titrated.

The potential impact of hypoglycaemia on HRQoL may include depression, anxiety,
as well as impairment of the ability to drive, work and function.(92)The potential
impact of hypoglycaemia on HRQL may include depression, anxiety, as well as
impairment of the ability to drive, work and function.(92)The potential impact of
hypoglycaemia on HRQoL may include depression, anxiety, as well as impairment of
the ability to drive, work and function.(92)The potential impact of hypoglycaemia on
HRQL may include depression, anxiety, as well as impairment of the ability to drive,
work and function.(92)

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 measured by EQ-5D domains are neither available (per systematic
literature review) nor fully appropriate. Dhankhar et al.(2015) (44) estimated the
average EQ-5D score for lipodystrophy to be 0.67, however the domains informing
the EQ-5D do not provide adequate perspective on the lipodystrophy quality-of-life
burdens stemming from disease attributes such as hyperphagia, female reproductive
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dysfunction, changes in physical appearance, or organ abnormality. To fill this gap,
we conducted a discrete choice experiment (DCE) within the general population to
provide a large-sample estimate of health disutilities associated with key
lipodystrophy attributes. We surveyed 1,000 respondents in the US (250), UK (150),
France (150), Germany (150), Italy (150), and Spain (150). The survey consisted of 3
components: (1) a demographic questionnaire, (2) a tutorial informing respondents of
the disease and its associated attributes, and (3) a conjoint survey in which
participants were asked to choose their most preferred health profile from 2 choice
cards. Only participants who gave accurate responses to diagnostic questions at the
end of the tutorial were allowed to proceed to the conjoint survey. Choice cards
represent hypothetical patients and were constructed by assigning values to disease
attributes of interest and varying these values across the 2 cards. Further details
about the study methods and results are given in the Appendix 17.5.

After collecting these data, we applied standard QALY estimation techniques derived
from the academic literature to generate QALY decrements associated with the
relevant disease attributes (see Table C30 below). Details on how QALY decrements
were estimated are given in the Appendix 17.5.

Table C30: Per-period disutility toll from lipodystrophy-related complications

State Utility value Confidence interval
Heart abnormality -0.19 —0.20; -0.17
Liver abnormality -0.15 -0.17;-0.13
Kidney abnormality -0.13 -0.14; -0.11
Pancreas abnormality -0.13 —0.14; -0.11
Slow progression of organ abnormality 0.03 0.01; 0.06
Fast progression of organ abnormality -0.16 -0.18; -0.14
Unable to perform work/school work -0.25 -0.27; -0.24
Uncontrolled constant hunger (hyperphagia) -0.11 —0.13; -0.09
Impaired physical appearance -0.10 -0.12; -0.08
Disruption to female reproductive functioning - Polycystic Ovary -0.06 —0.08; -0.03
Syndrome

Disruption to female reproductive functioning - Infertility -0.17 —0.20; -0.14
Depression -0.18 -0.19; -0.16
Chronic Pain -0.15 -0.17;-0.13
Eye damage (Retinopathy) -0.19 -0.21; -0.17
Nerve damage (Neuropathy) -0.16 -0.18; -0.13
Amputation (e.g. toes, limb) -0.27 -0.29; -0.25
Triglyceride (blood fat) control — No response or worsening -0.11 -0.13; -0.09
Triglyceride (blood fat) control — Partial response -0.05 -0.07; -0.03
Impaired blood sugar control — No response or worsening -0.18 —0.20; -0.16
Impaired blood sugar control — Partial response -0.08 —0.10; -0.06
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Impaired blood sugar control — Achieved goal with hypoglycemia | -0.06 —0.08; -0.04
Increased risk of loss of response to treatment/development of -0.15 -0.17; -0.13
neutralizing antibodies (e.g., with additional medication)

Increased risk of lymphoma (a type of blood cancer) -0.13 -0.15; -0.11

10.1.10

To validate the per-period utility decrement estimates were
compared with the published literature (93) (See To validate the per-
period utility decrement estimates were compared with the
published literature (93) (See Figure 33 in Appendix 17.5) If clinical
experts assessed the applicability of values available or estimated
any values, please provide the following details®:To validate the per-
period utility decrement estimates were compared with the
published literature (93) (See Figure 33 in Appendix 17.5) If clinical
experts assessed the applicability of values available or estimated
any values, please provide the following details®:

the criteria for selecting the experts

the number of experts approached

the number of experts who participated

declaration of potential conflict(s) of interest from each expert or
medical speciality whose opinion was sought

the background information provided and its consistency with the
totality of the evidence provided in the submission

the method used to collect the opinions

the medium used to collect opinions (for example, was information
gathered by direct interview, telephone interview or self-administered
questionnaire?)

the questions asked

whether iteration was used in the collation of opinions and if so, how it

was used (for example, the Delphi technique).

Leading lipodystrophy clinical experts provided input into the DCE utility survey and
commented on the results. Due to the rarity of the condition, only a few clinicians are
involved in the management of lipodystrophy in the UK. Three clinicians, Dr.

b 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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Rebecca Brown, Dr. David Savage, and Dr. Anna Stears, from the primary treatment
centre in UK were approached and provided input based on their very extensive
experience with relevant lipodystrophy patients. Dr. Brown is involved in the care of a
large cohort of lipodystrophy patients at the US NIH, including participants in the
metreleptin clinical trials and the observational NIH Follow-up Study. Dr. Savage and
Dr. Stears practice at Cambridge University Hospital in the UK and are involved in
the care of the cohort of English lipodystrophy patients treated under the existing
NHS service specification (A03/S(HSS)/b) in place for insulin-resistant diabetes. A
number of these patients are enrolled in the metreleptin Early Access Programme
(Section 4.1).

Input from the clinicians helped identify and prioritise the lipodystrophy disease
attributes included in the utility survey based on their assessment of the conditions
experienced by their patients. The clinicians also reviewed and provided input on the
tutorial materials used to educate survey participants on the nature of each disease
attribute. There is currently ongoing work planned to review the values with the UK
clinicians to investigate whether they are consistent with their experience of the
relative impact of each attribute on the well being and quality of life of patients they
treat in clinical practice.

10.1.11 Please define what a patient experiences in the health states in
terms of HRQoL. Is it constant or does it cover potential variances?

A patient's health state is characterised by the presence or absence of a fixed set of
attributes, each of which has an independent contribution to their HRQoL. Each
health state yields a QALY value composed of 1 (utility from perfect health) minus the
sum of the QALY decrements associated with those attributes that characterise the
state (see Table C30 for the values of these QALY decrements). A starting utility
value of 1 was chosen not as an accurate reflection of a hypothetical patients’ true
health state but rather was chosen to minimise the number of patients with negative
utility values after decrements are applied. This starting utility value was chosen so
that the comparison between metreleptin treatment vs SOC reflects relative
differences in utility, which are reflected in the results of the economic model (Section
12.5). The QALY value of a health state is constant, in the sense that as long as the
patient is in the same health state, they experience the same QALY. Table C30 also
includes the 95% confidence interval of the QALY decrements generated by our
analysis.

Relevant health states have not been previously characterised for lipodystrophy
patients. Therefore, patient attributes are used in place of health states in cost-
effectiveness modelling. In each period of the model, the individual patient attributes
are different and vary from period to period.

10.1.12  Were any health effects identified in the literature or clinical trials
excluded from the analysis? If so, why were they excluded?

No HRQoL data were collected in the clinical trials identified in Section 9.
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The utility score estimated by Dhankar et al. (2015) (44) was not considered useful
because the estimates were based on a group of respondents, which includes
patients without lipodystrophy, as well as other limitations of this study (Section
10.1.6). Furthermore, there is no published literature that characterise disease
attributes treated by metreleptin.

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?

Baseline quality of life was derived from health states that patients inhabited at the
beginning of the NIH trial. For a given health state, a patient's quality of life was
calculated by adding up the QALY decrements of those attributes present in that
health state. Baseline quality of life for patients with no attributes present was
assumed to be 1 (perfect health).

10.1.14  Please clarify whether HRQoL is assumed to be constant over time.
If not, provide details of how HRQoL changes with time.

HRQoL among patients treated by metreleptin is assumed to follow real world data
generated by the NIH follow-up study. This is accomplished by linking the utility
decrements to the reporting of symptoms and attributes and organ damage
progression in the NIH follow-up study. Because there is not direct data on HRQoL
among patients treated by standard of care, most attributes are assumed to occur as
they did at baseline in the NIH follow-up study and the evolution of organ damage
progression (and thus associated HRQoL) is modelled as a Markov process
(described in Appendix 17.6). The contribution to HRQL of those attributes that do
not change over the course of a patient's life stays the same, while it decreases for
those attributes (like organ abnormality) that tend to develop over the course of the
patient's life.

10.1.15 Have the values been amended? If so, please describe how and why
they have been altered and the methodology.

As part of the economic analysis a number of sensitivity/scenario analyses were
conducted to explore the impact of uncertainties associated with the estimated utility
decrements:

e Hyperphagia: the constant feeling of starvation associated with lipodystrophy
is the quality of life impact cited as most important in numerous patient
testimonials, reflecting its close relationship to the most basic of human
needs. This contrasts with the results from the utility study conducted in the
general public, where several other attributes were estimated as having
higher impact on quality of life. Hence, the utility decrement reported in the
utility study potentially lacks face validity when benchmarked against patient
experiences (Section 17.5). Hence, to reflect this, a scenario analysis has
been conducted in which the disutility associated with hyperphagia is
increased to a value similar to that for organ abnormality (-0.22);
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e Caregiver burden: data are currently not available to estimate the disultilities
experienced by caregivers, particularly the families of paediatric lipodystrophy
patients, who must contend with the care requirements associated with
multiple comorbidities, limitations on school participation, and the challenges
of managing a hyperphagic family member, who may resort to consuming
non-food items and whose dietary restrictions must often be imposed on the
entire household in the effort to achieve nutritional compliance in the patient.
QALY impacts on caregivers from conditions which have previously been
studied such as Duchenne muscular dystrophy are used in a scenario
analysis. (94)

Section 12.4 describes sensitivity and scenario analyses inputs and impact on the

ICER results.

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) SPCI/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.

The costs and health consequences of factors as a result of
implementing the continuation rule (for example, any additional
monitoring required).

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.

The appropriateness and robustness of the time at which response is
measured.

Whether the rule can be incorporated into routine clinical practice.
Whether the rule is likely to predict those patients for whom the
technology constitutes particular value for money.

Issues with respect to withdrawal of treatment from non-responders
and other equity considerations.

No stopping or continuation rules applied.
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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

11.1 Identification of studies
The review of the economic evidence should be systematic and transparent and a
suitable instrument for reporting such as the PRISMA statement (www.prisma-

statement.org/statement.htm).

1111 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.

The search strategy included queries into the Embase (1974-2017 March 10); Ovid
MEDLINE (1946-Present), and Ovid MEDLINE Epub Ahead of Print, In-Process &
Other Non-Indexed Citations, and Daily; and the Cochrane Library, including
Database of Abstracts of Reviews of Effect, Health Technology Assessment
Database, and NHS Economic Evaluation Database. Key words included
lipodystrophy, lawrence syndrome, Kébberling—Dunnigan syndrome, lipoatrophy,
lipohypertrophy, and health economics and outcomes research analysis terms.

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.

Selection criteria included a human lipodystrophy population regardless of
intervention; outcomes/study types related to cost effectiveness, cost utility, model
structure, or budget impact; journal articles (2006 to January 2017), reports,
summaries, and conference abstracts (January 2013 to January 2017). Studies were
not filtered based on language. Exclusion criteria included burden of illness, HRQoL,
utility-specific, cost and resource use, systematic literature, and clinical outcomes
only analyses. Letters, mass media, and editorials were excluded.
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Table D31:

Selection criteria used for health economic studies

Inclusion Criteria

Population

. Patients with congenital or generalised lipodystrophy
. Patients with familial or partial lipodystrophy

. HIV-associated lipodystrophy in which costs/HRQL were
presented specific to lipodystrophy

. Patients with rare lipodystrophy syndromes (e.g. Donohue
syndrome, mandibuloacral dysplasia (type A and type B) and
Wiedemann Rautenstrauch syndrome)

. Lipodystrophy secondary to drug administration (insulin
growth hormone, steroids, antibiotics and vaccinations)

e Lipodystrophy secondary to systemic diseases such as
uncontrolled diabetes mellitus, thyrotoxicosis, anorexia
nervosa, malnutrition, malignancy and chronic infections

. Patients with lipoatrophy or lipohypertrophy if considered a
subset of lipodystrophy

Interventions

e  Studies were not filtered by intervention

Outcomes e |CER (including cost per QALY, cost per life year, cost per
progression free year and cost per clinical outcome), model
structure, cost per benefit or budget impact of a population

Study types . Economic evaluations including:

o  Cost-consequence
Cost-minimisation
Cost-effectiveness
Cost-utility
Cost-benefit
Cost-of-illness
Budget impact

O O O O O O

Publication types

. Journal articles, reports and summaries
e  Papers published from 2006 (inclusive) to January 2017

e  Conference abstracts published within the last four years
(January 2013-January 2017, inclusive)

Other

e  Studies were not filtered based on language

Exclusion criteria

Population

. Healthy volunteers

e  Animal studies

. Patients with HIV in which lipodystrophy was a side effect of
treatment and costs/HRQL were not presented specific to
lipodystrophy

. Patients with lipoatrophy or lipohypertrophy specifically with
no mention of lipodystrophy

Interventions

e  Studies were not filtered by intervention

Study design

Burden of illness studies

HRQL studies

Utility-specific studies

Cost and resource use analyses
Systematic literature reviews

Clinical only studies (these were cross checked with studies identified in
the clinical SLR)

Publication types

Letters, newsletters, bulletins and fact sheets
Editorials or commentaries

Papers published before 2006

Conference abstracts published before 2013
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11.1.3 Report the numbers of published studies included and excluded at
each stage in an appropriate format.

