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Pre-meeting briefing
Obeticholic acid for treating
primary biliary cirrhosis

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

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

+ the Evidence Review Group (ERG) report.

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

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

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




Key decision points

Is there high unmet medical need? What is standard of care for
people intolerant to/ have inadequate response to UCDA?

Are fibrates relevant comparators?

What is the natural history of people with low ALP? Can ALP be
maintained at this level and will it prevent progression of PBC?

How generalisable is the clinical trial in terms of
— the proportion of people with moderate and severe PBC?
— the proportion of people on OCA monotherapy (n=11)

— the value of the composite primary outcome in clinical practice (is
there a strong enough relationship between the surrogate and
improved long term liver outcomes)?

How is OCA used in clinical practice (is it titrated)?
How severe is the pruritus associated with OCA?
Utility values for PMB/Liver health states — appropriate?



Primary biliary cirrhosis (PBC)

Also known as primary biliary cholangitis is rare, progressive,
autoimmune, non-viral disease of the liver that gradually
destroys the interlobular bile ducts. This causes accumulation
of cytotoxic bile acids in the liver, which leads to inflammation,
liver fibrosis, cirrhosis, and ultimately liver failure.

Estimated prevalence in the UK is ~ 3.9 per 10,000
population, equating to ~ 19,175 people in England.
Incidence is 0.58 per 10,000 population.

~ 90% of people with the condition are women, and age of
diagnosis is typically between 30 and 65 years

~ 60—-80% of patients are asymptomatic at diagnosis. The
diagnosis in asymptomatic patients is usually established after
the chance finding of an elevated ALP level during the course
of an unrelated illness.



PBC progression and association with
alkaline phosphatase and total bilirubin level

« The presence of AMA and elevated ALP levels are two early
characteristic markers of PBC. It is important to treat patients when
their ALP levels >1.67x ULN, equivalent to 200 U/L.

* Anincrease in serum bilirubin is detected only when significant liver
damage has occurred, with a sharp increase occurring in the terminal
phase. A rise in bilirubin to as low as 0.5 x ULN, is a significant change
in the course of the disease
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ALP and bilirubin level correlation with
death and liver transplantation

» The company stated that serum ALP along with bilirubin are used
to manage patients, test the efficacy of novel therapies in clinical

studies, and gauge the risk of long-term adverse clinical
outcomes.
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Current management

First choice treatment: ursodeoxycholic acid (UDCA)

Inadequate response to UDCA in up to 70% of people

For people who are unable to tolerate, or whose disease responds
inadequately to, UDCA — no licensed or effective treatments
Immunosuppressive therapy no longer used for primary biliary
cirrhosis. No benefit, severe side effects, not recommended in
guidelines.

Liver transplant is an option only for people with end stage liver
disease or decompensated cirrhosis (10% of these people have
disease recurrence)



Obeticholic acid (OCA)

Conditional
marketing
authorisation

Granted on 12 December 2016

“primary biliary cholangitis (also known as primary biliary
cirrhosis) in combination with ursodeoxycholic acid (UDCA)
in adults with an inadequate response to UDCA or as
monotherapy in adults unable to tolerate UDCA”

Conditional on follow up studies to demonstrate clinical
benefits of reduced alkaline phosphatase and bilirubin levels
e.g. delayed liver fibrosis, cirrhosis, liver transplant, death

Administration

Oral tablet (5 mg or 10 mg)

& dosage Start on 5 mg/day, increase to 10 mg/day after 6 months
Duration of As long as person continues to benefit (dose

treatment reduced/interrupted for severe intolerability due to pruritis)
Cost £2,384.04 for 30 tablets (list price) > £29,005.78/year

A confidential patient access scheme has been approved




OCA mechanism of action

« OCAis farnesoid X
receptor (FXR) agonist
which:

| bile acid synthesis

« | uptake and 1
secretion of bile
acids in and out of
liver cells

* mediates anti-
inflammatory and
anti-fibrotic pathways

Source: CS Figure 1
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FXR regulation of biological pathways
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Patient perspective - the PBC
Foundation

Living with PBC has been described as “Living on an emotional and physical
rollercoaster”.

Symptoms vary from week to week and day to day, patients (and carers)
never know what PBC will bring on a day to day basis.

The main symptoms include: chronic fatigue (with the linked symptom of
cognitive impairment), pruritus, joint/muscle/bone pain, and nausea

The symptoms, just themselves, can have an enormously detrimental effect
on quality of life which leads to social isolation and reinforces negative
quality of life issues.

The diagnosis of an incurable, progressive disease, particularly one with
such a foreboding outline can lead to an insurmountable emotional burden.

Patients experience a lack of knowledge and understanding within medical
communities, particularly in primary care and district hospital levels. Itis
widely anticipated that a successful novel therapy for PBC will provide
opportunity for much needed education of medics about the PBC.
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Decision problem (final scope)

Population

People with primary biliary cirrhosis whose disease has an
inadequate response to, or who are unable to tolerate,
ursodeoxycholic acid (UDCA)

Intervention

OCA alone or in combination with UDCA

Comparators

For people whose disease has an inadequate response to
UDCA:

« UDCA alone or in combination with fibrates
For people who are unable to tolerate UDCA:

 Fibrates

* No additional treatment

Outcomes

* Mortality

« Liver function based on markers of liver biochemistry

« Symptoms, including pruritus, fatigue and abdominal pain

« Time to liver transplantation

* Primary biliary cirrhosis related events, including ascites,
varices, encephalopathy and HCC

« Adverse effects of treatment

« Health-related quality of life

11



Company deviations from the scope (1):
comparators

Company submission did not include fibrates, with the rationale that
fibrates:

« do not have a marketing authorisation for primary biliary cirrhosis in
the UK

* not standard of care

« contraindicated in primary biliary cirrhosis

« rarely used: [J§% of patients in the UK-PBC cohort (Jji}/2,245) have
ever taken fibrates for any condition (not necessarily for PBC)

« do not have proven efficacy; there only a limited number of studies of
fibrates in primary biliary cirrhosis, with the following challenges:

— small patient numbers

— all except 1 study was conducted in Japanese patients
— poor trial quality and high risk of bias

— significant safety concerns

12



Clinical effectiveness
evidence



POISE trial

Phase 3, randomised double-blind, placebo-controlled, parallel group trial.
Stratified randomisation according to:

— higher risk of developing clinical outcomes

— intolerance to UDCA

— presence or absence of biochemical response to UDCA treatment

59 sites in 13 countries including 7 sites in England and 2 sites in Scotland
Intervention: OCA 10 mg, OCA titration, placebo with or without UDCA

Primary outcomes:

— percentage of participants at 12 month achieving the composite endpoint: ALP

<1.67x ULN, and total bilirubin <ULN, and ALP decrease 215% from baseline
Secondary outcomes:

— percentage of patients having the primary endpoint in the OCA titration group at
Month 12,

— percentage of patients reaching the endpoint at Week 2, Month 3, Month 6 and
Month 9, and comparing the 10 mg OCA fixed dose group with the OCA titration
group at Month 6.

The primary variable for the long-term safety extension phase was the
percentage of patients having the composite endpoint based on previous
treatment in the double-blind phase



POISE trial

« Patients were stratified by the presence or absence of the following
biochemical response criteria and tolerance to UDCA treatment:

— ALP >3x ULN and/or AST >2x ULN and/or bilirubin >ULN, and intolerant
to UDCA or currently taking UDCA

— ALP >3x ULN and/or AST >2x ULN and/or bilirubin >ULN, and currently
taking UDCA or currently taking UDCA

* Arequest for titration to OCA 10 mg for the remainder of the double-blind
phase (Months 6-12) could be made by the investigator for patients who met
any of the following criteria at the Month 6 assessment:

— ALP 21.67x ULN, and/or

— Total bilirubin >ULN, or

— <15% ALP reduction at month versus the mean pre-treatment value, and
» Provided AEs did not limit the administration of the higher dose of OCA.



Design of the POISE trial

12-Month, Double-Blind Treatment Period
(ITT Population, N = 216)

If on UDCA: continue UDCA

Source: CS p.49

Placebo (n = 73)

10mg(n=73)

Remained on 5 mg (n = 36)

I ] | I | I | | | |

3 6 9 12

Time (months)

BL — baseline, UDCA — ursodeoxycolic acid
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Overview of POISE trial

Randomised (n=217)

\ 4

Placebo (n=73)

\ 4

y

Titration (n=73)

.| Completed Month
6 visit (n=70)

.| Completed Month
12 visit (n=70)

10 mg fixed dose
OCA (n73)

Completed Month
6 visit (n=69)

.| Completed Month
12 visit (n=64)

\ 4

.| Completed Month
6 visit (n=64)

.| Completed Month
12 visit (n=64)

Discontinued (n=3)
Withdrew consent (n=1)

Discontinued (n=7)
Withdrew consent (n=2)
Clinical/laboratory AE

Discontinued (n=9)
Withdrew consent (n=1)
Clinical/laboratory AE

Clinical/laboratory AE (n=3) (n=1)
(n=2) Pruritus (n=1), Pruritus (n=7)
Death (n=1)

A 4

A 4

y

Enrolled in the LSTE
phase (n=66)

Enrolled in the LSTE

phase (n=63)

Enrolled in the LSTE
phase (n=64)

Source: CS Figure 11




POISE baseline characteristics

» 81% of patients were younger than 65 years old.

e 91% female

» 11 patients were UDCA intolerant

Placebo | OCA titration | OCA 10 mg

(n=73) (n=70) (n=73)
Mean age, years (SD) 55.5 (10.0)] 55.8 (10.5) 56.2 (11.0)
BMI<30 kg/m? 79% 83% 84%
Pre-treatment liver biopsy 10% 19% 12%
UDCA use at baseline 93% 93% 92%
Baseline liver parameters, ITT population
ALP >3x ULN 32% 27% 27%
Total bilirubin >ULN 10% 6% 10%

ursodeoxycholic acid; ULN, upper limit of normal

ALP, alkaline phosphatase; BMI, body mass index; OCA, obeticholic acid; SD, standard deviation; UDCA,

Source: Tables 20, 22 CS.
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POISE results

Primary outcomes

Responders at Month 12
Placebo (n=73) 10%
10 mg OCA (n=73) 47%
Titration OCA (n=70) 46%
Titration subgroup
Remained at 5 mg OCA for 12 months (n=36) |[53%
Titrated to 10 mg OCA at Month 6 (n=33) 39%

ALP reduction from baseline 240% at Month 12

é Placebo (n=73) 1%

§ 10 mg OCA (n=73) 34%

5 Titration OCA (n=70) 30%

_g Mean total bilirubin levels at Month 12

S |Placebo (n=73) 13.2 (SE 1.0)

§ 10 mg OCA (n=73) 9.7 (SE 0,6)
Titration OCA (n=70) 9.9 (SE 0.6)

Source: CS table 23 and ERG report p. 49
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Adverse events

Placebo | OCA titration | OCA 10 mg

Participants, n (%) n=73 =70 n=73
Any TEAE 66 (90) 65 (93) 69 (95)
Any treatment-related AE 38 (52) 42 (60) 54 (74)
Any SAEs 3 (4) 11 (16) 8 (11)
Mild TEAEs 29 (40) 16 (23) 19 (26)
Moderate TEAEs 28 (38) 7 (39) 29 (40)
Severe TEAEs 9 (12) 2 (31) 21 (29)
Any TEAE leading to discontinuation 2 (3) 5 (7) 8 (11)
Pruritus 27 (37) 35 (50) 48 (66)
Fatigue 8 (11) 6 (9) 6 (8)
Nausea 4 (5) 3 (4) 4 (5)
Discontinuation due to pruritus 0 (0) 1(1) 7 (10)
Number of deaths 0 (0) 1(1) 0 (0)

AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event

Source: CS table 37
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ERG comments

No trials comparing OCA with fibrates were identified.