A total of 2,109 publications were identified from the electronic searches.

After removal of duplicates, 1,005 publications remained. After title and abstract
screening, 1,083 publications were excluded as these were not of relevance to the
research question. These papers were excluded for reasons such as study type
(n=397), outcome (n=215), date (n=206), duplicates (n=103), publication type (n=94)
and population (n=68).

A total of 21 articles were assessed in full for further evaluation. Of these, 18 were
excluded based on population (n=7), study type (n=5), date (n=5) and outcome
(n=1). This left three papers for data extraction; two papers considering HIV-
associated lipoatrophy and one paper considering HIV-associated lipodystrophy and
lipoatrophy.

Manual searches of key international HTA websites and disease specific conference
websites identified no additional papers. The Preferred Reporting Iltems for
Systematic Reviews and Meta-Analyses (PRISMA) diagram depicting the flow of the
economic review is presented in Figure D23.
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Figure D23: PRISMA diagram to show the identification of economic evaluations
associated with lipodystrophy

Papers identified from electronic searches (n=2,109)
EMBASE = 1,331

MEDLINE = 767
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¥
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Excluded (n=1,083)
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Date =206
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Study type =397
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Records for primary screening (n=1,104)

Date =5
Outcome = 1
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Study type =5

Records for full-text screening (n=21)
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[ Papers found from manual searches (n=0)

¥

Papers included for data extraction (n=3)
HIV-associated lipoatrophy (n=2)
HIV-associated lipodystrophy and lipoatrophy (n=1)

Key: EED, Economic Evaluation Database; HIV, Human Immunodeficiency Virus; HTA, Health Technology
Assessment; n, number; NHS, National Health Service; PRISMA, preferred reporting items for systematic reviews
and meta-analyses.

11.2 Description of identified studies

11.21 Provide a brief review of each study, stating the methods, results
and relevance to the scope. A suggested format is provided in Table
D32.

A total of 3 studies were retrieved by the systematic literature review, none of which
were relevant to economic evaluation of metreleptin. One study took place in
Canada, and the other 2 took place in the United States. All 3 studies focused on
patients with HIV and lipoatrophy or lipodystrophy, which are subpopulations of the
indicated population for metreleptin. The studies met most of the criteria for a well-
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reported, high-quality economic evaluation, but the scope of all studies was not
relevant to the present submission owing to the population studied.
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Table D32:

Summary list of all evaluations involving costs

Study name
(year and Location)

Perspective of
the study and
time horizon

Summary of model
and comparators

Patient population
(key
characteristics,
average age)

Costs (intervention
and comparator)

Patient outcomes (clinical
outcomes, utilities, life
expectancy, time to
recurrence for intervention
and comparator)

annual savings per patient,

Results (annual cost savings,

incremental cost per QALY)

An economic evaluation
of treatments for HIV-
associated facial
lipoatrophy: A cost-utility
analysis
(Peyasantiwong et al.
2010)

Location: Ontario,

Perspective:

i) Ontario
Ministry of
Health.

ii) Societal.

Time horizon:

A decision tree
Markov model was
utilised in the cost-
utility analysis of poly-
I-lactic acid compared
with polyalkylimide gel
for the treatment of
facial lipoatrophy.

Patients with HIV
and facial
lipoatrophy.

Direct costs and
indirect costs. Costs
were valued in 2009
CAD.

Incremental gain in QALYs
associated with Poly-I-lactic
acid and Polyalkylimide gel
treatments over the patients'
lifetime were 0.246 and 0.19,
respectively.

compared with Poly-I-lactic acid

ICER for Polyalkylimide gel

(base case):

i) Payer perspective: $97,907 CAD
per QALY.

ii) Societal perspective: $129,734
CAD per QALY.

Note: Utilities gained was found to

the combined effects of
HIV-disease, cholesterol
and lipoatrophy based

on ACTG 5142 trial data

(Simpson et al. 2011)

US government/

third party payer.

Time horizon:

disease with data
from ACTG 5142
study that compared
LPV/r + two NRTIs
with EFV + two

and facial
lipoatrophy.

ART drug costs were
based on the AWP
(Red Book).

Other model costs
were valued in 2007

Canada Lifetime. have the biggest impact on the
ICER.
Economic modeling of Perspective: Markov model of HIV- | Patients with HIV Direct costs. LPV/r-based regimen vs. Base case:

EFV-based regimen:

1.41 QALMs (undiscounted)
gained over a lifetime.

ICER for LPV/r-based regimen
compared with EFV-based regimen:
$88,829 USD per QALY.

Note: Scenario analyses
demonstrated that changes to the

versus darunavir plus
ritonavir for HIV
infection: a cost-
effectiveness analysis
for the United States

(Simpson et al. 2013)

Location: United States

US third-party
payer.

Time horizon:
Lifetime.

of LPV/r + TRV
compared with DRV +
RTV + TRV using
discrete event
simulation, simulating
40,000 patients over a
lifetime horizon.

and lipoatrophy or
lipodystrophy.

Mean age: 38.4
years (SD: 9.5).

Drug prices were
based on the WAC.

Other costs were
obtained from claims
databases specific to
the US, valued in
2011 USD.

Lifetime. NRTIs. . e
USD. lipoatrophy rates and utility
Location: United States decrement associated with
lipoatrophy had the biggest impact
on the ICER.
Lopinavir/ritonavir Perspective: Economic evaluation Patients with HIV Direct costs. LPV/r + TRV vs. DRV + RTV Base case:

+ TRV
Life expectancy: 27.6 vs. 27.4
years.

Life-years lost because of
HIV/AIDS: 14.4 vs. 14.7
years.

Ml rate: 9 vs. 12%.

with DRV + RTV + TRV:

ICER for LPV/r + TRV compared

$534,399 USD per QALY.
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Abbreviations: ACTG, AIDS Clinical Trials Group; ART, anti-retroviral therapy; AWP, average wholesale price; CAD, Canadian dollar; DRV, darunavir; EFV, efavirenz; HIV, human
immunodeficiency virus; ICER; incremental cost-effectiveness ratio; LPV/r, lopinavir/ritonavir; MI, myocardial infarction; NRTI, nucleoside reverse transcriptase inhibitor; QALY, quality-adjusted
life year; QALM, quality-adjusted life month; RTV, ritonavir; SD, standard deviation; TRV, tenofovir and emtricitabine; US, United States; USD, United States dollar; WAC, wholesale acquisition
cost.
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11.2.2

Provide a complete quality assessment for each health economic

study identified. A suggested format is shown in Table D33.

Table D33:

Quality assessment of health economic studies

Lopinavir/Ritonavir Versus Darunavir Plus Ritonavir for HIV Infection: A Cost-Effectiveness Analysis for the United

States

Study design Discrete event simulation

Study question Response Comments

(yes/no/not
clear/N/A)

1. Was the research question Yes What are the clinical outcomes and long-term economic

stated? consequences of initiating treatment of ART-naive individuals
with HIV on LPV/r over DRV + RTV?

2. Was the economic Yes Drug costs are the main driver of the long-term costs of care

importance of the research for patients with HIV.

question stated? An economic evaluation like this would inform decision
makers about the downstream economic consequences of
managing patients with HIV and policy decisions concerning
coverage.
Savings at the patient level could enable programmes with
fixed budgets to serve more HIV-infected patients.

3. Was/were the viewpoint(s) Yes US third-party payer perspective.

of the analysis clearly stated

and justified?

4. Was a rationale reported for | Yes The model is limited to patients for whom clinicians believe

the choice of the alternative that LPV/r or DRV + RTV are good options as a first-line

interventions compared? regimen.
Hence, in this economic evaluation, treatment-naive
individuals in ARTEMIS trial were modelled over a lifetime,
and outcomes with first-line DRV + RTV were compared with
those with LPV/r, both in combination with TRV.

5. Were the alternatives being Yes DRV + RTV- and LPV/r-based regimens were compared in

compared clearly described? this economic evaluation and were described in ARTEMIS
trial. In this trial, there were minor differences between these
two regimens on viral suppression rate.

6. Was the form of economic Yes Cost-effectiveness analysis using a DES.

evaluation stated?

7. Was the choice of form of Yes The economic evaluation aimed to predict outcomes beyond

economic evaluation justified in the trial (ARTEMIS), using DES. Individual patient

relation to the questions characteristics were modelled explicitly, and these were used

addressed? to predict treatment effectiveness, treatment sequencing,
clinical progression and resource utilization.

8. Was/were the source(s) of Yes Efficacy data were obtained from the ARTEMIS trial and

effectiveness estimates used where unavailable from other ART-naive studies.

stated? The main efficacy outcomes were based on virological
suppression and viral rebound rates. Adverse events were
included based on CD4+ T-cell count.

9. Were details of the design Yes The ARTEMIS trial compared first-line ART with LPV/r to

and results of the effectiveness DRV + RTV for HIV-1-infected subjects.

study given (if based on a In this study, proportions of patient with a viral load of < 50

single study)? copies/mL were 79 % for DRV + RTV and 71 % for LPV/r at
96 weeks, the HDL/TC was slightly in favour of the LPV/r
arm, and the CD4+ T-cell increases were nearly identical.

10. Were details of the N/A

methods of synthesis or meta-

analysis of estimates given (if

based on an overview of a

number of effectiveness

studies)?

11. Were the primary outcome Yes QALYs gained and lifetime incremental costs for LPV/r

measure(s) for the economic
evaluation clearly stated?

regimen compared with DRV + RTV regimen.
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12. Were the methods used to N/A Utility decrements were applied for clinical events and side

value health states and other effects based on data in the literature. Lifetime decrements

benefits stated? were assumed for all chronic events.

13. Were the details of the Yes Patients with HIV and lipoatrophy or lipodystrophy.

subjects from whom valuations

were obtained given?

14. Were productivity changes N/A Given US third-party payer perspective, only direct costs

(if included) reported were considered.

separately?

15. Was the relevance of N/A Given US third-party payer perspective, only direct costs

productivity changes to the were considered.

study question discussed?

16. Were quantities of No Only unit costs were reported.

resources reported separately

from their unit cost?

17. Were the methods for the Yes Drug prices were based on the WAC.

estimation of quantities and Other costs were obtained from claims databases specific to

unit costs described? the US.

18. Were currency and price Yes Currency: 2011 USD.

data recorded?

19. Were details of price Yes The resource use and costs were inflated to 2011 USD using

adjustments for inflation or the medical care portion of the consumer price index.

currency conversion given?

20. Were details of any model Yes A DES was developed to simulate 40,000 patients over a

used given? lifetime horizon to predict the clinical progression of
treatment-naive patients with HIV-1 infection from initiation of
ART and to evaluate costs and consequences over a lifetime.
The model starts by creating a population of patients with
defined characteristics. Each individual is copied to provide
identical populations for comparisons. These individuals are
exposed to the relevant risks and experience the specific
events during the simulation. These events/times, as well as
patient characteristics, are updated instantaneously
throughout the simulation, depending on the patient’s course.

21. Was there a justification for | Yes A DES was chosen because this technique is best able to

the choice of model used and address the complex clinical and economic aspects relating

the key parameters on which it to the progression of HIV infection and ART. A DES allows

was based? the time component to be handled properly and the
individuals’ characteristics and disease and treatment history
to play out in the risk predictions.

22. Was the time horizon of Yes Lifetime horizon.

cost and benefits stated?

23. Was the discount rate Yes Costs and benefits were discounted at 3% per year.

stated?

24. Was the choice of rate Yes Standard in health economic evaluations, discounting 3-5%

justified? annually.

25. Was an explanation given if | N/A

cost or benefits were not

discounted?

26. Were the details of Yes Model factors subject to parameter uncertainty were varied

statistical test(s) and within their confidence intervals.

confidence intervals given for

stochastic data?

27. Was the approach to Yes The uncertainty around the base model prediction was

sensitivity analysis described? examined in a PSA.
The effects of parameter and model structural assumptions
on the estimates were examined by univariate and structural
sensitivity analysis.

28. Was the choice of variables | Yes Several factors were tested in sensitivity analyses which

for sensitivity analysis justified?

include time-dependent estimates of CD4+ T-cell count
patterns, correlation between viral load and CD4+ T-cell
counts, the impact of patient characteristics on viral
suppression, and their impact on model outcomes was
accounted for by examining their effects together in the PSA.
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29. Were the ranges over Yes In sensitivity analyses, net monetary benefit ranged from

which the parameters were $12,808 USD to $31,357 USD, favouring LPV/r (base case

varied stated? $27,762 USD).

30. Were relevant alternatives Yes The incremental analysis compared LPV/r + TRV and DRV +

compared? (That is, were RTV + TRV because these are good options in the first-line

appropriate comparisons made treatment of patients with HIV.

when conducting the

incremental analysis?)

31. Was an incremental Yes Base case results found that the ICER for LPV/r + TRV

analysis reported? compared with DRV + RTV + TRV was $534,399 USD per
QALY (net monetary benefit of $27,762 USD).

32. Were major outcomes Yes The outcomes were presented as base case and as well as

presented in a disaggregated based on subgroups.

as well as aggregated form?

33. Was the answer to the Yes The results of this economic evaluation indicate that although

study question given? similar health effects are expected for both the regimens, the
initial use of LPV/r will result in lower costs. Furthermore, the
use of LPV/r resulted in lower Ml rates.

34. Did conclusions follow from | Yes The choice of first-line ART in HIV has considerable

the data reported? downstream economic impact. The use of an LPV/r-based
regimen for ART-naive patients for whom clinicians believe
that LPV/r or DRV + RTV are good options is predicted to
result in cost savings that increase over time and similar
health outcomes.

35. Were conclusions Yes Several limitations:

accompanied by the First, the assumption that the relationship between HIV RNA

appropriate caveats? suppression and CD4+ T-cell count increases is used to
predict clinical and survival effects.
Second, existing algorithms that estimate the likelihood of
various resistance mutations were not used because they are
not publically available. Instead, rates of resistance mutations
by drug class from clinical trials were used.
Third, the choice of a salvage regimen in practice will depend
on each individual patient’s genotype profile. The study
assumed a limited set of regimens after initial drug failure.
Fourth, perhaps due to differences in definitions, estimates of
side effects and treatment discontinuation rates are not
consistent across trial reports.
Fifth, the appropriateness of the Framingham risk model in
HIV remains unclear.

36. Were generalisability Yes The study clearly defined the decision-making audience for

issues addressed?

the model (US third-party payer).

The cost inputs were based on the databases specific to the
us.

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical Journal 313 (7052): 275—
83. Cited in Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for undertaking
reviews in health care. York: Centre for Reviews and Dissemination.

Abbreviations: ART, antiretroviral therapy; DES, discrete event simulation; DRV, darunavir; HDL, high-density
lipoprotein; HIV, human immunodeficiency virus; ICER, incremental cost-effectiveness ratio; LPV/r,
lopinavir/ritonavir; PSA, probabilistic sensitivity analysis; QALY quality-adjusted life year; RTV, ritonavir; TC, total
cholesterol; TRV; tenofovir and emtricitabine; US, United States; USD, United States dollar; WAC, wholesale

acquisition cost.

Economic modeling of the combined effects of HIV-disease, cholesterol and lipoatrophy based on ACTG 5142

trial data.
Study design Markov model
Study question Response Comments
(yes/no/not
clear/N/A)
1. Was the research question Yes What are the long-term costs and consequences of initiating
stated? an ARV regimen including LPV/r or EFV?
2. Was the economic Yes The model provides information on the importance of judging

importance of the research
question stated?

clinical trial (ACTG 5142) results for ARV regimens on more
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than simply the viral load suppression at 48 weeks under ITT
analytical assumptions.

3. Was/were the viewpoint(s) Yes Government/third-party payer perspective.

of the analysis clearly stated

and justified?

4. Was a rationale reported for | Yes LPV/r-containing regimen was compared with EFV-based

the choice of the alternative regimen because of their differential effects on virologic and

interventions compared? immunologic outcomes, and lipoatrophy.

5. Were the alternatives being Yes LPV/r-based regimen and EFV-based regimens were

compared clearly described? described in terms of virologic failure, resistance, CD4+ T-cell
recovery, and effects on lipoatrophy.

6. Was the form of economic Yes Cost-effectiveness analysis using Markov model.

evaluation stated?

7. Was the choice of form of Yes The economic evaluation aimed to predict outcomes beyond

economic evaluation justified in the trial (ACTG 5142), using Markov model. A decision-

relation to the questions analysis modelling approach was utilized with the model

addressed? inputs derived from patient-level clinical trial data to compare
the expected long-term economic and HRQL consequences
of initiating ART therapy with an NNRTI-based vs. a Pl-based
regimen for treatment- naive patients.

8. Was/were the source(s) of Yes Utility weights were obtained using the ACTG 5142 study

effectiveness estimates used data. The main efficacy measures were based on the

stated? observed CD4+ T-cell counts and the viral load values from
the study.
Drug prices (AWP) were obtained from the Red Book 2007.
Cost data were obtained from the US Medicaid payment and
hospital all-payer discharge data.

9. Were details of the design Yes The ACTG 5142 study was a large, randomized, phase IlI

and results of the effectiveness trial that was designed to compare the efficacy of 2

study given (if based on a recommended first-line regimens— an NNRTI-based regimen

single study)? consisting of EFV plus 2 NRTIs and a Pl-based regimen
consisting of LPV/r plus 2 NRTIs.

10. Were details of the N/A

methods of synthesis or meta-

analysis of estimates given (if

based on an overview of a

number of effectiveness

studies)?

11. Were the primary outcome | Yes QALYs gained and lifetime incremental costs for LPV/r -

measure(s) for the economic based regimen compared with EFV-based regimen.

evaluation clearly stated?

12. Were the methods used to CD4+ T-cell counts and the HIV-1 RNA (viral load) values

value health states and other from the ACTG 5142 study were used to assign a specific

benefits stated? health state to each patient for each quarter year.

13. Were the details of the Yes Model inputs were derived from patient-level clinical trial data

subjects from whom valuations (ACTG 5142 study).

were obtained given?

14. Were productivity changes N/A Direct costs only — Payer perspective.

(if included) reported

separately?

15. Was the relevance of N/A Direct costs only — Payer perspective.

productivity changes to the

study question discussed?

16. Were quantities of No Unit costs were reported:

resources reported separately

from their unit cost?

17. Were the methods for the Drug prices based on the AWP were obtained from the Red

estimation of quantities and Book 2007.

unit costs described?

18. Were currency and price Yes 2007 USD

data recorded?

19. Were details of price N/A

adjustments for inflation or
currency conversion given?
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20. Were details of any model Yes A Markov model of HIV-disease was populated with patient-

used given? level clinical data (on viral load, CD4+ T-cell count, treatment-
emergent resistance, treatment-emergent lipoatrophy and
HRQL from the ACTG 5142 study).

21. Was there a justification for | Yes The base model structure used in this study was used

the choice of model used and previously to estimate economic outcomes for LPV/r

the key parameters on which it atazanavir, and tipranavir. The model was based on the viral

was based? load values and CD4+ T-cell counts from the ACTG 5142
study to define health states.

22. Was the time horizon of Yes Lifetime.

cost and benefits stated?

23. Was the discount rate Yes Costs and outcomes were discounted by 3% annually.

stated?

24. Was the choice of rate Yes Standard in health economic evaluations, discounting 3-5%

justified? annually.

25. Was an explanation given if [ N/A

cost or benefits were not

discounted?

26. Were the details of No The model results were not dependent on statistical tests of

statistical test(s) and significance.

confidence intervals given for

stochastic data?

27. Was the approach to Yes Different assumptions and utility weights were modelled in the

sensitivity analysis described? sensitivity analysis.

28. Was the choice of variables | Yes When the model assumed a 50% reduction in the HRQL

for sensitivity analysis justified? weight associated with lipoatrophy, the ICER increased
substantially. Thus, the effect of lipoatrophy on patients'
quality of life is a more important variable than the cost of
treating lipoatrophy, where the ICER only increased
minimally.

29. Were the ranges over Yes In the sensitivity analysis, change in lipoatrophy QALY to

which the parameters were "+50% and -50%" (from -0.52 in base model to -0.26 or -0.78)

varied stated? resulted in varying the ICER estimates for LPV/r regimen
between $68,535 and $175,538.

30. Were relevant alternatives Yes DHHS and other guidelines recommend the treatment of

compared? (That is, were treatment-naive HIV patients with 2 NRTIs and either a PI

appropriate comparisons made inhibitor, an INSTI, or a NNRTI. Hence, the model used the

when conducting the data from the 2 NRTI-containing arms with LPV or EFV from

incremental analysis?) the ACTG 5142 study for this analysis.

31. Was an incremental Yes ICER for LPV/r-based regimen over EFV-based regimen was

analysis reported? $88,829/QALY (base estimate).

32. Were major outcomes Yes The model also considered the lipoatrophy sub-population.

presented in a disaggregated The effects of lipoatrophy on HRQL were tested in the sub-

as well as aggregated form? model. When the model assumed a 50% reduction in HRQL
weight associated with lipoatrophy the ICER increased from
$88,829/QALY in the base model, to $175,538/QALY.

33. Was the answer to the Yes The costs, HRQL, adverse events, and the effect of

study question given? resistance on sequential therapy interact and may affect long-
term costs and consequences.

34. Did conclusions follow from | Yes The study demonstrated that the cost-effectiveness of ARV

the data reported? regimens may be strongly affected by enduring AEs, such as
lipoatrophy. It is important to consider specific AEs from all
drugs in a regimen when ARVs are compared.

35. Were conclusions Yes The model is limited in that CNS and gastrointestinal side

accompanied by the effects (which can sometimes be chronic) are not included in

appropriate caveats? the model. RCT results are the gold standard for defining
efficacy and safety of therapy, but are limited to the relatively
short duration of the study in comparison with life-long
treatment currently needed for HIV- infection.

36. Were generalisability Yes

issues addressed?

The study clearly defined the decision-making audience for
the model (government/third-party payer in the US).

The cost inputs were based on the databases specific to the
us.
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Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical Journal 313 (7052): 275—
83. Cited in Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for undertaking
reviews in health care. York: Centre for Reviews and Dissemination.

Abbreviations: ACTG 5142, The AIDS Clinical Trials Group 5142 study; AE, adverse event; AIDS, acquired
immunodeficiency syndrome; ARV, antiretroviral; AWP, average wholesale price; CNS, central nervous system;
DHHS, Department of Health and Human Services; EFV, efavirenz; ENF, enfuvirtide; ETV, etravirine; HIV, human
immunodeficiency virus; HRQL, health-related quality of life; ICER, incremental cost-effectiveness ratio; INSTI,
integrase strand transfer inhibitor; ITT, intent-to-treat; LPV/r, lopinavir/ritonavir; MI, myocardial infarction; NNRTI,
non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease
inhibitor; QALY, quality-adjusted life year; RCT, randomised controlled trial; US, United States; USD, United
States dollar; VAS, visual analog scale.
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12 Economic analysis

Section 12 requires the sponsor to provide information on the de novo cost-

effectiveness analysis.

The de novo cost-effectiveness analysis developed should be relevant to the

scope.

All costs resulting from or associated with the use of the technology should be

estimated using processes relevant to the NHS and personal social services.

12.1 Description of the de novo cost-effectiveness analysis

Patients

1211 What patient group(s) is (are) included in the cost-effectiveness
analysis?

The model was developed with the data available from the NIH Follow-Up study,
which includes patients with either GL or PL and a mix of paediatric and adult
patients.

Some patients included in this study did not meet all characteristics of the expected
licensed indication (e.g., some were younger) and thus the primary analysis is
restricted to the anticipated licensed population. These patient groups include:

e patients with congenital or acquired GL, in adults and children 6 years of age
and above

e patients with familial or acquired PL, characterised by leptin level < 12 ng/ml
with triglycerides > 500 mmol/l and/or HbA1c > 8 %, in adults and children 12
years of age and above uncontrolled on standard therapy.

A sensitivity including all 112 patients in the NIH follow-up study is also included.

Technology and comparator

12.1.2 Provide a justification if the comparator used in the cost-
effectiveness analysis is different from the scope.

Intervention: Metreleptin, a recombinant analogue of the human hormone leptin,
administered through subcutaneous injection

Comparator: Standard clinical management without metreleptin (including lifestyle
modifications such as diet and exercise, use of lipid lowering drugs; and medications
for diabetes)
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Model structure

12.1.3 Provide a diagram of the model structure you have chosen.

The cost-effectiveness model utilises an individual patient level modelling approach,
as shown in Figure D24. All patients treated in the NIH study who meet the expected
EMA labelled indication for metreleptin are included in the model (80 of 112).

The model evaluates health states of individual patients defined through a set of 13
total attributes, which serve as indicators of impairment. These attributes determine a
patient’s QALY value in each period. Patients are modelled for a maximum of 60
periods (years) from the start of treatment and alternative model time horizons are
considered in sensitivity analysis. Individual patient health states can vary across
periods when additional attributes are impaired, or when impaired attributes resolve
due to treatment.

Two identical cohorts of patients ("treatment" and "standard of care") with the same
baseline attributes are populated in the model at period 0 (see Table 76 for a
summary of these characteristics). These attributes are obtained from the baseline
health states of all patients in the NIH Follow-Up study, an ongoing observational
study of 112 treated with metreleptin (see section 4.1 for a summary of the NIH
Follow-Up study). Beginning in period 1, real-world data from the NIH Follow-Up
study is used to populate patient-level attributes (such as the presence/absence of
lipodystrophy-related complications and HbA1C/triglyceride levels) in the metreleptin
treatment arm until the end of data availability for each patient. Once real-world data
is no longer available for a given patient, organ abnormality progression is simulated
in each subsequent period according to a specified progression rule that is explained
below. The patient’s other attributes are assumed to remain fixed until the end of the
model time horizon.

A subset of four attributes play a crucial role in how mortality is simulated — these are
abnormalities in a patient’s heart, liver, kidney and pancreas. The model assumes
that only impairment to these organs affects a patient’s survival probability. Mortality
is higher (lower) for patients with more (fewer) organs with abnormalities shown by
Cox proportional hazards modelling, a regression model used for investigating
association between the survival time of patients and one or more predictor
variables. For instance, a patient with a heart abnormality would face a lower survival
probability between the same two periods as another patient with no abnormalities.
(See 17.6.2.3 for additional details) The effect of metreleptin on mortality The rate of
organ abnormality progression is higher in standard of care patients than in treated
patients for each possible transition (e.g., 2 organs with abnormalities to 3 organs
with abnormalities), although the magnitude of the difference is more pronounced for
some transitions than others. Survival probabilities in each period are determined by
the number of organs with abnormalities that a patient has. In the model patients can
have 0, 1, 2, 3, or 4 organs with abnormalities.

Once the observed patient data ends, the number of organs with abnormalities for
metreleptin treated patients are extrapolated, following a Markov process, which in
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turn affects predicted mortality for each patient. Based on the number of impaired
organs, expected utility and medical costs are assigned using an average across
types of organ abnormalities weighted by the frequency of abnormalities associated
with each organ during period when real-world data are available. While other patient
or disease characteristics may influence how treatment affects mortality, the
modelling approach is conservative in that potential mortality benefits are mediated
only by changes in organ impairment alone, and no other excess mortality risk is
assumed for patients receiving only standard of care.