The group receiving OCA as monotherapy is underrepresented in the
POISE trial (11 patients).

The majority of patients in POISE appeared to be at an earlier stage
of disease so the effects on those with more advanced disease are
less clear.

The POISE trial only examined surrogate outcomes; OCA showed
positive effects on surrogate endpoints, and there is some evidence
that surrogate endpoints are related to relevant outcomes. However,
the size of the relationship is unclear.

Two extension studies to POISE trial were not similar enough to be
pooled with POISE trial. Clinical outcomes await the publication of
the COBALT trial which is estimated to be in 2022.



Cost effectiveness
evidence



Model structure

{ Liver disease component ]

I PBC re-emergence ]

PBC biomarker
component

Low risk /
Pre-liver | _’[ Liver ] Post liver
) N transplant transplant transplant
= Moderate 7\
Model risk
entry Decompensated ]
cirrhosis )

Severe risk

Hepatocellular
carcinoma

Source: CS Figure 24 23



Model detalls

De novo model, lifetime horizon, 3.5% discount for utilities and costs;
3 month cycle length
Model comprises 2 parts:

— biomarker component based on surrogate outcomes of ALP and
bilirubin biomarkers in three different health states based on the
expected risk of disease progression:

 low risk (ALP < 1.67 x ULN [ALP < 200 units/L));

* moderate risk (ALP > 1.67 x ULN and total bilirubin; TB < 1.0 x ULN)

« severe risk (TB > 1.0 x ULN [TB > 20 ymol/L] or compensated
cirrhosis);

— liver disease component based on clinical endpoints:

 pre-liver transplant,

« decompensated cirrhosis,

» hepatocellular carcinoma (HCC),

* liver transplant,

» post-liver transplant state,

 potential PBC re-emergence and death.



Clinical data used in the model

« Data from the POISE trial and literature was used to
estimate transition probabilities between the health states
In the biomarker component of the model.

* The literature was used to estimate and extrapolate the
transition probabilities for the health states in the liver
disease component of the model.
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Transition probabillities

TPs between health states in the PBC-specific component of the model

* Inits base case, the company used different methods to derive TPs for each treatment arm in the
PBC-specific component of the model: trial data for OCA and published literature for comparators

— OCA monotherapy and combination with UDCA: patient-level data from POISE (TPs for
OCA monotherapy were based on data from patients who received OCA with UDCA)

» Rationale: insufficient data from POISE for OCA monotherapy

— No treatment (for people who cannot tolerate UDCA): TPs from published literature
(Corpechot 2000 study of UDCA vs. no active treatment in PBC)

» Rationale: insufficient data from POISE (n=5) and not appropriate to assume the same
TPs for UDCA-intolerant population and UDCA inadequate-responders (who continue to
benefit from UDCA)
— UDCA (for people whose disease responded inadequately to UDCA): TPs based on
patient-level POISE data, adjusted using published literature (GLOBE and UK risk scores)
» Rationale: The company expected UDCA inadequate responders to get worse after the
end of the trial but TPs were not available for the full time horizon.

TPs from the PBC-specific health state (“abnormal bilirubin and rising, or compensated
cirrhosis”) to the more severe liver-specific health states

«  Derived from published literature (see table 54 of the company submission)



Use of HRQoL data in the model

HRQoL is assumed to be constant in each of the biochemistry states, (the
utility for patients in a certain health state does not change over time).

HRQoL worsens as patients proceed from the biochemistry component to
the liver disease component of the model.

Utility values used in the cost-effectiveness analysis have been adjusted.

The following health states in the liver disease component of the model had
their corresponding utility values decreased by [} to simulate the
worsened HRQoL experienced by PBC patients in comparison to
HBV/HCV patients, as an interpretation of KOL feedback by the company:

— decompensated cirrhosis,

— pre-transplant at listing, 3 and 6 months after listing health states

— 3, 6, 12 and 24 months post liver transplant health states
Clinical experts verified company’s assumptions that PBC patients are
likely to have worse utility values than HCV/HBV patients despite being in
the same health state except of patients with hepatocellular carcinoma.



Utilities

State Utility Primary source

Low risk 0.84 Younossi et al. 2001
Moderate risk 0.84 Younossi et al. 2001
Severe risk 0.55 Wright et al. 2006
Decompensated cirrhosis B | Wright et al. 2006
Hepatocellular carcinoma 0.45 Wright et al. 2006
Pre-transplant; utility at listing B | Wright et al. 2006
Pre-transplant: 3 months after listing B | Wright et al. 2006
Pre-transplant: 6 months after listing B | Wright et al. 2006
Liver transplant: 3 months post-transplant B | Wright et al. 2006
Liver transplant: 6 months post-transplant B | Wright et al. 2006
Liver transplant: 12 months post-transplant e Wright et al. 2006
Liver transplant: 24 months post-transplant B | Wright et al. 2006
Re-emergence of PBC B | Wright et al. 2006

ALP, alkaline phosphatase; Bili, bilirubin; CC, compensated cirrhosis; CS, company submission; PBC,

cholangitis/cirrhosis

primary biliary

Source: CS Table 61




Health-state costs and resource use

Health states

Value

Low risk

ALP: =200 U/L and Bili:

Normal

Staff: £221 (1x Outpatient appointment, 1x outpatient follow-up)

Hospital costs: £27 (3 blood tests, 3 times per year, at a cost of £3)

Total: £248

Moderate risk

ALP: > 200 U/L and Bili:

Staff: £345 (1x Outpatient appointment, 2x outpatient follow-up
appointments)

Normal Hospital costs: £27 (3 blood tests, 3 times per year, at a cost of £3)
Total: £496

Severe risk Total: £6,254

Decompensated Total: £12,509

cirrhosis

Hepatocellular Total: £11,147

carcinoma

Pre-transplant (end
stage)

Total: £18,217

Re-emergence of PBC

Total: £248

Liver transplant

Total: £65,029

Follow-up 1 year after
liver transplantation

Total for 2 years divided by 2: £18,166

Follow-up 2 years after
liver transplantation

Total for 2 years divided by 2: £18,166

Source: CS table 66
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Company’s base case deterministic

results
UDCA intolerant population, using the PAS price of OCA
Total
Costs LYG QALYs ICER
No treatment £103,233 11.30 6.61 —
(placebo)
OCA titration £251,671 16.68 13.56 £21,351

UDCA inadequate responder population, using the PAS price of OCA

Total
Costs LYG QALYs ICER
UDCA + placebo £96,977 12.35 7.85 —
OCA titration + UDCA £261,791 16.78 13.68 £28,281

ICER, incremental cost-effectiveness ratio; LYG, life years gained; OCA, obeticholic acid; QALY, quality-adjusted
life year; UDCA, ursodeoxycholic acid.

Source: CS tables 23, 24 (erratum PAS price)
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Company’s deterministic sensitivity analyses

« The following parameters was investigated through one way
deterministic sensitivity analysis:

— Discontinuation probabilities

— Probabilities of experiencing an adverse event

— Ultility weights

— Transition probabilities

— Discounting

— The probability of death for the general population

— Adverse events costs and disease management costs (i.e. health
state costs)

* |n patients whose disease has inadequate response to UDCA
and UDCA intolerant patients, the most influential parameters
on the cost effectiveness results were the health states utility
values for the health states of the biomarker component of the
model and the transition probabilities between these health
states.



Company scenario 1
Use of original HCV utility values

Scenario 1 analysis: UDCA intolerant patients

Technologies Total Incremental

Costs LYG | QALYs Costs LYG | QALYs ICER
No treatment £103,233 | 11.30 6.91 — — — —
(placebo)
OCA titration £251,671 | 16.68 | 13.61 | £148,439 [ 5.38| 6.70 £22,160
Scenario 1 analysis: UDCA inadequate responders
Technologies Total Incremental CER

Costs LYG QALYs Costs | LYG | QALYs

UDCA+ £96,977 | 12.35 | 8.1 - - - -
placebo
OCA titration
+ UDCA £261,791 | 16.78 13.72 [£164,814 | 4.43 5.61 £29,374

ICER, incremental cost-effectiveness ratio; LYG, life years gained; OCA, obeticholic acid; QALY, quality-adjusted life
year; UDCA, ursodeoxycholic acid.

Source: Table 35 and 36, CS erratum PAS price
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Company scenario 2
Use of alternative transition probabilities

Scenario 2 analysis: UDCA intolerant patients

Total I tal

Technologies o8 neremen’a ICER
Costs LYG QALYs Costs LYG | QALYs

Notreatment | oo/ 747 | 10.89 | 6.39 _ _ _ _
(placebo)
OCA titration | £250,303 | 16.61 13.52 |[£155,586| 5.73 7.13 £21,824
Scenario 2 analysis: UDCA inadequate patients

Total Incremental
Technologi
echnologies Costs LYG QALYs Costs LYG | QALYs ICER
UDCA + £89.666 | 12.00 | 7.67 _ _ _ _
placebo
OCA titration
+ UDCA £260,540 | 16.72 13.65 |£170,874 | 4.72 5.98 £28,596

ICER, incremental cost-effectiveness ratio; LYG, life years gained; OCA, obeticholic acid; QALY, quality-adjusted life
year; UDCA, ursodeoxycholic acid.

Source: Table 37 and 38, CS erratum PAS price
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ERG comments

* The decision to exclude fibrates as a comparator is
iInconsistent with the scope and may not be appropriate.

« There is an ongoing study on PBC patients treated with
fibrates and that treatment with fibrates may present a
viable comparator in the future.

* Improvements in surrogate outcomes were not reflected
in the disease specific quality of life tool (PBC-40) over
the 12 month period.



ERG comments

« Concerns regarding the model structure:
— Biomarker component:

« Aggregation of two different health states into one
(compensated cirrhosis and abnormal total billirubin count)

 Patients receiving OCA treatment and who are in the low and
moderate risk biomarker component health states at the end
of the first year remain there for the remainder of their lives.
This holds for UDCA but may not hold for OCA. The ERG
conducted the exploratory analysis (please see more in the
next slides)

— Liver disease component:

« Company’s model diverges from those used in other liver
diseases in that an additional pre-liver transplant health state
was introduced (compared to, for instance, TA 330). It groups
patients together that came from different health states (HCC,
DCC, severe risk) and who may experience different HRQoL.



ERG comments

 Population

— Patients enter the biomarker component of the mode in the
moderate (76.85%) and severe risk (23.15%) health states
which is not reflective of the proportion of patients entering the
POISE study in the severe risk health state (8.42%). This leads
to more patients in the model remaining in the severe risk
health state and moving to more severe disease (the liver
disease component in the model). This in turn would potentially
bias model outcomes in favour of OCA

— The ERG considers that the proportions of patients entering the
model in the moderate and severe risk health states should be
based on data from POISE. Although the company state that
the proportions entering the model are derived from POISE, it is
not clear how this was done.



ERG comment on transition
probabilities

 The ERG’s concerns with estimating transition
probabilities in the biomarker component are:

1. Discrepancy between the transition probabilities reported
iIn company submission Table 49 and those used in the
economic model.

2. Assumption of no discontinuation beyond 12 months

3. Usage of unclear calibration methods based on the
literature instead of the POISE trial for the non-OCA
regimen for inadequate responders to UDCA,
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ERG exploratory analyses

Used transition probabilities in the company submission for
biomarker component because of a discrepancy with the numbers
used in the model

Used unadjusted transition probabilities from POISE for the non-
OCA regimen (for biomarker component of the model)

Proportions in the starting health states from POISE
NHS reference costs for outpatient visits

Health state costs of £1,561 for compensated cirrhosis consistent
with TA330 for the severe risk health state in the biomarker
component) (instead of £6,254)

Used age-dependent utilities (from the UK general population) for
the low and moderate risk health states in the biomarker component
of the model

Removed the ] HRQoL decrements (in the liver disease
component of the model)



ERG base case

UDCA inadequate responders — OCA PAS price

Incremental results

AQALY | ACosts | ICER
Company base-case (deterministic)’ 5.79|£164,551|£28,425
;.rOthlSiﬁtit:::repanmes between transition 5.83| £164.806|£28.280
,[Zr;eu:jnt_rgrés:feng:or;c;t:]abllltles from POISE for 5.20| £171.036| £32.897
3. POISE trial proportion in starting health states 5.55(£170,482|£30,736
4. Use NHS reference costs for outpatient visits 5.83| £165,453|£28,394
5. Use health state costs consistent with TA330 5.83|£180,737|£31,017
6. Use UK age-dependent utility values 4.93| £164,808|£33,458
7. Remove [l utility decrement 5.61| £164,808|£29,377
ERG base-case (deterministic) 4.17|£189,968|£45,541
ERG base-case (probabilistic) 4.22| £189,706|£44,945

ICER, incremental cost-effectiveness ratio; NHS, National Health Services; OCA, obeticholic acid; QALYs, quality-

adjusted life years; UDCA, ursodeoxycholic acid

Source: ERG report PAS appendix, table 3
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ERG base case

UDCA intolerant patients — OCA PAS price

Incremental results

AQALY | ACosts | ICER

Company base-case (deterministic) 6.91] £148,210(£21,438
1. lem_g_ .dlscrepanmes between transition 6.95| £148,438| £21 351
probabilities’

2. Use transition probabilities from POISE for the

non-OCA regimen 6.56| £151,875|£23,152
3. POISE trial proportion in starting health states 6.89| £152,275| £22,111
4. Use NHS reference costs for outpatient visits 6.95(£149,461|£21,500
5. Use health state costs consistent with TA330 6.95| £166,622|£23,969
6. Use UK age-dependent utility values 5.92|£148,441|£25,085
7. Remove [Jutility decrement 6.70| £148,441|£22,162
ERG base-case (deterministic) 5.38| £173,399(£32,217
ERG base-case (probabilistic) 5.46|£173,001(£31,682

ERG, Evidence Review group; ICER, incremental cost-effectiveness ratio; NHS, National Health Services; OCA,
obeticholic acid; QALYs, quality-adjusted life years; UDCA, ursodeoxycholic acid

Source: ERG report PAS appendix table 4
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ERG exploratory analyses

UDCA inadequate responders — OCA PAS price

Incremental results

AQALY | ACosts ICER
ERG base-case (deterministic) 4.17| £189,968 £45,541
ERG base-case (probabilistic) 4.22| £189,706 £44.945
1. Use transition probabilities and model 3.80| £221,832 £58,412
structure from TA330
2. Using transition probabilities based on 2.59| £206,182 £79,668
the POISE trial after 12 months for the non-
OCA treatment arms
3. Assume that transition probabilities 3.75| £185,078 £49,294
between biomarkers health states of the
OCA arm are >0%
4. Use alternative costs for liver transplant 4.17] £191,025 £45,794

ICER, incremental cost-effectiveness ratio; OCA, obeticholic acid; QALYs, quality-adjusted life years; UDCA,

ursodeoxycholic acid

Source: ERG report PAS appendix, table 9
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ERG exploratory analyses

UDCA intolerant patients — OCA PAS price

Incremental results

AQALY | ACosts ICER
ERG base-case (deterministic) 5.38| £173,399| £32,217
ERG base-case (probabilistic) 5.46| £173,001| £31,682
1. Use transition probabilities and model structure 491 £214,417| £43,686
from TA330
2. Using transition probabilities based on the 2.61| £202,848| £77,715
POISE trial after 12 months for the non-OCA
treatment arms
3. Assume that transition probabilities between 4.97| £168,979| £34,031
biomarkers health states of the OCA arm are >0%
4. Use alternative costs for liver transplant 5.38| £174,703| £32,459

ICER, incremental cost-effectiveness ratio; OCA, obeticholic acid; QALYs, quality-adjusted life years; UDCA,

ursodeoxycholic acid

Source: ERG report PAS appendix, table 10
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Innovation

OCA is a rationally designed FXR agonist that is the first to provide a
novel, innovative therapy for patients with PBC.

OCA has the potential to make a substantial and meaningful
improvement in the quality and quantity of life for patients with PBC
by providing an alternative or additional efficacious treatment option
that will reduce the risk of, delay, or prevent the need for liver
transplant.

OCA offers a unique therapeutic modality, providing both
hepatoprotective effects and potent and selective FXR-mediated
effects, to patients who are currently at continued risk of
hepatocellular carcinoma, fibrosis, cirrhosis and progression to liver
transplantation or death.

Anti-inflammatory effects of OCA may also contribute to the
prevention of bile duct loss

It would the only effective drug for patients who do not have an
adequate response to, or who are intolerant to, UDCA.



Equality issues

« People with PBC face stigma in society because of the
negative connotations of the term ‘cirrhosis’ and the
association with alcoholism and drug abuse. This is one
of the reasons that PBC has recently undergone a name
change to primary biliary cholangitis

« PBC is arare disease and it is essential that patients
have the same opportunities to gain access to new
treatments

« PBC mainly affects women, which itself presents a
challenge with diagnosis since the early symptoms of
PBC are often wrongly dismissed as menopausal
symptoms or depression



Key issues for consideration:
cost effectiveness

Are primary outcome used in the POISE trial appropriate for
modelling lifetime impact of OCA on liver outcomes?

Do the health states in the model for low, medium and high risk PBC
reflect how patients are categorised in clinical practice?

Is it plausible to assume that patients remain in the same state while
on OCA?

s it appropriate to apply a relative [l reduction in utility for some
liver health states for people with PBC compared with Hepatitis B/C?
Is OCA an innovative transformative treatment for PBC in people
who don’t respond or an intolerant to UDCA?

Does the committee consider structure and transition probabilities
used in the company model or ERG exploratory analysis to best
represent the progression of PMB?
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Appendix B

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal
Obeticholic acid for treating primary biliary cirrhosis

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of obeticholic acid within its
marketing authorisation for treating primary biliary cirrhosis.

Background

Primary biliary cirrhosis (PBC), sometimes known as primary biliary
cholangitis, is a progressive autoimmune disease that affects the liver and
biliary system and destroys the small interlobular bile ducts. This prevents bile
flowing from the liver to the small intestine (cholestasis) and leads to a build-
up of bile in the liver cells, which damages the liver. PBC causes the formation
of excess fibrous connective tissue (fibrosis) and eventually may lead to
scarring of the liver (cirrhosis). The exact cause of PBC is not known,
although it is thought a combination of environmental and genetic factors may
play a part. The most common symptoms of PBC are itchy skin (pruritus) and
fatigue, however, up to half of people with PBC do not have any symptoms
until extensive liver damage occurs.

The estimated prevalence of PBC in England is approximately 18,900 people
based on 35 people per 100,000 being diagnosed with PBC* 2. In 2013 there
were 131 deaths from PBC in England and Wales>. Most people with PBC are
aged between 30 and 65 years, and around 90% of people with the condition
are women.

Treatment for PBC aims to alleviate symptoms and slow disease progression.
Ursodeoxycholic acid is the only current treatment available for primary biliary
cirrhosis. The estimated proportion of people whose disease have an
inadequate response to ursodeoxycholic acid ranges between 20% and
70%"*. Fibrates have been used in clinical practice alone and in combination
with ursodeoxycholic acid for people whose disease has an inadequate
response to, or are unable to tolerate ursodeoxycholic acid. Symptomatic
treatment of pruritus related to PBC includes the use of cholestyramine,
rifampicin or naltrexone. Liver transplantation is the only treatment that can
improve prognosis for people with PBC who have end-stage liver disease,
however, the disease can recur following transplantation.

The technology

Obeticholic acid (brand name unknown, Intercept Pharmaceuticals) is a
farnesoid-X receptor agonist and modified bile acid derived from the
endogenous human bile acid chenodeoxycholic acid. It is administered orally.

National Institute for Health and Care Excellence
Final scope for the appraisal of obeticholic acid for treating primary biliary cirrhosis
Issue Date: August 2016 Page 1 of 3
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Obeticholic acid does not currently have a marketing authorisation in the UK
for primary biliary cirrhosis. It is being studied in clinical trials alone and in
combination with ursodeoxycholic acid compared with placebo alone or in
combination with ursodeoxycholic acid in adults whose disease had an
inadequate response to ursodeoxycholic acid or who were unable to tolerate
ursodeoxycholic acid.

Intervention(s) Obeticholic acid alone or in combination with
ursodeoxycholic acid

Population(s) People with primary biliary cirrhosis whose disease has
an inadequate response to, or who are unable to
tolerate, ursodeoxycholic acid.

Comparators For people whose disease has an inadequate response
to ursodeoxycholic acid:

¢ Ursodeoxycholic acid alone or in combination
with fibrates

For people who are unable to tolerate ursodeoxycholic
acid:

e Fibrates

e No additional treatment

Outcomes The outcome measures to be considered include:
e mortality

e liver function based on markers of liver
biochemistry

e symptoms, including pruritus, fatigue and
abdominal pain

e time to liver transplantation

e primary biliary cirrhosis related events, including
ascites, varices, encephalopathy and hepatic cell
carcinoma

e adverse effects of treatment

e health-related quality of life.

National Institute for Health and Care Excellence
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Economic
analysis

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

The reference case stipulates that the time horizon for
estimating clinical and cost effectiveness should be
sufficiently long to reflect any differences in costs or
outcomes between the technologies being compared.

Costs will be considered from an NHS and Personal
Social Services perspective.

Other
considerations

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

Related NICE
recommendations
and NICE
Pathways

Related Guidelines:

Clinical Guideline in Preparation, ‘Assessment and
management of cirrhosis’. Earliest anticipated date of
publication May 2016.