For patients in the standard of care arm, organ abnormality progression is also
estimated according to a Markov process, beginning in period 1 with different
progression probabilities that are derived from the GL/PL natural history study. For all
other attributes, these patients maintain their baseline levels of impairment
throughout the model time horizon - period 0 through period 60. That is, standard of
care patients are assumed to start with the same health states as the metreleptin
treated patients in the NIH follow-up study, but diverge as their attributes, other than
organ abnormality remain fixed at the study baseline values. The objective of this
exercise is to generate a credible counter-factual trajectory for standard of care
patients to capture what would have occurred to metreleptin treated patients had they
never subsequently received treatment. Comparing the outcomes of patients in this
counter-factual trajectory to the observed path of treated patients yields metreleptin’s
treatment effect.

There are two drivers of QALY gain in the model. The improved survival and
consequent life years gained are associated with slower organ abnormality
progression, improvements in quality of life contribute to QALY gains through
reduced impact of organ abnormalities and other symptoms and attributes of
lipodystrophy such as hyperphagia, impaired participation in school and work,
depression, and pain. The true utility decrement associated with hyperphagia is likely
understated as the DCE cannot fully encompass the patient experience of such a
unique aspect of the disease [described further in Appendix 17.5].

Patients' expected utility and the medical costs associated with the range of other
attributes are captured by multiplying a patient's survival probability by their utility
over the time horizon. Survival probabilities, QALY's, medical costs, and treatment
costs are simulated for standard of care patients from period 1 through period 60
(end of modelling time horizon), and from the end of observed patient data from the
NIH Follow-Up study through period 60 for treated patients.
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Figure D24: Individual patient model structure
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An example patient treated with metreleptin can also be represented visually in
comparison to their counterpart in the standard of care treatment arm (both patients
are identical at baseline), shown in Figure D25.

Figure D25: Individual sampling model structure (patient example)
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12.1.4 Justify the chosen structure in line with the clinical pathway of care.
Clinical pathway of care

Lipodystrophy is a progressive, uncontrolled metabolic disease. It can cause a
number of outcomes throughout a patient's lifetime. The impact of lipodystrophy can
include premature mortality driven by the development and subsequent worsening of
organ abnormalities. Additionally, lipodystrophy impacts patient's quality of life via
female reproductive dysfunction, metabolic abnormalities, hyperphagia, pain, and
depression. These conditions have the potential for interaction with a cumulative
effect on patient quality of life, and they present at an early age, in GL particularly.
Median age of first reported symptoms in a recent study of patients treated at the US
NIH was about 8 years for GL and 17 years for PL.(9) The probability of experiencing
each of these outcomes will depend on baseline characteristics, previous events, and
response to therapy. Median age of first reported symptoms in a recent study of
patients treated at the US NIH was about 8 years for GL and 17 years for PL.(9) The
probability of experiencing each of these outcomes will depend on baseline

Page 157 of 281



characteristics, previous events, and response to therapy. Median age of first
reported symptoms in a recent study of patients treated at the US NIH was about 8
years for GL and 17 years for PL.(9) The probability of experiencing each of these
outcomes will depend on baseline characteristics, previous events, and response to
therapy. Median age of first reported symptoms in a recent study of patients treated
at the US NIH was about 8 years for GL and 17 years for PL.(9) The probability of
experiencing each of these outcomes will depend on baseline characteristics,
previous events, and response to therapy. Median age of first reported symptoms in
a recent study of patients treated at the US NIH was about 8 years for GL and 17
years for PL.(9) The probability of experiencing each of these outcomes will depend
on baseline characteristics, previous events, and response to therapy.

The model structure adopted uses the actual individual patient data on
characteristics and outcomes for the metreleptin treated patients and uses modelling
methods to perform a comparison with SoC patients, and to extrapolate outcomes
beyond the observed data. A Markov modelling structure was considered but the
systematic literature review of economic studies reported in section 11 has shown
that relevant health states and transition probabilities have not previously been
characterised for lipodystrophy patients, in part because disease manifestation and
progression is complex and implicates multiple systems. Simplifying this relatively
high dimension problem into a Markov-based cohort model would provide insufficient
transparency into disease status and progression, requiring aggregation of many
attributes into a set of model health states that have not themselves been previously
defined or studied and showing substantial homogeneity among patients. Such an
approach also fails to make full use of the rich individual data on lipodystrophy
patients extending as long as 15 years following initiation of treatment.

Therefore, based on a feasibility assessment of the most appropriate modelling
approach for this economic analysis, an individual patient modelling approach was
selected, similar to the individual sampling modelling (ISM) approach specified in the
taxonomy of model structures of Brennan et al. 2016 (Table D34 and Table D35).
Adopting a model structure based on individual patient data allows full utilisation of
existing clinical and observational study data to account for each of the pertinent
covariates and directly reflects the baseline characteristics of individual patients. (95)
Adopting a model structure based on individual patient data allows full utilisation of
existing clinical and observational study data to account for each of the pertinent
covariates and directly reflects the baseline characteristics of individual patients. As
is common with ultra-orphan conditions there is limited clinical data available for
metreleptin, so the modelling approach ensures optimal use of the individual patient
data that is available for estimating and extrapolating HRQoL and mortality outcomes
for metreleptin relative to standard of care. Currently, the model uses individual
patient data from the NIH follow-up study to estimate treatment effect, although
further real world data of direct relevance to UK clinical practice is expected to
become available in due course from the UK Early Access Programme at CUH, an
ongoing observational study of 30 patients treated with metreleptin, 12 GL and 18 PL
in the UK. When available, this can also be used in the economic model. Where
individual patient data are not accessible (e.g., for model periods extending beyond
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the observational data window for individual patients), a Markov-like approach is
used [see description in 12.1.3 and additional details in Appendix 17.6].

The current model calculates QALY gains from treatment by following the trajectory
of patients over time in a treatment and standard of care (SOC) arm of the model.
The data sources used to populate the model include: two retrospective chart review
studies (henceforth referred to as the NIH Follow-Up study and the GL/PL natural
history study). The NIH Follow-Up study follows a cohort of patients treated with
metreleptin at NIH including those enrolled in the pivotal trial. The GL/PL natural
history study in an ongoing observational chart review study which collected data
from over 175 lipodystrophy patients from US, Turkey and Brazil who were not
treated with metreleptin (summarised in Section 4.1)

Patients in the model experience impairment with a defined probability to 13
attributes related to lipodystrophy. Each attribute level is associated with a utility
decrement generated in a separate discrete choice experiment study (see section
10.1.9). Baseline attribute levels for patients in both treatment and SOC arms are
based on NIH data measured at the time of enrolment. The evolution of impairment
to the attributes of patients in the treatment arm uses the observed data in the NIH
study for the duration of the observation period. At the end of the observation period,
impairment is simulated according to a specified rule (see Section 12.2.2). Attributes
of patients in the SOC arm either remain constant or evolve according to specified
rules that plausibly reflect what would have occurred to treated patients had they
never received the drug.

Table D34 provides details about the selection process and the justification,
according to the check list provided by Brennan et al.

Table D34: Taxonomy of Model Structures
A B C D
Cohort/Aggregate Level/Counts Individual Level
Expected value, Markovian, Discrete Markovian, Discrete | Non-Markovian,
Continuous state, State, Stochastic State, Individuals Discrete-State,
Deterministic Individuals
1 Decision Tree Simulated Decision Individual Sampling Model (ISM):
] Rollback Tree (SDT) Simulated Patient-Level Decision Tree
3| £ (SPLDT)
HES
<
2 s Markov Model Simulated Markov Individual Sampling Model (ISM):
3 (Evaluated Model (SMM) Simulated Patient-Level Markov Model
g Deterministically) (SPLMM)
| % (variations as in quadrant below for
§ E patient level models with interaction)
£
3 S| F System Dynamics Discrete Time Discrete-Time Discrete Individual
5| 8 (Finite Difference Markov Chain Model | Individual Event Simulation
® g Equations, FDE) (DTMC) History Model (DT, DES)
el 2 (DT, IEH)
=1 0O
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4 8 System Dynamics Continuous Time Continuous Time Discrete Event
S (Ordinary Markov Chain Model | Individual Event Simulation (CT, DES)
£ Differential (CTMC) History Model
g .q§> Equations, ODE) (CT, IEH)
O =
Adapted from: Brennan A, Chick S, Davies R. A Taxonomy of Model Structures for Economic Evaluation of Health

Technologies.

Health Econ. 2012; 15: 1295-1310 (95)

Table D35: Choice of Model Structure
Issue Answer for GL/PL- Example Choice of model
MET model

11 Does the decision No effect of Effects of Need for stochastic output
maker require intervention large and | intervention are (columns B to D)
knowledge of variability | main variability due to | small and variable
to inform the decision? | patient heterogeneity over time

(i.e., non-stochastic)

12 Is the decision maker Possibly (individual- Decision maker Individual level models are
uncertain about which level leads to more may want to sub- more flexible to further
sub-groups are options) divide the risk covariates or changed
relevant and likely to groups or test new assumptions
change his/her mind? interventions (columns C and D)

13 Is Probabilistic No? Decision maker Deterministic model may be
Sensitivity Analysis uses cost- preferred (column A) but need
(PSA) required? effectiveness for PSA should not drive

acceptability curves | model structure decisions
or expected value
of information

14 Do individual risk Yes Effects of age, Need to subdivide states in an
factors affect outcome history of disease, aggregate model. Need to
in a non-linear fashion? co-morbidity consider individual level

modelling if the number is
large.
(columns C and D)

15 Do covariates have Yes Co-morbidities in Individual level modelling likely
multiple effects, which diabetes affect to be necessary.
cause interaction? renal failure and (columns C and D)

retinopathy

16 Are times in states No/not clear (may Poor survival after Need to use “fixes” in
non-Markovian? depend on nature of an operation, Markovian models or use non-

health states being moving from one Markovian models
considered) age group to (columns D)
another, length of
stay in hospital

17 Is the dimensionality Yes Large number of Individual level modelling likely
too great for a cohort risk factors and /or to be necessary.
approach? subdivision of (columns C and D)

states to get over
non-Markovian
effects

18 Do states ‘recycle’? Not clear Recurrence of Decision tree approach is

same illness. probably not appropriate
E.g. heart attack, (rows 2 to 4)

stop responding to

drugs

19 Is phasing or timing of Not clear In smokers, if lung Possible to have different
events decisions cancer occurs branches in the decision tree
important? before bronchitis, but Markov model or

then patient may simulation may be necessary.
die before (rows 2 to 4)
bronchitis occurs
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110 Is there interaction No Infectious disease Models with interaction

directly between models (rows 3, 4)
patients?

111 Is there interaction due | No Models with Models with interaction
to constrained resource (rows 3, 4)
resources? constraints

112 Could many events No Disaster, outbreak Need for small time intervals
occur in one time unit? of infection, risk of or continuous time models

co-morbidities (e.g. (row 4)
diabetes)

113 Are interactions No Use in hospital Need to consider individual
occurring in small catchments area level modelling because of the
populations? rather than inaccuracies in using fractions

nationally of individuals
(columns C, D, rows 3, 4)

114 Are there delays in No Rapid treatment Need for stochastic output and
response due to with angioplasty interaction
resource constraints and stents after a (columns C, D, rows 3, 4)
which then affect cost myocardial
or health outcome infarction

115 Is there non-linearity in | No A marginal change DES useful
system performance in parameters
when inherent produces a non-
variability occurs? linear change in the

system ITU is

suddenly full and
newly arriving
patients must
transfer elsewhere

Adapted from: Brennan A, Chick S, Davies R. A Taxonomy of Model Structures for Economic Evaluation of Health
Technologies. Health Econ. 2012; 15: 1295-1310 (95)

12.1.5 Provide a list of all assumptions in the model and a justification for
each assumption.

Mortality

Assumption 1: Mortality of patients is fully determined by their type of lipodystrophy
and level of organ abnormality.

Justification: We estimate a Cox proportional hazards model of patient survival using
the number of organs impaired and the type of lipodystrophy (GL or PL) as
covariates. The model yields a statistically significant (at 1%) coefficient on number
of organs impaired, which remains significant in the presence of additional control
variables such as patient demographics and lab values (see Table 75 in Appendix
17.6 for details). We interpret this result as implying that the number of impaired
organs has a significant (negative) effect on mortality.

Assumption 2: Mortality depends on a patient’s total number of organs impaired in a
proportional manner.

Justification: This assumption is a premise of the Cox proportional hazards model.
We test it using a Schoenfeld residual test, and find that the null hypothesis of a
constant proportional relationship between the hazard rate of dying and the number
of organs impaired is not rejected (see Table 74 in Appendix 17.6).
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Assumption 3: Overall mortality of PL patients treated with metreleptin does not differ
from the general population (adjusted for age and gender); however, amongst PL
patients those with great organ abnormalities experience greater mortality (per
assumption 2).

Justification: PL patients from the GL/PL natural history study were not observed to
experience mortality in excess of the general public (conditional on age and gender).
Among PL patients in the NIH follow-up study, only one mortality was observed.

Treatment efficacy

Assumption 4: Patients retain the same level of attribute impairment (other than
organ abnormality) throughout the course of the model.

Justification: As lipodystrophy is a chronic condition, patients not treated with
metreleptin remain with the same level of impairment. It is also likely that standard of
care patients get worse on other attributes and do so faster than treated patients, but
the model does not account for this outside of organ abnormality. This is borne out by
evidence from the GL/PL natural history study.

Assumption 5: Laboratory attribute levels (Triglycerides and HbA1c levels) of
metreleptin treated patients follow the observed patient data from the NIH when
available and otherwise remain unchanged. Organ abnormalities progress as per
assumption 2. Other attributes reflect observed patient data at baseline and a
composite indicator for improvement for period 1 and subsequent periods.

Justification: We use real world data on the evolution of treated patients’ attributes,
when possible. However, precise dates regarding improvement in attributes other
than laboratory values and organ abnormalities were not consistently collected and
thus these data are only used to indicate the status of the attribute before (baseline)
and after metreleptin initiation.

Medical costs

Assumption 6: Medical treatment costs are derived for each lipodystrophy-related
organ abnormality and level of triglyceride/glucose HbA1C non-response based on
key opinion leader estimates of resource utilization and corresponding NHS
reference costs.

Justification: Medical treatment costs are not available in the existing literature,
therefore key opinion leaders from the UK were consulted to provide an estimate of
real world resource use.

Assumption 7: Medical treatment costs for each lipodystrophy-related organ
abnormality are assigned to each period of the model by multiplying a patient's
probability of having the specified type of organ abnormality with their probability of
survival and the medical cost of treating the complication (discounted to present
value).
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Justification: This approach is a standard way of calculating expected costs (or other
values of interest) whenever there is uncertainty over the outcomes that may arise,
and probabilities quantifying this uncertainty.

Assumption 8: Standard of care treatment costs are considered for both standard of
care and metreleptin treatment arms

Justification: Patients in both the standard of care and metreleptin treatment arms
were assumed to receive standard care of therapy throughout the 60-year model
time frame. The assumption that SoC does not change over this time horizon with the
introduction of metreleptin is a potentially conservative one as metreleptin may also
be expected to displace insulin use as part of SoC.

Utilities

Assumption 9: Utility decrements are derived for each attribute level based on results
from a discrete choice experiment (DCE). The decrements are used in unmodified
form even though characteristics valued by the DCE were similar but not identical to
characteristics collected in the NIH Study and used to populate the model.

Justification: The characteristics in the DCE were similar to those collected in the NIH
study and the effect of changes in decrement values was explored in model
sensitivity analysis.

Organ abnormality progression

Assumption 10: Organ abnormality progression follows a Markov process once
metreleptin patients are no longer observed in the underlying real-world data and
from baseline for patients not on metreleptin.

Justification: Please refer to the survival study in Appendix 17.6

Assumption 11: Organ abnormality progression is due to the underlying disease and
thus patients who are observed to develop new abnormalities while on metreleptin
during the NIH follow up study would have develop the new abnormalities in the
absence of metreleptin treatment as well.

Justification: Please refer to the survival study in Appendix 17.6

12.1.6 Define what the model’s health states are intended to capture.

In the modelling approach adopted (see Section 12.1.4), an individual patient's health
is characterized by different attributes related to key efficacy outcomes such as liver
abnormality, heart abnormality, kidney abnormality, pancreas abnormality,
retinopathy, neuropathy, amputation, impaired physical appearance, hyperphagia
and female reproductive dysfunction/infertility. At each point in time, the values of
these attributes collectively define each individual patient's health state.

Please refer to section 10.1.1 for a detailed description of the disease attributes.
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Table D36:

Key features of model not previously reported

Factor

Chosen values

Justification

Reference

Time horizon of model

60 years

NICE recommends a time
horizon to reflect the differences
between costs and outcomes
between alternative
technologies. In order to reflect
the life-long nature of
lipodystrophy, the base case
model time horizon is 60 years.

Section 12.1.4

Discount of 3.5% for
costs

3.5%

NICE reference case criteria

Section 12.3.1

Perspective (NHS/PSS)

UK NHS PSS perspective

NICE reference case criteria

Section 12.3.1

Cycle length

1 year

Section 12.1.4

Baseline characteristics

Populated for each
treatment arm from
baseline data for 112
patients from NIH study,
80 of whom are included
in label indication (base
case)

Ensures consistency with
observed patient data and with
expected EMA label.

Section 12.1.4

Discontinuations

2.05%

Metreleptin discontinuation
based on observed
discontinuation in patient data.
Once patient data are not
available, the default annual
discontinuation rate of 2.05% is
applied.

NHS, National Health Service; PSS, Personal Social Services

12.2

12.21

cost-effectiveness analysis.

Clinical parameters and variables

Describe how the data from the clinical evidence were used in the

The clinical evidence data used in the cost-effectiveness analysis were generated
from the observed patient data from the NIH study and the GL/PL natural history
study. The NIH data measured at the time or enrolment was used for baseline
attribute levels for patients in both treatment and SOC arms. The evolution of
impairment to the attributes of patients in the treatment arm uses the observed data
in the NIH study until the end of data availability (15 years). For patients in the
standard of care treatment arm and metreleptin patients beyond the period of data
availability, survival curves were generated from the NIH study. These survival

curves were then scaled using the Cox model's coefficient generated from the GL/PL

natural history study to estimate the effect of organ abnormality on mortality. The

GL/PL natural history study was also used to derive organ abnormality progression
probabilities. The details of how the clinical evidence is used to inform efficacy and
mortality inputs are explained below:

Efficacy inputs:
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e Treatment response with metreleptin from the NIH Follow-Up Study: all
patients in the NIH Follow-Up Study were treated with metreleptin in a
single arm clinical trial. Treatment response to metreleptin is observed for
each patient until the end of data availability; beyond which, all patient
attributes other than organ abnormality are assumed to remain constant at
each patient's last observed value.

¢ Organ abnormality progression probabilities from the GL/PL natural
history study: organ progression is modelled using probabilities estimated
from the NIH study (for treated patients) and matched patients from the
GL/PL natural history study (for standard of care patients). See the
survival appendix for details.

Mortality inputs:

e Survival information for patients treated with metreleptin from the NIH
Follow-Up Study to end of data availability.

e Time-varying Cox proportional hazards model is used to estimate the
relationship between organ abnormality and mortality. This relationship is
then applied to the NIH Follow-Up survival data to generate survival
curves for each level of organ abnormality (see the survival appendix for
more details).

¢ Mortality data from the National life tables in England released in
September 2017 from the Office for National Statistics are used for
patients with PL from the end of the NIH Follow-Up study until the end of
the model time horizon

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?

Clinical outcomes are extrapolated beyond the study follow-up period; Impairment to
attributes (other than organ abnormality) is assumed to remain at the final level
achieved at the end of the follow-up period (15 years). The number of organs with
abnormalities, on the other hand, is assumed to increase beyond that at the end of
follow-up according to the specified transition probabilities. These probabilities
characterise the likelihood of developing abnormality to an additional organ and are
derived from patient data in the GL/PL natural history study and the NIH follow-up
study.

Survival curves are also extrapolated beyond the study period. To do so, we fit
parametric curves onto the empirical survival probability data in the 15-year study
period, then use the estimated parameters to predict survival probabilities beyond the
end of follow-up. We use extrapolation approaches described in Latimer (2013) (96)
and Williams (2017).(97) We fit Exponential, Weibull, Log-Normal and Log-Logistic
curves to the empirical survival data from the trial. We ran statistical goodness-of-fit
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tests to select the curve that best approximates our data (see 17.6.2.2 for results and
estimated curves), concluding that the exponential curve fits our data best for GL
patients. In the base model, the observed survival probabilities are used for the first
16 periods (reflecting the maximum follow-up in the NIH study) and survival
probabilities from the exponential curve is used thereafter. There were few deaths
among patients with PL in the trial's small sample, that the estimated survival curve
implied a mortality rate that is lower than the general population's. As such, we use
age and gender appropriate survival from the National life tables in England to
extrapolate beyond the real-world data and include organ abnormality-specific
extrapolated curves following each parameterization for the full NIH population (GL
and PL) shifted by the hazard ratio associated with PL as sensitivities.

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?

We assume that organ abnormality (an intermediate outcome) determines a patient’s
survival probabilities. This assumption is confirmed by the results of a Cox
proportional hazards model estimated on data from the GL/PL natural history study
(see assumption 1 and 2, and justifications as well as appendix 17.6, for more
details).

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.

Hypoglycaemia was included in the cost-effectiveness analysis as an adverse event.
Only treated patients were eligible to experience hypoglycemia and during the NIH
study data period, a count of observed hyperglycemia events was assigned to each
patient. After the end of observation, an annualized count of hyperglycemia events
was assigned to remaining model periods.

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.

Please refer to section 10.1.10.

12.2.6 Summarise all the variables included in the cost-effectiveness
analysis. Provide cross-references to other parts of the submission.
A suggested format is provided in table x below.

Table D37 displays the key inputs used to populate the economic model. The table
also links to the description of the data in the appropriate sections of the submission
document.
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Table D37: Summary of variables used in the cost-effectiveness analysis
Parameters Base case input Reference
Utility

Heart Abnormality

Section 10.1.9

Liver Abnormality

Section 10.1.9

Pancreas Abnormality

Section 10.1.9

Kidney Abnormality

Section 10.1.9

Hyperphagia

Section 10.1.9

Disruption to female reproductive function

Section 10.1.9

Loss of ability to perform work / school

Section 10.1.9

Impaired Physical Appearance

Section 10.1.9

Triglycerides: Achieved Goal (<=200 mg/dL)

Section 10.1.9

Triglycerides: Partial Response (>200 mg/dL, <=500 mg/dL)

Section 10.1.9

Triglycerides: No Response (>500 mg/dL)

Section 10.1.9

HbA1C: Hypoglycemia

Section 10.1.9

HbA1C: Achieved Goal (>4.0, <=7.0)

Section 10.1.9

HbA1C: Partial Response (>7.0%, <=8.0%)

Section 10.1.9

HbA1C: No Response > 8.0%

Section 10.1.9

Annual cost of lipodystrophy-related complications

Heart Abnormality £1,094 Section 12.3.7
Liver Abnormality £528 Section 12.3.7
Pancreas Abnormality £44 Section 12.3.7
Kidney Abnormality £590 Section 12.3.7
Hyperphagia £0 Section 12.3.7
PCOS (Females Only) £0 Section 12.3.7
Unable to Perform School Work £0 Section 12.3.7
Impaired Physical Appearance £0 Section 12.3.7
Triglycerides: Achieved Goal (<=200 mg/dL) £0 Section 12.3.7
Triglycerides: Partial Response (>200 mg/dL, <=500 mg/dL) £0 Section 12.3.7
Triglycerides: No Response (>500 mg/dL) £0 Section 12.3.7
HbA1C: Achieved Goal (>4.0, <=7.0) £0 Section 12.3.7
HbA1C: Partial Response (>7.0%, <=8.0%) £0 Section 12.3.7
HbA1C: No Response > 8.0% £0 Section 12.3.7
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Annual treatment costs per patient

Metreleptin (£) £852,858.75 per Section 12.3.4
year for 10mg
dose

£434,633 per
year when all vial

sizes are

available
Standard of care (£) £3,000 Section 12.3.4
Model Specifications
Discount rate (costs) 3.5% Section 12.1.7
Discount rate (life years and QALYSs) 3.5% Section 12.1.7
Model horizon (years) 60

Per period (year) organ abnormality transition probabilities for metreleptin patients

5.4% Section 17.6 -

0 organs damaged to 1 organ damaged Survival Study

5.0% Section 17.6 -

1 organs damaged to 2 organ damaged Survival Study

8.3% Section 17.6 -

2 organs damaged to 3 organ damaged Survival Study

3.9% Section 17.6 -

3 organs damaged to 4 organ damaged Survival Study

Section 17.6 -

Per period (year) organ abnormality transition probabilities for nonmetreleptin patients Survival Study

9% Section 17.6 -

0 organs damaged to 1 organ damaged Survival Study

17% Section 17.6 -

1 organs damaged to 2 organ damaged Survival Study

12% Section 17.6 -

2 organs damaged to 3 organ damaged Survival Study

6% Section 17.6 -

3 organs damaged to 4 organ damaged Survival Study

Assignment weight of organ damage of unknown organ to particular organs (see appendix 17.6.2.1 for details)

Assignment weight: heart 45% Section 12.1.3
Assignment weight: liver 94% Section 12.1.3
Assignment weight: pancreas 39% Section 12.1.3
Assignment weight: kidney 63% Section 12.1.3
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.

In terms of specialised service delivery, NHS England have already established a
service specification (A03/S(HSS)/b) which includes the severe lipodystrophies which

Page 168 of 281



may be treated with metreleptin. The specification covers the services provided at
Cambridge University Hospitals (CUH) NHS Foundation Trust, both outpatient and,
when indicated for initiation of therapy, inpatient. The covered population includes
lipodystrophy patients as well as some potentially distinct sources of insulin
resistance such as primary insulin receptoropathy. Services include diagnostic,
therapeutic, and educational support to patients and care givers. Among the subset
of patients in whom leptin therapy is initiated, the service specification already makes
accommodation for additional visits to CUH specifically for treatment initiation and
follow-up. Within the context of the overall service specification, only the cost of
these additional visits could be considered specific to leptin treatment. Diagnostic,
dietary, educational, and other costs associated with the service specification will be
borne regardless, as would expense associated with therapies other than leptin.
Hence, the introduction of metreleptin is not expected to involve any significant
additional service infrastructure.

The NHS reference costs associated with lipodystrophy-related complications are
detailed in Section 12.3.7. 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.

A systematic review of resource use and cost data was undertaken, using the same
electronic medical databases and additional sources as presented in Section 11.1.3.
Full details of the systematic review methods and the inclusion and exclusion criteria
have been detailed in Appendix 17.4.

A total of 2,109 papers were identified from the electronic searches.

After removal of duplicates, 1,005 publications remained. After title and abstract
screening, 997 publications were removed as these were not of relevance to the
research question. These publications were excluded for reasons such as study type
(n=395), date (n=206), outcome (n=131), duplicates (n=103), publication type (n=94)
and population (n=68).

A total of 107 publications were assessed in full for further evaluation. Of these, 104
were excluded based on population (n=53), country (n=26), outcome (n=18), date
(n=3), publication type (n=2) and study type (n=1). This left a total of three
publications for data extraction; one paper considering HIV-associated lipoatrophy,
one paper considering HIV-associated lipodystrophy and one paper considering HIV-
associated lipodystrophy and lipoatrophy.