Related NICE Pathways:

NICE Pathway: Liver conditions, Pathway created: Mar
2014. http://pathways.nice.org.uk/pathways/liver-
conditions

Related National
Policy

NHS England commissions specialist services for
Primary Biliary Cirrhosis under its policy for Liver
transplantation services in adults and children. Source:
Manual for prescribed specialised services Page 161

Department of Health (2013) NHS Outcomes
Framework 2014-2015, Domains 1, 2, 4 and 5

References

1. UK-PBC http://www.uk-pbc.com/about/aboutpbc/. Accessed July 2015

2. Office for National statistics (2013) Population Estimates for UK,
England and Wales, Scotland and Northern Ireland, Mid-2013.
Accessed July 2015

3. Office for National Statistics (2013) Mortality Statistics: Deaths
Registered in England and Wales. Accessed February 2015

4. Expert opinion at the scoping workshop
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal

Obeticholic acid for treating primary biliary cirrhosis [ID785]

Matrix of consultees and commentators

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

Intercept Pharmaceuticals (obeticholic
acid)

Patient/carer group

e Addenbrookes Liver Transplant
Association

Black Health Agency

British Liver Trust

Liver4Life

Muslim Council of Britain

South Asian Health Foundation
Specialised Healthcare Alliance
The PBC Foundation

Professional groups

e British Association for the Study of the
Liver

British Geriatrics Society

British Liver Nurses Forum

British Society of Gastroenterology
CORE - Digestive Disorders
Foundation

ESPRIT

Royal College of Anaesthetists

Royal College of Nursing

Royal College of Pathologists
Royal College of Physicians
Royal College of Surgeons
Royal Pharmaceutical Society
Royal Society of Medicine

UK Clinical Pharmacy Association
Others

e Department of Health

e NHS England

NHS Herts Valleys CCG (West)

Allied Health Professionals Federation
Board of Community Health Councils in
Wales

British National Formulary

Care Quality Commission

Department of Health, Social Services
and Public Safety for Northern Ireland
Healthcare Improvement Scotland
Medicines and Healthcare Products
Regulatory Agency

National Association of Primary Care
National Pharmacy Association

NHS Alliance

NHS Commercial Medicines Unit

NHS Confederation

Scottish Medicines Consortium

Welsh Association of Gastroenterology
and Endoscopy (WAGE)

Comparator companies

Royal College of General Practitioners

AAH Pharmaceuticals (bezafibrate,
ciprofibrate, gemfibrozil)

Actavis UK (bezafibrate,

Alliance Healthcare (bezafibrate,
ciprofibrate, ,gemfibrozil)

DE Pharmaceuticals (bezafibrate,
ciprofibrate, gemfibrozil)

Dr Falk Pharma UK (ursodeoxycholic
acid)

Mawdsley Brooks& Company
(bezafibrate, gemfibrozil)

Mylan (bezafibrate)

Norgine (ursodeoxycholic acid)
Pfizer (gemfibrozil)

Phoenix Healthcare Distribution
(bezafibrate, ciprofibrate, gemfibrozil)
Primegen (ciprofibrate)
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Consultees Commentators (no right to submit or
appeal)

e NHS North Norfolk CCG e Sandoz (bezafibrate)

e Welsh Government e Sigma Pharmaceuticals (bezafibrate,

ciprofibrate, gemfibrozil)

e Teva UK (bezafibrate, gemfibrozil)

e Tillomed Laboratories (gemfibrozil)

e Waymade Healthcare (bezafibrate,
gemfibrozil)

e Wockhardt UK (ursodeoxycholic acid)

Relevant research groups

Cochrane Hepato-Biliary Group
Foundation for Liver Research

MRC Clinical Trials Unit

National Institute for Health Research

Associated Public Health Groups
e Public Health England
e Public Health Wales

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.

PTO FOR DEFINITIONS OF CONSULTEES AND COMMENTATORS
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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 markets 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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1 Executive summary

Primary biliary cholangitis (PBC), previously known as primary biliary cirrhosis, is a rare,
progressive, debilitating autoimmune liver disease that follows an unpredictable course
and that, if inadequately controlled, leads to complications (including ascites, varices and
portal hypertension), liver transplant, and death. The course of the disease involves bile
duct loss, which leads to the accumulation of toxic bile acids in the liver, resulting in
inflammation, fibrosis and cirrhosis. There is currently no predictor to indicate which
patients will progress slowly or rapidly, although patients with earlier age of onset and/or
male sex often have more aggressive disease that is refractory to existing treatment (1).

There are considerable healthcare costs associated with PBC. In 2014/15, there were
707 hospital admissions in England for PBC, 963 consultant episodes, 3,767 bed days,
and at least 45 liver transplants (2, 3). The cost of PBC increases with the stage of the
disease, with a liver transplant itself reported to cost £64,452 in 2014 (4). Whilst the
demand for liver transplantation is increasing, supply is stable. PBC is one of the most
frequent indications for liver transplantation in Europe (5, 6), although, due to the rapid
decline of PBC patients, once they qualify for inclusion on the transplant waiting list they
are more likely to die before transplant than patients with other liver diseases (for
example hepatitis C, alcoholic liver disease, and hepatitis B) (7).

PBC is significantly more prevalent in women, with age of diagnosis typically between 30
and 65 years (8). At the point of diagnosis patients will have lived with symptoms of the
disease for a median of 5.6 years. In POISE (the pivotal Phase 3 trial for obeticholic acid
[OCA]), 91% of patients were female with a mean age of 55.8 years and mean age at
diagnosis of 47.3 years. These patients will have spent additional time uncontrolled on
ursodeoxycholic acid (UDCA) experiencing disease progression before being eligible for
the trial. The majority of patients are of working age in the UK (81% of patients in POISE
were <65 years old. Therefore, PBC is also likely to have an impact on societal costs,
due to lower productivity and the inability to work. In addition, patients diagnosed at a
young age are more likely to have more rapidly progressing disease, which can have a
devastating effect on their families.

The current management of PBC focuses on reducing biochemical markers, initially
alkaline phosphatase (ALP) levels, and in the more severe stages, bilirubin, in order to
minimise the risk of long-term progression (9). Currently, the only licensed treatment for
PBC is UDCA, which has been shown to be effective in increasing transplant-free
survival (10). However, up to 74% of patients have an inadequate response to, or are
unable to tolerate, UDCA (1, 11-14), and there are currently no available treatment
options for these patients. Therefore, they are at significantly increased risk of clinical
complications, the requirement of liver transplant, hepatocellular carcinoma (HCC), or
death (1, 11-13, 15-19).

OCA is a novel, rationally designed drug, targeting the farnesoid X receptor (FXR), which
represents a step-change in the treatment of PBC. It is the first treatment to provide a
novel, innovative mechanism of action for patients with PBC, and is the first drug to be
developed for patients with PBC in nearly 20 years. It is used in combination with UDCA
as adjunct therapy in those patients with PBC who have an incomplete response to
UDCA, and where ALP is already significantly elevated, to prevent disease progression.
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It is also intended to be used as monotherapy in those who are intolerant to UDCA. OCA
received orphan drug designation by the EMA for the treatment of PBC in July 2010 (20).
FXR activation leads to a reduction in toxic bile acids in the liver by decreasing their
synthesis and facilitating their transportation from the liver (21). OCA is a once-daily
tablet that has been shown to clinically and statistically significantly reduce the clinically
relevant biomarkers (alkaline phosphatase [ALP] and bilirubin), the underlying immune
response as indicated by TNF alpha and IgG and downstream indicators of liver damage
(hepatocellular transaminases) in patients who have an inadequate response to, or who
are intolerant to, UDCA. It has been shown that achieving ALP <1.67x ULN, which
equates to 200 U/L, and bilirubin <1 mg/dL is the most discriminating algorithm for
predicting clinical outcomes such as varices, ascites, death or liver transplantation (17).
Therefore, POISE assessed response by looking to demonstrate clinically and
statistically meaningful reductions in ALP and bilirubin:

e ALP <1.67x ULN, which equates to 200 U/L, and

e Total bilirubin <ULN, which equates to 20 pmol/L (1.17 mg/dL), and

e A 15% decrease from baseline in ALP so that patients who had only a small
change from slightly above 200 U/L at baseline were excluded.

This aggressive responder criteria will mean that patients who experience a clinically
relevant improvement may not be classified as a responder as their ALP does not fall
below 200 U/L.

In conclusion, there are both high clinical and patient unmet needs in PBC, with no
treatment options for patients who have an inadequate response to, or are intolerant to,
UDCA. These patients are at increased risk of complications, the requirement of a liver
transplant, HCC, and death (1, 11-13, 15-19). OCA provides a novel and innovative
treatment option for these patients, showing clinically and statistically significant benefits
in terms of reductions in inflammatory markers compared with placebo (with or without
UDCA, depending on tolerability). Treatment with OCA should therefore prevent or slow
the progression of the disease, providing benefit to the patient as well as avoiding costly
downstream outcomes, e.g. ascites, and liver transplantation. OCA provides a long-
awaited treatment option for PBC, and is a cost-effective use of NHS resources (see
Section 1.4).
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1.1 Statement of the decision problem

Table 1: The decision problem

Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final
NICE scope

Population

People with primary biliary cirrhosis™ whose
disease has an inadequate response to, or who
are unable to tolerate, ursodeoxycholic acid

As per scope

Not applicable

Intervention

OCA alone or in combination with UDCA

As per scope

OCA is taken in combination with
UDCA for people whose disease has
an inadequate response to UDCA,
and as monotherapy in people who
are unable to tolerate UDCA

Comparator(s)

For people whose disease has an inadequate
response to UDCA:

e UDCA alone or in combination with fibrates
For people who are unable to tolerate UDCA.:

o Fibrates

¢ No additional treatment

For people whose disease has an
inadequate response to UDCA, the
following comparators were
considered:

e UDCA

For people who are unable to
tolerate UDCA, the following
interventions were considered:

e Placebo

Fibrates are not licensed in the UK,
nor are they standard of care, and
they are contraindicated in PBC (22,
23). They are rarely used, with only
I of patients in the UK-PBC
cohort having ever taken fibrates for
any condition (not necessarily for
PBC) (24).

Their efficacy is yet to be proven,
with only a limited number of studies
reporting results for the use of
fibrates in PBC (25-29), with the
following challenges:

e The studies were investigator-
initiated and only had small
patient numbers

¢ All but one study were
conducted in Japanese patients

¢ In addition, there are significant




Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final
NICE scope

safety concerns with the use of
fibrates in PBC, with one study
(28) reporting three deaths in 13
patients in the UDCA + fibrates
arm compared with no deaths in
14 patients in the UDCA
monotherapy arm. In addition,
one patient developed HCC in
the fibrates + UDCA arm,
compared with none in the
UDCA monotherapy arm (28).