Three studies were identified contributing to the cost and resource use evidence:
Piquet et al. (2007)(98), Llibre-Codina et al. (2007)(99) and Massella et al. (2011).
Table D38 provides a summary of each of the papers identified in this review. All
studies considered HIV-associated lipodystrophy or lipoatrophy and none of the
studies provided relevant resource data for the NHS in England.
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Table D38. Summary of papers identified in the cost and resource use review

Paper Population Perspective | Intervention Cohort size Source of Length of | Cost | Resources
data follow up year | included
Piquet et al. | Patients with HIV NR Polylactic acid 25 Prospective From NR Number of
(2007)(101) | positive disease and study across January sessions
facial lipoatrophy . two hospitals in | 2002 to
Lipostructure France December
2005
Llibre- Patients included in the | Spanish HAART therapy 1,286 Clinical trial 1 year 2005 | Consultations,
Codina et al. trllal were.218 years societal . Questionnaire surgery,
(2007)(102) | with confirmed HIV-1 perspective completed by procedures,
i i i i 10.11% had lipodystroph ici
infection, with ongoing o podystropny clinical experts medlf:mfas,.
HAART therapy and ' hospitalisations,
with a toxicity Spanish job losses and
associated with an specific cost other
NRTI sources
Massella et Patients with HIV Italian Immediate vs. 66 Clinical trial 24 weeks NR Number of fillers,
al. associated lipoatrophy, | Service delayed 100% had lipoatrophy surgeon and
(2011)(100) | =18 years Suppliers’ reconstructive assistant time
perspective | treatment with poly-I-
lactic acid or
polyacrylamide gel
Key: HAART, highly active antiretroviral therapy; HIV, Human immunodeficiency virus; NR, not reported; NRTI, nucleoside analogue reverse transcriptase inhibitors
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12.3.3 Provide details of the process used when clinical advisers assessed
the applicability of the resources used in the model.

Two clinical advisers who treat lipodystrophy at Addenbrooke’s Hospital, part of CUH
NHS Foundation Trust were asked to complete a resource use questionnaire to
identify the type of frequency of services received by lipodystrophy patients. When
the two advisors expressed differing impressions of resource use, the difference was
discussed and resolved.

Technology and comparators’ costs

12.3.4 Provide the list price for the technology.

The list price of metreleptin is £2,335 per vial 11.3mg (10mg dose). In light of per
patient doses for UK patients enrolled in the early access programme, this
corresponds to an annual per patient cost of £852,858.75

12.3.5 If the list price is not used in the de novo cost- effectiveness model,
provide the alternative price and a justification.

The primary analysis assumed an average per patient price of £434,633, based on
the anticipated availability of smaller vial sizes, resulting in reduced wastage, within
the next 3 months. The smaller vials are priced proportionally to the 11.3 mg vial
(10mg dose) vial as follows: 5.8mg vial size (5mg dose) £1,167.50 and 3mg vial size
(2.5mg dose) £583.80. The average price is computed from the distribution of
observed current doses in the UK early access programme.

12.3.6 Summarise the annual costs associated with the technology and the
comparator technology (if applicable) applied in the cost
effectiveness model. A suggested format is provided in tables D6
and D7. Table D7 should only be completed when the most relevant
UK comparator for the cost analysis refers to another technology.
Please consider all significant costs associated with treatment that
may be of interest to commissioners.

The costs associated with the technology and comparator are restricted to treatment
costs. Drug administration costs such as home delivery and self-administration
training are not separately included in this model as these activities will be funded by
Aegerion Pharmaceuticals at no additional cost to patients or NHS. Additional
resource use costs, such as laboratory tests and office visits, are difficult to quantify
given the heterogeneity of disease characteristics and lack of quality data. In this
model, the resource use costs are assume to occur equally to both metreleptin
treated and standard of care patients and are thus reflected in the nominal "standard
of care" costs that is assigned to all patients in the model.
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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 D8. 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.

In this model, each patient's health state is characterised by the presence or absence
of a fixed set of attributes. The costs related to each attribute are reported in

Table D40. For each lipodystrophy-related complication, a per-period cost is
calculated for each modelled patient based on their probability of having the
complication and probability of survival in that period. Medical costs for each
lipodystrophy-related complication or non-achievement of triglyceride and glucose
HbA1C response are derived using resource utilisation estimates for each
complication using a combination of KOL inputs and NHS reference costs. The
detailed reference costs used for lipodystrophy-related complication are presented in
Table D39.

Table D39: National Schedule of Reference costs associated with lipodystrophy-
related complication

Lipodystrophy-related HRG currency codes
complications

Heart abnormality Weighted cost of total HRGs currency codes relating to coronary artery bypass:
ED22A, ED22B, ED22C, ED23A, ED23B, ED23C, ED24A, ED24B, ED24C,
ED25A, ED25B, ED25C, ED26A, ED26B, ED26C, ED27A, ED27B, ED27C,
ED28A, ED28B, ED28C - NHS Ref costs relating to coronary artery bypass

Renal abnormality Total of pre-transplant costs, transplant costs, and follow up outpatient costs.
Total of LA10Z £232.52, + weighted cost of pre-transplantation workup costs
LA11Z LA12A LA12B £373.44, + weighted costs of examination post-
transplantation £233.69, + weighted cost of kidney transplant = £15716.14, +
outpatient attendances for service code 102 £307.09

Liver abnormality Weighted cost of total HRGs currency code GAO1A, GA01B, GAO1C, +
outpatient attendances for service code 102 £307.09

Pancreas abnormality Weighted average cost per FCE of elective inpatients, non-elective long stays,
non-elective short stays for endocrine disorders KAO8A, KA08B, KA08C

The estimated cost per patient with organ abnormality is calculated with the following
formula:
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Estimated cost per patient with abnormality = (Number of lipodystrophy-related
inpatient stays per annum per patient/ Fraction of patients with abnormality) * Cost
per inpatient stay

Table D40: Estimated cost per patient with abnormality

Disease attribute Estimated cost per patient with abnormality

Per-period medical costs from lipodystrophy-related complications

Heart abnormality £1,093.94
Renal abnormality £590.04
Liver abnormality £527.97
Pancreas abnormality £44.28
Hyperphagia £0

PCOS (Females Only) £0
Unable to Perform School or Work £0
Impaired Physical Appearance £0

Per-period medical costs from non-achievement of triglyceride and/or glucose HbA1C response

Triglycerides Control

Triglycerides: Achieved Goal (<=200 mg/dL) £0
Triglycerides: Partial Response (>200 mg/dL, <=500 £0
mg/dL)

Triglycerides: No Response (>500 mg/dL) £0
Glucose Control

HbA1C: Achieved Goal (<=7.0) £0
HbA1C: Partial Response (>7.0%, <=8.0%) £0
HbA1C: No Response > 8.0% £0

In the primary cost-effectiveness analysis, no costs are associated with hyperphagia,
PCOS, inability to perform school or work, impaired physical appearance, or
abnormal laboratory levels. While these attributes may impose costs on either the
patient or on the healthcare systems, the costs likely vary substantially and are hard
to quantify. For example, PCOS can lead to fertility impairment and thus may imply
large costs for adults who desire children. However, it may impose no cost for
children.

As these attributes are more likely to be present in patients who do not receive
metreleptin, including £0 in associated costs is conservative.

Adverse-event costs

12.3.8 Complete table D9 with details of the costs associated with each
adverse event included in the cost- effectiveness model. Include all
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adverse events and complication costs, both during and after
longer-term use of the technology.

The cost of hypoglycaemic events is included in the model as an adverse event. The
mean expenditure per hospital admission for hypoglycaemia was £1034. (103) The
cost was inflated to the most recent prices using the PSSRU inflation indices 2016
HCHS index (http://www.pssru.ac.uk/pub/uc/uc2016/sources-of-information.pdf -
section 16.3). Inflating £1034 to 2015/16 prices from 2012 prices using the PSSRU
results in £1087.07 from calculation [1034 * (297.0/282.5)] where 297.0 refers to
2015/16 HCHS price index and 282.5 refers to 2011/12 price index.

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.

Cost savings and additional costs have been described previously in this document.
The model base case does not include costs to caregivers, costs associated with
routine monitoring and drug administration costs such as home delivery and self-
administration training

12.3.10 Are there any other opportunities for resource savings or
redirection of resources that it has not been possible to quantify?

Hyperphagia, PCOS (Females Only) and Unable to Perform School or Work are
currently costed at £0 in the model. This provides additional opportunities for
resource saving as hyperphagia, PCOS and unable to perform school or work
represent substantial levels of unquantified health and non-health benefits in the QoL
of carers/families of children and adults with lipodystrophy.

12.4 Approach to sensitivity analysis

Section 12.4 requires the sponsor to carry out sensitivity analyses to explore
uncertainty around the structural assumptions and parameters used in the
analysis. All inputs used in the analysis will be estimated with a degree of
imprecision. For technologies whose final price/acquisition cost has not been
confirmed, sensitivity analysis should be conducted over a plausible range of

prices.

Analysis of a representative range of plausible scenarios should be presented and
each alternative analysis should present separate results.
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12.4.1 Has the uncertainty around structural assumptions been
investigated? State the types of sensitivity analysis that have been
carried out in the cost- effectiveness analysis.

We considered variations in structural assumptions based on the following scenarios:
Results are reported in 12.5.16

- Future Price Changes: Loss of metreleptin exclusivity at 10 years

o Assumes metreleptin list price falls 90% after loss of exclusivity
o The model allows the user to select the year of the price change and
the new price.

- Reduced initial price
- Elimination of mortality benefit of metreleptin for PL patients

o Although organ abnormalities are associated with increased mortality
in both GL and PL patients, the survival curve observed in the GL/PL
natural history study does not substantially differ from that of the
general population. Thus, we explore eliminating the mortality benefit
of metreleptin for PL patients by predicting survival from the general
population curve based on patient age, regardless of organ
abnormality.

- Changes to assumptions regarding organ abnormality progression

o Slower organ progression risk -- all organ progression probabilities for
both metreleptin treated patients and standard of care patients can be
increased or decreased in tandem

o An alternative organ abnormality progression scenario for standard of
care patients was assessed by assuming that standard of care
patients develop organ abnormalities as observed in the GL/PL
Natural History Study, without adjusting for differences in baseline
characteristics between those patients and the patients in the NIH
Follow-up study. (See Table 1 in appendix 17.6.1 for unadjusted
natural history study progression probabilities.)

- Alternate survival extrapolation methods
o The model allows for the user to toggle between various
parameterizations used to extrapolate the GL survival curve observed
in the NH trial
o Additionally, the cox regression coefficient that determines how much
mortality increases for each subsequent organ abnormality for GL
patients can be varied by the user

- Earlier treatment initiation (Preliminary)
o Preliminary adaptation of model focused on CGL patients only
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12.4.2

o Considers scenario in which patients initiate treatment at age 1
o Further sensitivities of early treatment initiation to incorporate larger
hyperphagia utility decrement and parental disutility

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.

Deterministic one-way sensitivity analysis has been conducted on the following
variables, representing the key clinical and economic inputs into the economic model
detailed in Table D41:

Utility decrements
Annual cost of lipodystrophy-related complications
Annual treatment costs per patient
Model specifications
o Discount rate (costs)
o Discount rate (life years and QALY)
o Annual medical cost increase
o Annual pharmacy cost increase
Organ progression probabilities
Relationship between organ abnormality and survival
Time horizon (30 years)

Deterministic multi-way sensitivity analyses has also been conducted to reflect the
following scenarios detailed in Table D42:

Assumes a lower price for metreleptin

Doubles the hyperphagia decrement

Incorporates resolution of heart abnormalities for some patients who
experience a resolution of hypertension

Base case parameters were chosen to capture the heterogeneity of the disease over
time in a lipodystrophy patients. Probabilistic sensitivity analysis was undertaken
based on the distribution assumptions and variables as detailed in Table D43. The
model allows the user to consider a range of user selected variables for the PSA.
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12.4.3 Complete Table D41,Table D42,Table D43 as appropriate to summarise the variables used in the sensitivity analysis.

Table D41: DSA one-way parameters
Variable Description Base case DSA Input
input

Low High
Utility (Base case + 50%)
Heart abnormality Heart abnormality utility decrement -0.19 -0.09 -0.28
Liver abnormality Liver abnormality utility decrement -0.15 -0.08 -0.23
Pancreas abnormality Pancreas abnormality utility decrement -0.13 -0.06 -0.19
Kidney abnormality Kidney abnormality utility decrement -0.13 -0.06 -0.19
Hyperphagia Hyperphagia utility decrement -0.11 0.00 -0.22
Disruption to female reproductive function Disruption to female reproductive function utility decrement -0.06 -0.03 -0.09
Loss of ability to perform work / school work Loss of ability to perform work / school work utility decrement -0.25 -0.13 -0.38
Impaired physical appearance Impaired physical appearance utility decrement -0.10 -0.05 -0.15
Triglyceride control (<=200 mg/dL) Triglyceride control utility decrement 0.00 0.00 0.00
Partial triglyceride response (>200 mg/dL, <=500 Partial triglyceride response utility decrement -0.05 -0.02 -0.07
mg/dL)
No triglyceride response (>500 mg/dL) No triglyceride response utility decrement -0.11 -0.06 -0.17
Hypoglycemia Hypoglycemia utility decrement -0.01 -0.01 -0.02
HbA1C control (HbA1C > 4.0%, HbA1C <= 7.0%) HbA1C control utility decrement 0.00 0.00 0.00
Partial HbA1C response (HbA1C > 7.0%, HbA1C <= Partial HbA1C response utility decrement -0.08 -0.04 -0.12
8.0%)
No HbA1C response (HbA1C > 8.0%) No HbA1C response utility decrement -0.18 -0.09 -0.27
Parental care Parental care utility decrement 0 0.00 0.00
Fast Progression Fast progression utility decrement -0.16 -0.08 -0.24
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Variable Description Base case DSA Input
input

Annual cost of lipodystrophy-related complications (£0 to base case + 50%)
Heart abnormality (£) Heart abnormality annual cost £1,094 £0 £1,641
Liver abnormality (£) Liver abnormality annual cost £528 £0 £792
Pancreas abnormality (£) Pancreas abnormality annual cost £44 £0 £66
Kidney abnormality (£) Kidney abnormality annual cost £590 £0 £885
Annual treatment costs per patient (base case + 50%)
Metreleptin (£) Metreleptin annual cost £852,858 £426,429 £1,279,288.13
Standard of care (£) Standard of care annual cost £3,000 £1,500 £4,500
Model specifications (base case + 50%)
Discount rate (costs; %) Discount rate [costs] 3.5% 1.8% 5.3%
Discount rate (life years and QALYSs; %) Discount rate [life years and QALYSs] 3.5% 1.8% 5.3%
Cox proportional hazard regression coefficient for Cox proportional hazard regression coefficient for number of organ 1.09 0.275 1.904
number of organ abnormalities abnormalities
Organ progression (base case + 50%)
0 organs damaged to 1 organ damaged [MET] Organ abnormality progression [MET; O to 1 organs] 5% 0.0% 8%
1 organs damaged to 2 organ damaged [MET] Organ abnormality progression [MET; 1 to 2 organs] 5% 0.0% 8%
2 organs damaged to 3 organ damaged [MET] Organ abnormality progression [MET; 2 to 3 organs] 8% 0.0% 12%
3 organs damaged to 4 organ damaged [MET] Organ abnormality progression [MET; 3 to 4 organs] 4% 0.0% 6%
0 organs damaged to 1 organ damaged [Non-MET] Organ abnormality progression [Non-MET; 0 to 1 organs] 9% 0.0% 13%
1 organs damaged to 2 organ damaged [Non-MET] Organ abnormality progression [Non-MET; 1 to 2 organs] 17% 0.0% 26%
2 organs damaged to 3 organ damaged [Non-MET] Organ abnormality progression [Non-MET; 2 to 3 organs] 12% 0.0% 18%
3 organs damaged to 4 organ damaged [Non-MET] Organ abnormality progression [Non-MET; 3 to 4 organs] 6% 0.0% 9%
Transition Probability Multiplier Allows speed of organ abnormality progression to be scaled for both MET and 100% 50% 150%

non-MET patients
Time Horizon
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Variable

Description

Base case
input

DSA Input

Time horizon: 60 years (base case)

Time horizon: 30 years

The deterministic multi-way scenario implements the following changes to the base case for the label indication group:

Table D42: DSA multi-way parameters
Variable Description of DSA change Base case input Scenario input
List Price

Assumes a lower price for metreleptin (.

£- per patient (per year)

E_patient (per year)

Hyperphagia utility
decrement

Doubles the hyperphagia decrement

-0.11

-0.22

Period 1 heart abnormalities
for metreleptin patients

Incorporates resolution of heart
abnormalities for some patients who
experience a resolution of hypertension

As reported in NIH study, assuming baseline
abnormalities continue

As reported in NIH study, assuming baseline abnormalities
resolve for patients who are prehypertensive at baseline but
have normal blood pressure in period 1

Table D43: PSA parameters
Variable Mean Standard Deviation Distribution
Standard of care (£) 3000 750 Gamma
Metreleptin (£) 217316.726 54329.18149 Gamma
Heart abnormality -0.186531291 -0.046632823 Beta
Liver abnormality -0.153133609 -0.038283402 Beta
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Variable Mean Standard Deviation Distribution
Kidney abnormality -0.128145147 -0.032036287 Beta
Hyperphagia -0.113407277 -0.028351819 Beta
Disruption to female reproductive function -0.058149567 -0.014537392 Beta
Loss of ability to perform work / school work -0.254734725 -0.063683681 Beta
Impaired physical appearance -0.100666155 -0.025166539 Beta
Pancreatitis -0.128 -0.032 Beta
Hypoglycemic Events -0.014964286 -0.003741072 Beta
Fast progression -0.16 -0.04 Beta
No Response (HbA1C) -0.18 0.045 Beta
Partial Response (HbA1C) -0.08 -0.02 Beta
No Response (Triglycerides) -0.112337353 -0.028084338 Beta
Partial Response (Triglycerides) -0.047523742 -0.011880936 Beta

0 organs damaged to 1 organ damaged [MET] 0.055 0.01375 Normal
1 organs damaged to 2 organ damaged [MET] 0.051 0.01275 Normal
2 organs damaged to 3 organ damaged [MET] 0.0869 0.021725 Normal
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Variable Mean Standard Deviation Distribution
3 organs damaged to 4 organ damaged [MET] 0.0399 0.009975 Normal
0 organs damaged to 1 organ damaged [Non-MET] 0.0888 0.019175 Normal
1 organs damaged to 2 organ damaged [Non-MET] 0.1725 0.041375 Normal
2 organs damaged to 3 organ damaged [Non-MET] 0.1229 0.037925 Normal
3 organs damaged to 4 organ damaged [Non-MET] 0.0622 0.0140425 Normal
Discontinuation Rate 0.017423327 0.004355832 Normal
Cox proportional hazard regression coefficient for number of organ abnormalities 1.0897 0.4155 Normal
Universal Progression Multiplier 1 0.25 Normal
Discount Cost 0.035 0.00875 Normal
Discount QALY/LY 0.035 0.00875 Normal
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12.4.4 If any parameters or variables listed above were omitted from the
sensitivity analysis, provide the rationale.

All parameters above were used in the sensitivity analysis.

12.5 Results of economic analysis

Section 12.5 requires the sponsor to report the economic analysis results. These

should include the following:

costs, quality-adjusted life years (QALY's) and incremental cost per QALY

¢ the link between clinical- and cost-effectiveness results

o disaggregated results such as life years gained (LYG), costs associated with
treatment, costs associated with adverse events, and costs associated with follow-
up/subsequent treatment

o results of the sensitivity analysis.

Base-case analysis

12.51 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 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 table D11.

The following presents the base case incremental results comparing metreleptin to
SoC over a 60-year time horizon, assuming availability of vials for the 2.5mg, 5mg,
and 10mg doses of metreleptin at list price. The results of the base-case ICER with
the patient access scheme are presented in a separate document (refer to the HST
PAS Evidence Submission).

Table D44: Cost-effectiveness results for label indication group for 10mg dose
(Base case 1)
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effectiveness ratio (£ per
QALY)

Metreleptin vs. SOC | Metreleptin SOC Increment
Costs per patient (60 years)

Cost of Therapy(£) £10,909,179 £41,026 £10,868,153
Other Medical Costs(£) £24,969 £23,125 £1,844
Total Costs (£) £10,934,148 £64,151 £10,869,997
Treatment effectiveness per patient (60 years)

Life Years (Years) 17.95 13.68 4.27

Utility Decrements (QALYs) | -9.48 -13.32 3.84
Quality-Adjusted Life Years 8.47 0.36 8.1
(QALYs)

Cost-effectiveness (60 years)

Incremental Cost- £1,340,457

Table D45:

(Base case 2)

Cost-effectiveness results for label indication group for multiple vials

Metreleptin vs. SOC | Metreleptin SOC Increment
Costs per patient (60 years)
Cost of Therapy(£) £5,585,927 £41,026 £5,544,900
Other Medical Costs(£) £24,969 £23,125 £1,844
Total Costs (£) £5,610,896 £64,151 £5,546,744
Treatment effectiveness per patient (60 years)
Life Years (Years) 17.95 13.68 4.27
Utility Decrements (QALYs) | -9.48 -13.32 3.84
Quality-Adjusted Life Years 8.47 0.36 8.1
(QALYs)
Cost-effectiveness (60 years)
Incremental Cost- £684,009
effectiveness ratio (£ per
QALY)

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.

The outcomes from the model were not compared with the clinical trial results as no
randomised controlled trial of metreleptin in lipodystrophy patients has been
conducted, largely due to the extreme rarity and severity of the condition.
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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.

This does not apply to the individual patient model.

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.

QALYs accrue to patients on a per-period basis over the course of 60 one year
periods. A patient's attribute profile in each period generates a QALY decrement that
is subtracted from 1-the utility from perfect health. QALY's are then summed across
all periods in the model, with each period's QALY value discounted appropriately.
QALYs are also scaled by the survival probabilities of patients. Since attribute
impairment is stochastic, QALY decrements arise with some likelihood in each period
and are scaled by the appropriate probability.

12.5.5 Please indicate the life years (LY) and QALYs accrued for each
clinical outcome listed for each comparator. For outcomes that are a
combination of other states, please present disaggregated results.
For example:

In the model, LY and QALY accrue over a period of 60 years. The per patient
QALYs over time are presented in Figure D26.

Figure D26:  Per Patient QALYs over Time (Discounted) (BC1 and BC2)

Per Patient QALYs over Time (Discounted)
GL/PL Patients

—MET GL —MET PL
- = 30C GL - =S0CPL

GQALY's per patient per year
05

04

03

0.2

0.0

12.5.6 Please provide details of the disaggregated incremental QALYs by
health state. Suggested formats are presented below.

The figures below display each associated health condition’s incremental impact on
period 1 QALY's for metreleptin and SOC patients. Overall, an average metreleptin
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patient will experience a year of life equivalent to nearly half of one lived in perfect-
health while the average standard of care patient will experience a year of life
equivalent to nearly one-third of one lived in perfect-health and about three-fifths of
one lived while treated with metreleptin. While the assumption that a lipodystrophy
patient with none of the specified attributes would experience perfect health is
unrealistic, subtracting the utility decrements from a lower base results in a number
of standard of care patients receiving negative utility. The difference in per period
utility between metreleptin treated and standard of care patients does not depend on
the value assigned to perfect health, the choice to not adjust the QALY base seems
reasonable.

Figure D27:  Utility decrements in period 1 (MET patients) (BC1 and BC2)

Utility decrements in period 1

Total QALYs Metreleptin-treated patients
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Figure D28:  Utility decrements in period 1 (SOC patients) (BC1 and BC2)
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12.5.7 Please provide undiscounted incremental QALYs for the
intervention compared with each comparator

Table D46: Undiscounted incremental QALYs for label indication group (BC1 and

BC2)
Metreleptin vs. SOC | Metreleptin [ SOoC [ Increment
Treatment effectiveness per patient (60 years)
Life Years (Years) 35.71 24.71 11.00
Utility Decrements (QALYSs) -20.42 -24.06 3.64
Quality-Adjusted Life Years 15.30 0.65 14.64
(QALYs)
12.5.8 Please provide undiscounted incremental costs for the intervention

compared with each comparator

Table D47: Undiscounted costs for label indication group for 10mg dose (BC1)

Metreleptin vs. SOC | Metreleptin | SOC Increment
Treatment effectiveness per patient (60 years)
Cost of Therapy £19,273,545 £74,129 £19,199,416
Other Medical Costs £54 874 £43,822 £11,052
Total Costs £19,328,419 £117,951 £19,210,468
Table D48: Undiscounted costs for label indication group for multiple vials (BC2)
Metreleptin vs.SOC | Metreleptin | SOC Increment
Treatment effectiveness per patient (60 years)
Cost of Therapy £9,874,711 £74,129 £9,800,582
Other Medical Costs £54 874 £43,822 £11,052
Total Costs £9,929,585 £117,951 £9,811,634

12.5.9 If appropriate, provide details of the costs for the technology and its
comparator by health state. A suggested format is presented in
table D13.

Not applicable.

12.5.10 If appropriate, provide details of the costs for the technology and its
comparator by adverse event. A suggested format is provided in
table D14.

Not applicable.
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Sensitivity analysis results

12.5.11 Present results of deterministic one-way sensitivity analysis of the
variables described in Table D41.

The results of the deterministic sensitivity analysis are presented in Figure D29 and
Figure D30.

Figure D29: DSA one-way results for 10mg dose (based around BC1)

itivity Analysis of Cost Effectiveness Ratio
wHighValue  #Low Value
£100,000 £600,000 £1,100,000 £1,600,000 £2.100,000 £2,600.000

Metreleptin Annual Cost (E426,429; £1,279,288)

Discount rate [costs] (1.8%; 5.3%)

Discount rate life years and QALYs] (1.8%; 5.3%)

Hyperphagia utility decrement (0.00; 0.22)

Discontinuation Rate Post Real-World Data (0.0%; 4.0%)

Loss of ability to perform work / school work utility decrement (0.13; £.38)

Fast progression utility decrement (0.08; 0.24)

Organ ty progs [6L; 210 3 organs] (00%; 125%)

Liver abnormality utility decrement (.08; -0.23)
Transition Probability Multiplier (50.0% ; 150.0%)
Organ abnormality progression [GL; 1 fo 2 organs] (0.0%; 7.5%)

Cox proportional hazard regression cosfficient for number of organ abnormalities (0.28; 1.80)

Incremental Cost-Effectiveness Ratio (£/ QALY)

Figure D30: DSA one-way results for multiple vials (based around BC2)

Dy i itivity Analysis of Cost Eff Ratio
wHighValue ¥ Low Value
£100000 £200000 £300000 £400000 £500000 £600000 £700000 EB0D000 £900000 £1000000 £1,100000

Metreleptin Annual Cost (E217,317; £651,950)

Discount rate [costs] (1.8%; 5.3%)

Discount rate [ife years and QALYs] (1.8%; 53%)

Hyperphagia utility decrement (0.00; -0.22)

Discontinuation Rate Post Real-World Data (0.0%; 4.0%)

Loss of abilty 1o perform work / school work utiity decrement (0.13; 0.38)

Fast progression utility decrement (0.08; -0.24)

Organ abnormality progression [GL; 2 to 3 organs] (0.0%; 12.5%)

Liver abnormality utility decrement (.08; -0.23)

Transition Probability Multiplier (50.0% ; 150.0%)

Organ abnormality progression [GL; 1 to 2 organs)] (0.0%; 7.5%)

Cox proportional hazard regression coefficient for number of organ abnormalities (0.28; 1.80)

Incremental Cost-Effectiveness Ratio (£/ GALY)
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12.5.12

Present results of deterministic multi-way scenario sensitivity
analysis described in table Table D42.