Outcomes

The outcome measures to be considered
include:

e Mortality

e Liver function based on markers of liver
biochemistry

e Symptoms, including pruritus, fatigue and
abdominal pain

e Time to liver transplantation

e PBC-related events, including ascites,
varices, encephalopathy and HCC

e Adverse effects of treatment
¢ HRQoL

Surrogate efficacy outcomes are

included in POISE:

e Liver function biomarkers (ALP
and bilirubin)

e Other biomarkers relevant to
PBC (GGT, AST, ALT, FGF-19,
CK-18 and bile acids)

¢ Inflammation biomarkers (CRP,
TNF-a, TGF-B and IL-6)

¢ Non-invasive evaluations of
fibrosis (ELF and FibroScan®
TE)

Due to the rare and chronic nature of
PBC and the slow progression in
most patients, a long-term trial is
required to capture clinical outcomes
such as mortality, transplant-free
survival, and the incidence of
complications. The primary outcome
measured in POISE related to
combined ALP and bilirubin levels,
which have both been shown to be
strongly correlated with disease
prognosis (15, 17, 18). Other
biomarkers relevant to PBC,
inflammation biomarkers, and non-
invasive evaluations of fibrosis have
been included to further support
changes in disease progression.
There is currently a long-term Phase
3b trial ongoing, COBALT (see
Section 4.14), that aims to capture
clinical outcomes and should support
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final
NICE scope

the longer-term impact of OCA on
PBC already shown in POISE.

Economic analysis

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

The reference case stipulates that the time
horizon for estimating clinical and cost
effectiveness should be sufficiently long to
reflect any differences in costs or outcomes
between the technologies being compared.

Costs will be considered from an NHS and
personal social services perspective.

As per scope

Not applicable

Subgroups to be
considered

Not applicable

Not applicable

Not applicable

Special considerations
including issues related
to equity or equality

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

Equality document

People with PBC face stigma in
society because of the negative
connotations of the term ‘cirrhosis’
and the association with alcoholism
and drug abuse (30). In addition,
PBC is a rare disease affecting
mainly women, and it is essential
that patients have the same
opportunities to gain access to new
treatments.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CK-18, cytokeratin-18; CRP, C-reactive protein; ELF, enhanced liver

fibrosis; FGF-19, fibroblast growth factor-19; GGT, gamma-glutamyl transpeptidase; HRQol, health-related quality of life; HCC, hepatocellular carcinoma; IL-6, interleukin-6;
NHS, National Health Service; NICE, National Institute for Health and Care Excellence; OCA, obeticholic acid; OD, once daily; PBC, primary biliary cholangitis/cirrhosis; TE,
transient elastography; TGF; transforming growth factor; TNF, tumour necrosis factor; UDCA, ursodeoxycholic acid.
TNote that primary biliary cirrhosis has recently undergone a name change to primary biliary cholangitis. At the time of consultation with NICE, the official name was primary
biliary cirrhosis and, as such, this is reflected in this table.
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1.2 Description of the technology being appraised
Table 2: Technology being appraised

UK approved name and brand | Obeticholic acid (OCALIVA®)

name

Marketing authorisation/CE Awaiting European marketing approval. CHMP positive opinion

mark status is expected on 14" October 2016, with EMEA marketing
authorisation expected mid-December 2016.

Indications and any Indication:

restriction(s) as described in | The treatment of PBC in combination with UDCA in adults with

the summary of product an inadequate response to UDCA or as monotherapy in adults

characteristics unable to tolerate UDCA.

Contraindications:

e Complete biliary obstruction

e Hypersensitivity to the active substance or to any of the
following excipients: microcrystalline cellulose; sodium
starch glycolate (Type A); magnesium stearate; poly(vinyl
alcohol), partially hydrolysed (E1203); titanium dioxide
(E171); macrogol 3350 (E1521); talc (E553b); iron oxide
yellow (E172).

Method of administration and | Provided as a film-coated tablet containing 5 mg or 10 mg
dosage OCA. The recommended starting dose is 5 mg taken orally,
once daily. Based on the assessment of tolerability after 6
months, the dose should be increased to 10 mg once daily to
achieve optimal response.

Abbreviations: CHMP, Committee for Medicinal Products for Human Use; PBC, primary biliary cholangitis;
UDCA, ursodeoxycholic acid.

1.3 Summary of the clinical effectiveness analysis

The clinical study programme for OCA includes one pivotal Phase 3 study (POISE),
which forms the main efficacy evidence for OCA, and two phase 2 studies (and
extensions) providing supportive evidence.

The double-blind phase of POISE was a 12-month, international, multicentre, Phase 3,
placebo-controlled study with a double-blind, randomised, parallel-group design in
subjects aged 218 years with PBC who had previously failed treatment with UDCA or are
intolerant to UDCA. The study is the largest PBC clinical trial to date, and was designed
with input from the UK and global PBC group to assess the efficacy, safety, and
tolerability of OCA. The primary efficacy endpoint was achieved.

Treatment with OCA resulted in clinically and statistically significant improvements from
placebo as assessed by a composite ALP and total bilirubin endpoint (ALP <1.67x ULN
[200 U/L], bilirubin <ULN [20 umol/L] and =215% decrease from baseline in ALP). ALP is
a key biochemical marker for the progress of PBC, and elevated bilirubin is more
indicative of end-stage disease. The reduction of both has been shown to translate into
reduced risks of complications, liver transplantation, and death (17). Furthermore, as
secondary endpoints, the effect of OCA on several other independent biochemical
response criteria (i.e. Paris I, Paris Il, Toronto Il, and Mayo Il), all of which are shown




to correlate with improved prognostic outcomes, were supportive of the potential
effect of OCA in inhibiting the progression of PBC and improving clinical outcomes.

Other secondary endpoints, including several biochemical markers of cholestasis,
inflammation, hepatobiliary injury, fibrosis, and apoptosis, demonstrated clinically and
statistically significant improvements compared with placebo that were sustained
during the 12-month period. These improvements in IgM, CRP, and CK-18 values,
paralleled by the improvement in liver biochemistry due to FXR-mediated effects on
bile acid homeostasis, are further supportive of a beneficial disease-modifying effect
of FXR activation over at least a 12-month period.

Subgroup analyses demonstrated that the effect of OCA on achieving the primary
composite endpoint and changes in ALP and total bilirubin were independent of age
at diagnosis, duration of PBC, and baseline ALP. In general, the baseline and
demographic subgroup analyses were consistent with the observed effect in the
overall population, in that OCA-treated subjects had more favourable outcomes than
subjects receiving placebo. For subjects receiving BAS, efficacy was modestly
attenuated in subjects receiving OCA 5 mg but was not affected in subjects receiving
OCA 10 mg.

Based on the clinical response and adverse event profile, initiating subjects on OCA
5 mg and titrating to 10 mgq is the optimal dosing strategy. For some subjects, the
composite endpoint was achieved with 5 mg OCA, however, an additional
incremental benefit was gained by titrating to 10 mg OCA in those that failed to
achieve an optimal response within 6 months of initiating treatment, and this is
therefore the recommended dosing strategy for all patients according to the summary
of product characteristics (SmPC). It is important to note that the benefit of up-
titrating is not fully captured in POISE, since patients in the titration arm who reached
the primary endpoint criteria did not up-titrate at 6 months and therefore did not
receive any additional benefit from a higher (10 mg) dose for the second 6 months.

An ongoing long-term safety extension (LTSE) of POISE has shown continuing efficacy
of OCA in terms of ALP and bilirubin levels. Evidence from two Phase 2 studies and their
LTSEs provide further support for the efficacy of OCA observed in POISE.

OCA was generally well tolerated, with pruritus being the most commonly reported
adverse reaction. However, it is important to consider that pruritus is a common side
effect of PBC; 63% of patients in POISE had a history of pruritus. Therefore, patients and
their clinicians are typically familiar with the condition and its management.

In conclusion, OCA for the treatment of adults with PBC who have had an inadequate
response with UDCA or are intolerant to UDCA is an effective and a generally well
tolerated treatment option. OCA (5 mg and 10 mg) resulted in clinically and statistically
significant improvements in a range of evidence-based disease-related prognostic
factors, which is expected to result in a significant reduction in the need for liver
transplant and/or death from PBC.
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1.4 Summary of the cost-effectiveness analysis

Results in this submission are based on the list price of OCA. However, OCA will be
offered under a patient access scheme (PAS) and so the results presented in this
submission are for guidance only. Results of the economic analyses using the PAS price
are presented in the accompanying PAS template, as requested by NICE, and are more
reflective of the true cost-effectiveness of OCA.

The model presented for OCA is a decision-analytic model that reports cost-
effectiveness in terms of incremental cost per QALY. The model evaluates the economic
consequences of OCA 5-10 mg (titrated dose) alone (in the case of UDCA intolerant
PBC patients) and adding OCA 5-10 mg OD to 15.4 mg/kg UDCA (in the case of UDCA
inadequate responders). In other words, the model examines the cost-effectiveness of
OCA titration versus placebo in UDCA intolerant patients, and OCA + UDCA titration
versus UDCA monotherapy in UDCA tolerant patients.

Model inputs for health utilities are based on utility scores derived from literature. Where
PBC-specific utility values were not available, HBV/HCYV utility values were used instead;
following key opinion leader interviews, utility values for the more severe health states
(i.e. decompensated cirrhosis, pre-transplant and post-transplant) had a [jjjj decrement
applied to them to reflect the worse outcomes and accelerated disease progression of
PBC patients compared to HBV/HCV patients.

The base case results for UDCA-intolerant patients using the list price are shown in
Table 3, and for UDCA inadequate responders in Table 4. Results using the PAS are
presented in the accompanying PAS template. In addition, patients treated with OCA
were found to have an 84% lower chance of undergoing liver transplant compared with
patients treated with UDCA.



Table 3: Incremental cost-effectiveness results: UDCA-intolerant patients

Technologies Total Incremental ICER (£) ICER (£)
Costs (£) LYG QALYs Costs (£) LYG QALYs versus baseline incremental

No treatment £103,233 11.30 6.61 - - - - -

(Placebo)

OCA titration [ ] 16.65 13.52 [ ] 5.35 6.91 I [ ]

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life-years gained; QALYs, quality-adjusted life years; OCA, obeticholic acid.

Table 4: Incremental cost-effectiveness results: UDCA inadequate responder patients

Technologies Total Incremental ICER (£) ICER (£)
Costs (£) LYG QALYs Costs (£) LYG QALYs versus baseline incremental

UDCA + Placebo £96,977 12.35 7.85 - - - - -

OCA titration + UDCA [ ] 16.75 13.64 [ ] 4.40 5.79 I [ ]

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life-years gained; QALYSs, quality-adjusted life years; OCA, obeticholic acid; UDCA, ursodeoxycholic acid.