The deterministic multi-way scenario implements the following changes to the base
case for the label indication group:

¢ Reduces the list price by _

o Doubles the hyperphagia decrement to -0.22

e Incorporates resolution of heart abnormalities for some patients who
experience a resolution of hypertension

Table D49: DSA multi-way scenario results for 10mg doses (based around BC1)
Metreleptin vs. SOC | Metreleptin SoC | Increment
Costs per patient (60 years)

Cost of Therapy(£) £11,039,566 £41,113 £10,998,453
Other Medical Costs(£) £23,631 £23,135 £496

Total Costs (£) £11,063,197 £64,249 £10,998,949
Treatment effectiveness per patient (60 years)

Life Years (Years) 18.17 13.70 4.46

Utility Decrements (QALYs) | -9.40 -14.30 4.90
Quality-Adjusted Life Years 8.77 -0.60 9.37
(QALYs)

Cost-effectiveness (60 years)

Incremental Cost- £1,174,305
effectiveness ratio (£ per

QALY)

Table D50: DSA multi-way scenario results for multiple vials (based around BC2)
Metreleptin vs. SOC | Metreleptin SoC | Increment
Costs per patient (60 years)

Cost of Therapy(£) £5,652,706 £41,113 £5,611,593
Other Medical Costs(£) £23,631 £23,135 £496

Total Costs (£) £5,676,337 £64,249 £5,612,088
Treatment effectiveness per patient (60 years)

Life Years (Years) 18.17 13.70 4.46

Utility Decrements (QALYs) | -9.40 -14.30 4.90
Quality-Adjusted Life Years 8.77 -0.60 9.37
(QALYs)

Cost-effectiveness (60 years)

Incremental Cost- £599,175
effectiveness ratio (£ per

QALY)
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12.5.13 Present results of the probabilistic sensitivity analysis described in

Table D43.
Figure 31: Scatterplot PSA results for multiple vials (BC2)
Incremental Cost Incremental Cost and Effectiveness: MET vs. SOC Patients
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Figure 32: Cost-effectiveness acceptability curve for multiple vials (BC2)
Cost-effectiveness acceptability curve:
MET vs. SOC
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12.5.14 What were the main findings of each of the sensitivity analyses?

The ICER and QALY vary as expected as price and utility decrements are varied.
While the range of QALYs is significant metreleptin is associated with significant
QALY gain in all scenarios as seen in

Table D52.
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Table D51: Scenario analysis results for 10mg dose (BC1)

Structural Scenario Specific Assumptions/Inputs ICER QALYs
Gained

Base case List price, with multiple vial sizes £1,340,457 8.11

Base case plus assume . t::lt sirzicéz with 50% discount, with multiple £- 8.11

lower price for metreleptin

Base case plus alternate inputs Doubles hyperphagia disutility, incorporates | £1,174,305 9.37
heart abnormality improvement measured
by hypertension)

Base case plus alternative List price with 50% discount, with multiple - 9.37

vial sizes, doubles hyperphagia disutility,
incorporates heart abnormality improvement
measured by hypertension)

inputs assume

Future Price Changes: Loss of Metreleptin list price falls 90% after 10 £746,788 8.1
metreleptin exclusivity years
Elimination of mortality benefit of | PL patient survival is predicted from the £1,343,703 8.10
metreleptin for PL patients general population curve based on patient

age, regardless of less of organ

abnormality.
Changes to assumptions all organ progression probabilities increased | £1,374,718 7.74
regarding organ abnormality by 50%

progression: Slower or faster
organ progression risk for both

metreleptin and standard of care
patients all organ progression probabilities £1,284,550 8.64
decreased by 50%

Changes to assumptions Unadjusted natural history study organ £1,337,257 8.13

regarding organ abnormality abnormality progression probabilities used

progression: Alternative for standard of care patients (See Table 1 in

standard of care progression appendix 17.6.1)

rates

Alternate survival extrapolation Weibull £1,355,200 7.81

methods: GL curve

terizati

parameterization Log Normal £1,333413 | 8.24
Logit £1,341,641 8.08

Alternate survival extrapolation GL organ abnormality cox regression £1,304,693 8.11

methods: GL organ coefficient: [Lower DSA bound, 0.275]

abnormalities

GL organ abnormality cox regression £1,382,635 7.92
coefficient: [Upper DSA bound, 1.904]
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Alternate survival extrapolation Observed general population curve £1,291,187 8.05
methods: PL organ corresponds to an average of 1 abnormal
abnormalities organ (2.76 in base case)
Table D52: Scenario analysis results for multiple vials (BC2)
Structural Scenario Specific Assumptions/Inputs ICER QALYs
Gained
Base case List price, with multiple vial sizes £684,009 8.11
Base case plus assume . List price with - with multiple vial - 8.11
lower price for metreleptin slizes
Base case plus alternate inputs Doubles hyperphagia disutility, incorporates £599,176 9.37
heart abnormality improvement measured by
hypertension)
Base case plus alternative inputs | | i price with -with multiple vial - 9.37
and price for sizes, doubles hyperphagia disutility,
metreleptin incorporates heart abnormality improvement
measured by hypertension)
Future Price Changes: Loss of Metreleptin list price falls 90% after 10 years | £380,632 8.11
metreleptin exclusivity
Elimination of mortality benefit of | PL patient survival is predicted from the £685,643 8.10
metreleptin for PL patients general population curve based on patient
age, regardless of less of organ
abnormalitye.
Changes to assumptions all organ progression probabilities increased | £701,475 7.74
regarding organ abnormality by 50%
progression: Slower or faster
organ progression risk for both
metreleptin and standard of care
patients all organ progression probabilities - 8.64
decreased
Changes to assumptions Unadjusted natural history study organ £682,354 8.13
regarding organ abnormality abnormality progression probabilities used
progression: Alternative standard | for standard of care patients (See Table 1 in
of care progression rates appendix 17.6.1)
Alternate survival extrapolation Weibull £691,495 7.81
methods: GL curve
terizati
parametenzation Log Normal £680,435 8.24
Logit £684,222 8.08
GL organ abnormality cox regression £665,472 8.11

coefficient: [Lower DSA bound, 0.275]
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Alternate survival extrapolation GL organ abnormality cox regression £705,809 7.92
methods: GL organ coefficient: [Upper DSA bound, 1.904]
abnormalities

Alternate survival extrapolation Observed general population curve £659,036 8.05
methods: PL organ abnormalities | corresponds to an average of 1 abnormal
organ (2.76 in base case)

12.5.15 What are the key drivers of the cost results?

The key cost drivers in the individual patient model are the annual price of
Metreleptin, the discount rate applied to treatment costs as well as patient life years
and QALYs, and the utility decrement associated with hyperphagia. As depicted in
the above deterministic sensitive analysis, however, many variables, especially those
related to utility decrements and probabilities of increased organ abnormality, have
an incremental impact on the ICER estimate.

Miscellaneous results

12.5.16 Describe any additional results that have not been specifically
requested in this template. If none, please state.

The results of the preliminary analysis of early initiation, describe in 12.4.1, are not
described elsewhere and are shown in

Table D53 below.

Table D53: Early treatment initiation at age 1 results (CGL)

Structural Scenario Specific Change ICER QALYs
Gained
Early treatment initiation at age | List price, multiple vial sizes (No Discount) 846,380 12.06
1: CGL
List price, multiple vial sizes plus double 726,962 14.04
hyperphagia decrement, plus parental
disutility of -0.05 per period
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12.6 Subgroup analysis

For many technologies, the capacity to benefit from treatment will differ for patients
with differing characteristics. Sponsors are required to complete section 12.6 in
accordance with the subgroups identified in the scope and for any additional

subgroups considered relevant.

Types of subgroups that are not considered relevant are those based solely on the

following factors.

¢ Individual utilities for health states and patient preference.

e Subgroups based solely on differential treatment costs for individuals according
to their social characteristics.

o Subgroups specified in relation to the costs of providing treatment in different
geographical locations within the UK (for example, if the costs of facilities

available for providing the technology vary according to location).

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.

Subgroups included in the model were identified based on the labelled indication.
The following subgroups were included:

e Generalised lipodystrophy meeting labelled indication (GL) (n=63)
e Partial lipodystrophy patients meeting labelled indication (PL) (n=17)

e All NIH patients (n=112), including those who do not meet the labelled
indication

e Congenital generalised lipodystrophy, including those who do not meet the
labelled indication (CGL) (n=48)

12.6.2 Define the characteristics of patients in the subgroup(s).

Lipodystrophy may be either congenital (inherited) or acquired and may be
generalised (affecting adipose tissue throughout the body) or partial, affecting
adipose tissue in parts of the body. While heterogeneous in aetiology and
manifestation, metabolic abnormalities, progressive abnormality to organs,
hypoleptinaemia (low leptin), and favourable response to metreleptin are commonly
observed across patients.

The severity and burden of lipodystrophy is consistently high among patients with
generalised lipodystrophy (GL). The GL subgroup is consistent with the labelled
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indication, patients with congenital or acquired GL, in adults and children 6 years of
age and above.

The presentation of partial lipodystrophy (PL) is more heterogeneous, with some
patients exhibiting more severe metabolic complications. The indication being sought
within PL includes the group of patients with more severe metabolic abnormalities
regardless of standard treatment and lower leptin levels. The PL subgroup is
consistent with the labelled indication, patients with familial or acquired PL,
characterised by leptin level < 12 ng/ml with triglycerides > 500 mmol/l and/or HbA1c
> 8 %, in adults and children 12 years of age and above uncontrolled on standard
therapy.

12.6.3 Describe how the subgroups were included in the cost-effectiveness
analysis.

The subgroup analysis is conducted by restricting the results from the model to those
associated with only patients who meet the subgroup criteria. For instance, in the GL
subgroup analysis, only patients who met the label indication and who had GL were
included, so the model results were averaged across these 63 patients rather than all
80 patients who met the label indication.

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 QALYs consistent with section 12.5.7

Table D54: Discounted subgroup results for 10mg dose (BC1)

Number Life years QALYs Utility Cost per
Subgroup of decrements QALY

patients (period 1)

per arm MET SOoC MET SoC MET SOoC
All patients 112 18.91 15.49 8.35 0.56 -0.41 -0.79 £1,440,200
GL 63 17.25 12.02 8.50 -0.55 -0.38 -0.83 £1,199,812
PL 17 20.49 19.82 8.35 3.73 -0.43 -0.66 £2,359,642
CGL 48 18.40 13.12 9.22 -0.65 -0.39 -0.86 £1,244,737

Table D55: Undiscounted subgroup results for 10mg dose (BC1)

Subgroup Number Life years QALYs Utility Cost per
of decrements QALY
patients (period 1)
per arm MET soC MET soC MET SOoC
All patients 112 38.47 29.66 15.23 1.41 -0.43 -0.80 £1,459,627
GL 63 34.61 21.07 15.52 -0.92 -0.39 -0.84 £1,171,292
PL 17 39.80 38.19 14.46 6.48 -0.44 -0.68 £2,386,596
CGL 48 37.16 23.35 16.98 -1.15 -0.40 -0.87 £1,178,701
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Table D56: Discounted subgroup results for all vial sizes (BC2)

Subgroup Number Life years QALYs Utility Cost per
of decrements QALY
patients (period 1)
per arm MET SOoC MET SOC MET SOC
All patients 112 18.91 15.49 8.35 0.56 -0.41 -0.79 £734,643
Generalised 63 17.26 12.02 8.50 -0.55 -0.38 -0.83 £612,443
lipodystrophy
(GL)
Partial 17 20.49 19.82 8.35 3.73 -0.43 -0.66 £1,202,614
lipodystrophy
(PL)
Congenital 48 18.40 13.12 9.22 -0.65 -0.39 -0.86 £621,110
generalised
lipodystrophy
(CGL)
Table D57: Undiscounted subgroup results for all vial sizes (BC2)
Number Life years QALYs Utility Cost per
Subgroup of decrements QALY
patients (period 1)
per arm MET SOC MET SoC MET SOoC
All patients 112 38.47 29.66 15.23 1.41 -0.43 -0.80 £745,057
Generalised 63 34.61 21.07 15.52 -0.92 -0.39 -0.84 £598,546
lipodystrophy
(GL)
Partial 17 39.80 38.19 14.46 6.48 -0.44 -0.68 £1,216,530
lipodystrophy
(PL)
Congenital 48 37.16 23.35 16.98 -1.15 -0.40 -0.87 £602,159
generalised
lipodystrophy
(CGL)
12.6.5 Were any subgroups not included in the submission? If so, which

ones, and why were they not considered?
All subgroups identified are included in the submission.
12.7 Validation

12.71 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.

The approach to the model has been validated with leading lipodystrophy clinical
experts including Dr. Rebecca Brown, Dr. David Savage and Dr. Anna Stears, and
additional meetings to review findings are underway
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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?

There are no published economic literature available on metreleptin in lipodystrophy
patients.

Based on the results from this cost-effectiveness analysis, the ICER with PAS is a
cost-effective use of NHS resources withjn the HST decision making criteria. This is
due to a combination of large quantified QALY gain and unquantified direct and non-
health benefits such as the broad impact on patients' and caregivers' lives (more
detail in Section 14). Early intervention leads to substantial QALY gains and
improved ICERs by preventing or slowing lipodystrophy's devastating progression.
This is presented in an alternative model for base case patients with CGL starting
metreleptin treatment from Age 1. The incremental QALY's are found to be 12.06,
respectively. These gains are due to the high benefit of preventing emerging organ
abnormalities and progression of the disease in these patients. There is also a
substantial level of unquantified health and non-health benefits such as
improvements in the QoL of carers/family of children and adults with lipodystrophy.

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?

The model is based on pati