2 The technology

Summary

e OCA is a novel, rationally designed drug targeting the FXR receptor

e |tisthe first treatment to provide a novel, innovative mechanism of action for patients with
PBC, and is the first drug to be developed for PBC in nearly 20 years. It provides the first
effective therapy for patients who have an inadequate response to UDCA who would
otherwise face progression of their disease

e FXR activation leads to a reduction of up to 60% in the levels of toxic bile acids in the liver by
decreasing their synthesis and facilitating their transportation from the liver

e OCA demonstrates clinically and statistically meaningful reductions in ALP and bilirubin, the
main accepted markers of response in PBC

e In addition, FXR mediates other anti-inflammatory and anti-fibrotic pathways, which are
expected to prevent injury to hepatocytes, improve liver function, and reduce the risk of,
delay, and/or prevent the need for liver transplant in a cholestatic liver disease such as PBC

e OCA is a once-daily tablet that has been shown to clinically and statistically significantly
reduce the most important biomarkers of PBC (alkaline phosphatase [ALP] and bilirubin)

e OCA received orphan drug designation by the EMA in July 2010

2.1 Description of the technology
Brand name: OCALIVA®

UK approved name: Obeticholic acid
Therapeutic class: Bile acid preparations (ATC code (A0O5AA04)

Mechanism of action: OCA is a novel selective and potent agonist for the farnesoid X
receptor (FXR), a nuclear receptor expressed at high levels in the liver and intestine.
FXR is a key regulator of bile acid, inflammatory, fibrotic, and metabolic pathways (see
Figure 1 and Figure 2). OCA reduces the accumulation of bile acids in the liver and
protects hepatocytes from bile acid toxicity by activating FXR. This decreases the
concentration of bile acids by reducing their synthesis from cholesterol and by facilitating
their transport out of hepatocytes (21). In addition, FXR mediates other anti-inflammatory
and anti-fibrotic pathways (31).




Figure 1: FXR is a nuclear receptor expressed in the liver
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Abbreviations: FXR, farnesoid X receptor.
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Figure 2: FXR regulation of biological pathways
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Abbreviations: FXR, farnesoid X receptor.

Chenodeoxycholic acid (CDCA) is a natural bile acid that was identified as the most
active physiological ligand for FXR. In structure-activity studies, it was found that the
introduction of an alkyl group at the 6a position increased the activity and specificity of
CDCA to FXR (32). A series of alkylated bile acid analogues were subsequently
designed and studied, and it was found that the most highly potent and specific FXR
agonist was OCA, which includes an ethyl group at the C6a position (Figure 3) and has
approximately 100 times the potency of CDCA.
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Figure 3: The molecular structure of OCA and CDCA

OCA CDCA
6a-ethyl chenodeoxycholic acid chenodeoxychalic acid

Ho\““"

6-C ethyl substitution

FXR EC5

. 8.6 uM
(agonist) 0.09 uM H

- -

~100xT FXR agonism

Abbreviations: CDCA, chenodeoxycholic acid; ECso, half-maximal effective concentration; FXR, farnesoid X
receptor; OCA, obeticholic acid.

In addition to its effects on bile acids, OCA has hepatoprotective effects, including its
choleretic, anti-inflammatory, and anti-fibrotic properties. These are expected to prevent
injury to hepatocytes, improve liver function, and reduce, delay, and/or prevent the need
for liver transplant in a cholestatic liver disease such as PBC. OCA is the first new and
effective treatment for PBC in almost 20 years.

2.2 Marketing authorisation/CE marking and health
technology assessment

221 Marketing authorisation/CE marking

For the indication covered in this submission:

¢ Regulatory submission to EMA: June 2015
e CHMP positive opinion: expected 14™ October 2016
¢ Marketing authorisation: expected mid-December 2016
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222 (Anticipated) indication(s) in the UK

OCA is anticipated to be indicated for the treatment of PBC in combination with UDCA in
adults with an inadequate response to UDCA or as monotherapy in adults unable to
tolerate UDCA.

223 (Anticipated) restrictions or contraindications

2.2.3.1 Contraindications
The contraindications listed in the draft SmPC are:

e Complete biliary obstruction

e Hypersensitivity to the active substance(s) or to any of the following excipients:
microcrystalline cellulose; sodium starch glycolate (Type A); magnesium stearate;
poly(vinyl alcohol), partially hydrolysed (E1203); titanium dioxide (E171);
macrogol 3350 (E1521); talc (E553b); iron oxide yellow (E172).

2.2.3.2 Special warnings and precautions

Liver-related adverse events

Elevations in alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
have been observed in patients taking OCA. Clinical signs and symptoms of hepatic
decompensation have also been observed. These events have occurred as early as
within the first month of treatment. Liver-related adverse events have primarily been
observed at doses higher than the maximum recommended dose of 10 mg once daily.
Patients should be monitored during treatment with OCA for elevations in liver
biochemical tests and for the development of liver-related adverse reactions.

Severe pruritus

Severe pruritus was reported in 23% of patients whose starting dose was OCA 10 mg
once daily, 19% of patients on OCA titration (starting dose of 5 mg with up-titration to

10 mg) and in 7% of placebo patients. The median time to onset of severe pruritus was
11 days for patients on OCA 10 mg, 158 days for patients who were titrated at 6 months,
and 75 days for patients in the arm that did not receive OCA. Management strategies
include the addition of bile acid sequestrants or antihistamines, dose reduction, reduced
dosing frequency, and/or temporary dose interruption (see Section 2.3).

224 SmPC
The draft SmPC is provided in Appendix 1.

2.2.5 (Draft) assessment report

The draft assessment report is currently not available.

2.2.6 Main issues discussed by regulatory authorities

The draft assessment report is currently not available.
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227 Anticipated date of availability in the UK
OCA will be available in the UK from December 2016 and launched in January 2017.

2.2.8 Regulatory approval outside the UK

The US Food and Drug Administration (FDA) granted accelerated approval of OCA for
the treatment of PBC in combination with UDCA in adults with an inadequate response
to UDCA, or as a single therapy in adults unable to tolerate UDCA on 27 May 2016.

229 Ongoing HTAs in the rest of the UK
Submission to the SMC and the NCPE are anticipated to be made in Q4, 2016.

2.3 Administration and costs of the technology

The administration and costs of the technology are summarised in Table 5.

Table 5: Costs of the technology being appraised

Information Source
Pharmaceutical Film-coated tablet, each containing 5 mg | SmPC (21)
formulation (round tablet) or 10 mg (triangular tablet)

of OCA.

Yellow tablet debossed with INT on one
side and 5 or 10 on the opposite side
(representing 5 mg and 10 mg variations,

respectively).
Acquisition cost List price:
(excluding VAT)" e OCA 5mg, pack of 30 tablets:
£2,384.04
e OCA 10 mg, pack of 30 tablets:
£2,384.04

e This corresponds to a price per year
of £29,005.78 (with either 5 mg or
10 mg being taken once daily)

Method of The tablet should be taken orally with or | SmPC (21)

administration without food.

Doses Each film-coated tablet contains either SmPC (21)
5 mg or 10 mg of OCA.

Dosing frequency The recommended starting dose is 5 mg | SmPC (21)

OD. Based on the assessment of
tolerability after 6 months, the dose
should be increased to 10 mg OD to
achieve optimal response.

Average length of a Patients should continue to take OCA for

course of treatment as long as the patient continues to
benefit from treatment.

Average cost of a Not applicable — patients are expected to

course of treatment take the treatment continuously

Anticipated average Not applicable — the treatment is a once

interval between daily dose.

courses of treatments
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Information Source

Anticipated number of Not applicable — patients are expected to

repeat courses of take the treatment continuously until they
treatments have stopped responding.
Dose adjustments The recommended starting dose is5mg | SmPC (21)

OD. Based on the assessment of
tolerability after 6 months, the dose
should be increased to 10 mg OD to
achieve optimal response.

For patients experiencing severe
intolerability due to pruritus, consider one
of the following:

e Reducing the dosage of OCA to:

o 5 mg every other day, for
patients intolerant to 5 mg OD

o 5 mg OD, for patients intolerant
to 10 mg OD

e Temporarily interrupting OCA dosing
for up to 2 weeks followed by re-
starting at a reduced dosage

e Continue to increase the dosage to
10 mg once daily, as tolerated, to
achieve optimal response

e Consider discontinuing treatment
with OCA for patients who continue
to experience persistent intolerable
pruritus.

For patients with hepatic impairment:

e The recommended starting dosage
for moderate (Child-Pugh Class B)
and severe (Child-Pugh Class C)
hepatic impairment is 5 mg once
weekly

e If an adequate reduction in alkaline
phosphatase and/or total bilirubin
has not been achieved after 3
months of OCA 5 mg once weekly,
and the patient is tolerating the
medicinal product, the dose of OCA
should be increased to 5 mg twice
weekly (at least 3 days apart) and
subsequently to 10 mg twice weekly
(at least 3 days apart) depending on
response and tolerability

¢ No dose adjustment is needed for
mild hepatic impairment (Child-Pugh
Class A).

Anticipated care setting | Secondary care.

Abbreviations: OCA, obeticholic acid; OD, once daily; SmPC, summary of product characteristics; UDCA,
ursodeoxycholic acid.
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2.31 Patient access scheme

For the purpose of this submission, Intercept have submitted an accompanying PAS
template, as requested by NICE, with a proposed PAS price for OCA. As such, the
results of the economic analysis presented in this submission use the list price for OCA,
and are provided for illustrative purposes only to provide contextual results for the cost-
effectiveness. The economic analyses using the PAS price are more reflective of the true
cost-effectiveness of OCA.

2.4 Changes in service provision and management

241 Additional tests or investigations

No additional tests or investigations are required for OCA treatment.

242 Main resource use to the NHS associated with the technology

OCA treatment will be initiated by specialists in the treatment of PBC.

243 Additional infrastructure requirements

No additional infrastructure will be required to facilitate treatment with OCA.

244 Patient monitoring requirements

Patients will be required to undergo a consultation 6 months after treatment initiation to
assess tolerability and determine if the dose should be increased to 10 mg to achieve
optimal response.

24.5 Concomitant therapies

OCA is indicated for the treatment of PBC in combination with UDCA in adult patients
with an inadequate response to, or intolerant to, UDCA. No dose adjustment of UDCA is
required.

Concomitant medication used to treat pruritus associated with PBC is often required.
Guidelines from the European Association for the Study of the Liver (33) and the
American Association for the Study of Liver Diseases (34) both have the same
recommendations for the management of pruritus. Treatment with cholestyramine, a bile
acid sequestrant, should be initiated as first-line therapy. A dose of 4 g up to four times
daily is recommended, with doses spaced at least 4 hours apart from the time of
administration of UDCA. For patients that do not benefit from cholestyramine treatment
or who are intolerant to therapy, rifampicin should be taken as second-line treatment, at
150-600 mg daily. As third-line treatment for patients who do not benefit from or are
intolerant to rifampicin, naltrexone, an oral opiate antagonist, should be started at 25 mg
daily, increasing to 50 mg. The final treatment option for pruritus is sertraline (75—-100 mg
daily), after which invasive physical approaches, such as extracorporeal albumin dialysis,
plasmapheresis and bile duct drainage, or liver transplantation should be considered.

The draft BSG/UK-PBC guidelines (35) include similar recommendations for the
management of pruritus. Cholestyramine 4-16 g per day (as tolerated) is recommended
as first-line treatment taken 2—4 hours before or after UDCA; NN
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I Rifampicin 300—-600 mg per day should be taken as

second-line therapy, with oral naltrexone 50 mg per day or parenteral naloxone as third-
line treatment. Care should be taken with rifampicin to monitor hepatotoxicity, and
naltrexone should be titrated slowly to avoid opiate withdrawal-like symptoms.
Gabapentin and the selective serotonin reuptake inhibitor sertraline are also used;
however, it is noted that a small trial with gabapentin failed to show benefit over placebo
(37), and further evaluation is recommended.

Another common symptom of fatigue, experienced by up to 78% of patients, has been
shown to improve with treatment with modafinil at a dose of 100—200 mg/day, although
the EASL and AASLD do not recommend therapy for fatigue resulting from PBC (33, 34).
The draft BSG/UK-PBC guidelines (35) recommending treating direct contributing
factors, such as nocturnal pruritus, associated autoimmune disease and age-related
conditions, modifying exacerbating processes, such as depression, autonomic
dysfunction and sleep disturbance, as well as assisting with lifestyle adjustments, coping
mechanisms and support. Modafinil is mentioned as a possible treatment for severe
daytime somnolence.

2.5 Innovation

PBC is a rare disease with high clinical and patient unmet need with no new drugs
developed in nearly 20 years. OCA is a rationally designed FXR agonist that is the first to
provide a novel, innovative therapy for patients with PBC. There has been a long
scientific history of in vitro and in vivo studies of the FXR axis, and OCA has finally
provided an opportunity to use this mechanism of action to benefit patients with no other
currently available treatment options. OCA received orphan drug designation by the EMA
for the treatment of PBC in July 2010 (20). Intercept is currently pursuing a Promising
Innovative Medicines (PIM) application for current and future indications for OCA.

There is a large unmet need in the area of PBC to provide a therapy for patients who
have an inadequate response to or are intolerant to UDCA (up to 74% of UDCA-treated
patients with PBC have a sub-optimal or absent response and are at significantly
increased risk of clinical complications, the requirement of a liver transplant, and death
(1, 11-14)). Patients who do not respond to or are intolerant to UDCA and show clear
progression must live with the knowledge that their health is deteriorating and that their
only treatment option is a liver transplant at some point in the future. Living with this
knowledge, the fear of complications associated with liver transplant, and the uncertainty
surrounding whether a donor liver will be available, are all likely to have a substantial
detriment on mental health and quality of life. In addition, PBC progresses extremely
rapidly in the latter stages of the disease, and so transplantation is sometimes not
possible in time, since once patients are unwell enough to qualify for inclusion on the
transplant list, it is often too late.

A recent study of a US database found that 16.5% of patients with PBC died while on the
liver transplant waiting list, and 8% were removed from the list due to being too ill (7). It
was also found that patients with PBC were more likely to die on the transplant waiting
list than patients with other liver diseases, such as hepatitis C, alcoholic liver disease,
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and hepatitis B (7). The organ donation and transplantation activity report for the UK
states that only 51% of patients on the liver transplant list received a transplant between
1 April 2015 and 31 March 2016, while 5% died and 10% were removed from the list
(38). In the economic analysis in Section 5, patients are only removed from the
transplant waiting list if they die, so removing patients who are too ill is not captured in
the health-related quality of life calculations. In addition, PBC patients are disadvantaged
when it comes to allocating donor livers for transplant, since the current method for
prioritising patients is based on the UK Model for End Stage Liver Disease (UKELD)
score, which doesn’t accurately predict the survival of patients with PBC (14). Even after
transplant, up to 43% of patients will have a recurrence of PBC within 15 years (39) and
only 8% of patients return to work (14). OCA has the potential to make a substantial and
meaningful improvement in the quality and quantity of life for patients with PBC by
providing an alternative or additional efficacious treatment option that will reduce the risk
of, delay, or prevent the need for liver transplant. Another aspect of PBC that has a
significant detrimental impact on a patient’s quality of life is fatigue, which can lead to
social isolation (35), since patients find it more difficult to lead a normal active life. This
can affect both the patient’'s mental and physical health.

OCA offers a unique therapeutic modality, providing both hepatoprotective effects and
potent and selective FXR-mediated effects, to patients who are currently at continued
risk of hepatocellular carcinoma (HCC), fibrosis, cirrhosis and progression to liver
transplantation or death. FXR activation not only reduces bile acid synthesis and
promotes choleresis, but also mediates other anti-inflammatory and anti-fibrotic
pathways. Recent evidence has emerged to suggest that inflammation in PBC may
result in the senescence of bile duct epithelial cells, which show very slow or no division
and may contribute to further injury and the irreversible loss of bile duct (40). Therefore,
it is possible that the anti-inflammatory effects of OCA may also contribute to the
prevention of bile duct loss.

OCA represents a step-change in the treatment of PBC. There are currently no drugs
other than UDCA approved for this disease, and no drugs that are licensed or effective in
this setting (for patients who do not have an adequate response to, or who are intolerant
to, UDCA). Given the lack of emerging therapeutic options in the last 20 years, other
treatments have been trialled for use in PBC, including budesonide and fibrates (which
are contraindicated in PBC (22, 23)). However, limited efficacy has been observed in
these other treatments.

OCA has been shown to be both clinically effective and to have a favourable safety and
tolerability profile. In addition, it is likely that the clinical benefit of OCA is underestimated
in POISE (a Phase 3 trial in OCA described in Section 4), since the trial design dictated
that patients in the titration group were not up-titrated from 5 mg once daily at 6 months if
they met the trial primary endpoint (ALP <1.67x ULN [equivalent to 200 U/L], total
bilirubin <ULN [equivalent to 20 pumol/L], and ALP decrease 215% from baseline). In
clinical practice, the up-titration of these patients to 10 mg based on tolerability to
achieve optimal response would likely produce further benefit by generating further
reductions in ALP and bilirubin levels.
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3 Health condition and position of the technology
in the treatment pathway
Summary
o PBC s arare, progressive, debilitating autoimmune liver disease that follows an
unpredictable course and that, if inadequately controlled, leads to complications (including
ascites, varices and portal hypertension), liver transplant, and death
o The course of this ductopenic disease involves bile duct loss, which leads to the
accumulation of toxic bile acids in the liver, resulting in inflammation, fibrosis and cirrhosis
o Unlike inflammatory liver diseases (such as hepatitis), PBC can progress extremely
rapidly in the latter stages of the disease, and so transplantation is sometimes not
possible as patients may be too unwell
e There are considerable healthcare costs associated with PBC
o In 2014/15 in England for PBC there were:
= 707 hospital admissions
= 963 consultant episodes
= 3,767 bed days
= 45 liver transplants
o The cost of PBC increases with the stage of disease
= Liver transplant was reported to cost £64,452 in 2014
e PBC is significantly more prevalent in women, with age of diagnosis typically between 30 and
65 years
o In POISE (the pivotal Phase 3 trial for obeticholic acid [OCA] described in Section 4), 91%
of patients were female, with a mean age of 55.8 years
= This is of working age in the UK, and therefore PBC is likely to have an impact on
societal costs
o Patients diagnosed at a young age are more likely to have rapidly progressing disease
= This can have a devastating effect on the wellbeing of families
e Current management of PBC focuses on reducing ALP levels
o The only licensed treatment for PBC is ursodeoxycholic acid (UDCA)
o However, up to 74% of patients have an incomplete response to UDCA, and there are
currently no available licensed or effective treatment options for these patients
o Patients who have an inadequate response to UDCA are at significantly increased risk of
clinical complications, the requirement of liver transplant, HCC, or death
3.1 Disease overview

Primary biliary cholangitis (PBC), recently renamed from primary biliary cirrhosis, is a
rare, progressive, autoimmune, non-viral disease of the liver that gradually destroys the
interlobular bile ducts. This causes an accumulation of cytotoxic bile acids in the liver,
which leads to inflammation, liver fibrosis, cirrhosis, and ultimately liver failure.
Complications of PBC include portal hypertension, ascites, peripheral oedema, bleeding
varices, osteoporosis, and hepatocellular carcinoma (HCC). The final stages of PBC —
cirrhosis and hepatic decompensation — is terminal unless a liver transplant is performed.




Liver transplant is a major operation that carries a risk of rejection and potentially serious
complications, and even after transplant, up to 43% of patients will have a recurrence of
PBC within 15 years (41). Whilst liver failure is the usual cause of death in most patients,
other causes include a bleed from the oesophagus or stomach and hepatocellular
carcinoma.

The destructive cycle of PBC is initiated by an immune response that results in
inflammation targeting the intrahepatic bile ducts. As the disease progresses, the liver
suffers from bile duct loss (ductopenia), leading to the impairment of bile flow from the
liver to the intestine, resulting in increased hepatocellular bile acid concentrations
(cholestasis) (42). Bile acids are natural detergents, and abnormally elevated
hepatocellular concentrations are damaging to the liver, leading to inflammation, fibrosis
and liver damage, which in turn causes further bile duct loss. Eventually PBC leads to
cirrhosis and hepatic decompensation.

The serologic hallmark of PBC is the presence of anti-mitochondrial antibodies (AMA),
which are present in 90-95% of patients with PBC but less than 1% of healthy controls
(34). The course of the disease follows a cholestatic pattern, with rising levels of alkaline
phosphatase (ALP) and elevated serum bilirubin in the late stages of the disease.

The destructive cycle of PBC is shown in Figure 4.

Figure 4: The destructive cycle of PBC
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Abbreviations: ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; PBC, primary biliary
cholangitis/cirrhosis.

On an individual basis, the course of the disease is unpredictable and its prognosis
varies greatly (43), and there is currently no predictor to indicate which patients will
progress slowly or rapidly, although patients with earlier age of onset and/or of male sex
often have more aggressive disease that is refractory to existing treatment (1). Figure 5
shows the pattern of disease for PBC.
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Figure 5: Pattern of ductopenia and cholestasis in PBC
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Source: Selmi 2011 (44).

The presence of AMA and elevated ALP levels are two early characteristic markers of
PBC, with concurrent hepatocellular damage (inflammation) resulting in increased levels
of AST, ALT, and GGT (34, 42, 45). It is important to treat patients when their ALP levels
>1.67x ULN, equivalent to 200 U/L. An increase in serum bilirubin is detected only when
significant liver damage has occurred, with a sharp increase occurring in the terminal
phase (45, 46). Therefore, a rise in bilirubin to as low as 0.5x ULN, is a significant
change in the course of the disease (47). An overview of disease progression and the
associated changes in biochemical markers is shown in Figure 6.

Figure 6: The progression of PBC and associated changes in biochemical markers
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European guidelines from EASL outline the following diagnostic criteria for PBC (33):
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e Biochemical evidence of cholestasis based on ALP elevation for 26 months; and

e Positive AMA titre (21:40) in serum or if AMA are absent, antibodies against AMA-
M2 (anti-PDC-E2) and/or PBC-specific antibodies (anti-Sp100 and anti Gp210); or

¢ In the absence of PBC antibodies, liver biopsy consistent with PBC

PBC can be diagnosed providing two of the above three criteria are met, typically ALP
and AMA. A liver biopsy can be used to further substantiate the diagnosis if needed.

The more recent draft BSG/UK-PBC guidelines (35) assess PBC by:

¢ Cholestatic liver biochemistry (elevation in serum ALP and GGT; elevation in
bilirubin and fall in serum albumin are features of advanced disease and are
important prognostic markers)

e AMA or other PBC-specific autoantibody at a titre of >1/40 (there is evidence to
suggest that PBC-linked antinuclear antibody [ANA] may be associated with more
rapidly progressive disease and disease that is less responsive to UDCA therapy)

e Diagnostic or supportive liver histology.

The presence of all three of these factors indicates definite PBC, whereas two out of the
three indicates the presence of probable PBC.

In addition, serum ALP along with other biochemical parameters such as bilirubin are
used to manage patients, test the efficacy of novel therapies in clinical studies, and
gauge the risk of long-term adverse clinical outcomes (17, 48). Analysis from a large
research group (the Global PBC study group) shows that in patients with PBC, ALP and
bilirubin levels strongly correlate with death and liver transplantation, with a combination
of both variables improving prognostic prediction for patients (15). The lower the ALP
and bilirubin levels, the better the transplant-free survival, as shown in Figure 7.

Figure 7: Bilirubin and ALP at 1-year follow-up
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Source: Lammers et al, 2014 (15).

The estimated prevalence of PBC in the UK is approximately 3.9 per 10,000 population
(46), equating to approximately 19,175 people in England (49) and making it a rare
disease. The incidence of PBC is 0.58 per 10,000 population (50). Approximately 90% of
people with the condition are women, and age of diagnosis is typically between 30 and
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65 years (8). Whilst the cause of the disease is not known, genetic predispositions and
environmental factors (exposure to chemicals) have been described (42, 51, 52).

Approximately 60—80% of patients with PBC are asymptomatic at diagnosis (53). The
diagnosis of PBC in asymptomatic patients is usually established after the chance finding
of an elevated ALP level during the course of an unrelated illness (43, 53).

There is an urgency to diagnose and treat patients early in the course of the disease to
prevent/slow progression and to avoid/delay the latter stage complications of PBC. When
treatment is delayed until PBC has progressed, survival is significantly worse than in the
general population. In a Dutch prospective cohort study (13), it was found that survival
for patients with early initiation of treatment (with UDCA) was comparable to the survival
of the overall Dutch population (p=0.254). However, for patients with moderately
advanced PBC before treatment initiation, survival was significantly worse (p<0.001). In
addition, an analysis (10) combining individual data from three studies in which patients
were either treated for 4 years (with UDCA), or received placebo for 2 years and UDCA
for the following 2 years, showed that the probability of survival free of liver
transplantation was significantly greater in the patients treated for 4 years (p<0.001;
relative risk 1.92; 95% CI 1.30, 2.82).

The most common symptoms of PBC are pruritus and fatigue. The severity of cholestatic
pruritus is not related to the prognosis or severity of the disease (48, 54, 55). Pruritus
frequently subsides spontaneously when cirrhosis and hepatic decompensation develop,
suggesting the pruritogen is synthesised in the liver (56, 57). Neither the exact pruritogen
nor the underlying mechanisms for the cause of cholestatic pruritus have been
completely elucidated (58). Fatigue, which can be severe, is related to autonomic
dysfunction in the brainstem (59). This study also showed that fatigue was an
independent predictor of mortality, particularly cardiac death.

3.2 Burden to patients, carers and society

PBC has a substantial detrimental impact on quality of life, and HRQoL impairment is
correlated with the severity of the disease (60-65). In a study of 2,353 patients in the UK
(54), 35% reported impairment of HRQoL compared with 6% of healthy controls
(p<0.001), and 46% rated their overall health as ‘fair’ or ‘poor’ compared with 15% of
healthy controls (p<0.0001).

Physical quality of life scores have been shown to be consistently lower in patients with
PBC compared with the general population (64, 66-69), as measured by the SF-36, a
widely used, validated, 36-item patient-reported survey of patient health (Table 6). The
differences between patients with PBC and the general population were found to be
statistically significant and clinically important, as measured by a minimal clinically
important difference (MCID) of 5 points (70).

Table 6: SF-36 PCS scores in the PBC population and the general population

PBC population General population
Study Mean SD Mean SD Significance
Younossi et al (2000) 39 Not stated 50 Not stated | Not stated
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Sogolow et al (2008) 39 9.61 47 11.18 p<0.05

Montagnese et al (2010) 41 31 47 9 p<0.0001
Montagnese et al (2013) 38.61 9.61 46.79 11.18 p<0.0001
Lasker et al (2011) 40.5 10 46.79 11.18 p<0.0001

Abbreviations: PBC, primary biliary cholangitis/cirrhosis; PCS, physical component summary; SD, standard
deviation.

The mental quality of life in patients with PBC was also consistently lower than the
general population across trials (64, 66-69). One aspect of PBC that may contribute to
the detriment in mental quality of life is the uncertainty associated with the disease. Once
diagnosed, patients may remain in a fairly stable disease state for a number of years,
with uncertainty as to when their health may deteriorate further and what the outcomes
may be.

PBC follows an unpredictable course, and the lack of treatment options for patients who
do not have an adequate response to, or are intolerant to, UDCA will result in a more
rapid disease progression. Inadequate response to UDCA has been shown to be
associated with an increased risk of death, need for liver transplantation and the
development of HCC (1, 11-13, 15-19).

The main symptoms to have a detrimental impact on quality of life for people with PBC
are chronic fatigue (54, 63, 71-76) and pruritus (76), both of which can be severe. These
symptoms frequently contribute to anxiety and depression (71).

A case-control study in the US that matched 1,032 patients with PBC with 1041 controls
(77) found that a significantly larger percentage of patients with PBC needed help with
routine aspects of daily living than controls (13% vs 10%, respectively; p=0.008), with
difficulty in performing household chores (28% vs 21%, respectively; p=0.039), having
limitations in the type of professional work that they could perform (36% vs 22%,
respectively; p<0.001), having to change jobs because of health (39% vs 26%,
respectively; p<0.001), having limitations in the performance of housework (31% vs 19%,
respectively; p<0.001) and difficulty in accomplishing everyday activities (41% vs 30%,
respectively; p<0.001) being reported significantly more frequently. The same study
found that patients with PBC were significantly less likely to participate in sports, physical
exercise and hobbies.

PBC is also associated with considerable healthcare costs. In 2014/15, there were 707
hospital admissions in England for PBC (ICD10 K74.3), accounting for 963 consultant
episodes and 3,767 bed days (2).

In most patients, the management of complications such as ascites, oesophageal
varices, variceal bleeding, encephalopathy, and liver transplantation accounts for the
majority of resource use in patients with PBC (78). In Norway, costs for initial
hospitalisation in 2005 ranged from €3,059 for ascites and encephalopathy to €8,156 for
variceal bleeding, with follow-up costs for each event of over €2,000 per year (79).

PBC is one of the most frequent indications for liver transplantation in Europe (5, 6).
There were 621 elective liver transplants performed in the UK in 2014/2015, of which at
least 7% were for PBC (3). Overall, the number of patients waiting for a liver transplant
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has steadily increased since 2007/8 and recent data found that PBC patients on the
transplant waiting list were more likely to die before transplant compared to patients with
other liver diseases (7). Singh et al reported a cost of £64,452 for a liver transplant in
2014 (4).

As the majority of cases of PBC affect patients of working age, lost productivity is likely
to contribute to the burden on society. The mean age of patients in the POISE trial
(discussed in Section 4) is 55.8 years, which is well below the age of retirement in the
UK. The population enrolled in POISE has been validated as representative of patients
with PBC in the UK by clinical expert opinion.

3.3 Clinical pathway of care

Patients are commonly asymptomatic at diagnosis, and are referred to secondary care
on discovering abnormal liver function and/or positive autoantibody by blood tests at a
GP visit for an unrelated illness (43, 53). Occasionally patients are referred internally,
most commonly from a rheumatologist. Rarely, patients are referred due to pruritus,
abnormal ultrasound, or decompensation (ascites). A hepatology specialist will perform a
liver screen, including tests for AMA and immunoglobulin, an ultrasound, and a
FibroScan® to identify fibrosis. A liver biopsy can be performed to confirm diagnosis,
although this varies between centres.

On diagnosis of PBC, UDCA is prescribed at 13—-15 mg/kg/day. Patients are monitored
at 3—4 months for tolerability, and at 6 and 12 months to gauge response and
compliance to therapy. There are currently no licensed or effective therapeutic options to
treat patients with PBC who have an inadequate response to, or are intolerant to, UDCA.

Patients are referred to the liver transplant list if their UKELD score 249 or if they have
decompensated disease. UKELD score is a measure of disease severity for end-stage
liver disease, and is calculated using the patient’s INR, serum creatinine, serum bilirubin,
and serum sodium using the following formula:

(5.395 X In(INR)) + (1.485 X In(creatinine)) + (3.13 x In(bilirubin) — (81.565 X In(Na)) + 435

3.4 Life expectancy

Despite a number of studies investigating overall survival in PBC, life expectancy is
difficult to determine, in part due to the intrinsic variability of the disease itself, but also
due to the variability in study design and the time period over which these studies have
taken place. A total of 130 deaths (113 female and 17 male) from PBC were registered in
England and Wales during 2014 (80).

Life expectancy can be influenced by a number of factors, including the stage of disease
at diagnosis, patient age at diagnosis, the rate of progression in the individual, and
which, if any, treatments have been received (81). The estimated average time from first
appearance of AMA to death is approximately 20-22 years without treatment (82, 83).

The natural history of untreated PBC is one of unpredictable progression through four
phases: preclinical, asymptomatic, symptomatic (including systemic and portal
hypertensive), and liver insufficiency. The duration of each phase varies but as this is a
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ductopenic disease, the latter stages of the disease are non-linear and patients can
experience rapid progression. Published data relating to each phase of PBC are reported

in Table 7.

Table 7: Duration of different phases of PBC

DRSS Outcome N Time to outcome Reference
phase
Pre-clinical Time from first 28 Median 5.6 years Metcalf 1996 (83)

detection of AMA to

persistently
abnormal ALP

Asymptomatic Percentage of 37 89% developed Balasubramaniam

patients developing | (untreated) | symptoms within 2— 1990 (84)

symptoms 4 years
36 67% symptomatic at Mahl 1994 (85)
(untreated) | median follow-up of
12.1 years
91 (24% 36% symptomatic at | Springer 1999 (86)
UDCA a median follow-up
treated) of 5 years
Symptomatic Mean time from 111 3.1 years Chan 2005 (87)
development of (ascites), 32

portal hypertensive | (peripheral

symptoms to death oedema)
Liver Mean time from 55 4.1 years (bilirubin | Shapiro 1979 (88)

insufficiency

development of
persistently
elevated bilirubin

>34 umol/L)

2.1 years (bilirubin
>102 umol/L)

1.4 years (bilirubin
>170 pmol/L)

Abbreviations: ALP, alkaline phosphatase; AMA, anti-mitochondrial antibodies; PBC, primary biliary
cholangitis/cirrhosis; UDCA, ursodeoxycholic acid.

3.5

guides

NICE have published guidance on the assessment and management of cirrhosis in over
16s (89). This guidance is primarily designed to address the diagnosis and management
of the complications of cirrhosis, although PBC is not specifically discussed. No other

relevant NICE guidance or NICE pathway is available.

There are currently no commissioning guides for the treatment of PBC.

3.6

Clinical guidelines

Relevant NICE guidance, pathways or commissioning

EASL guidelines provide current recommendations for the management of PBC in
Europe (33). In addition, the British Society of Gastroenterology (BSG) and the UK-PBC
have recently compiled a set of draft guidelines for PBC (35), which are now in a late
stage of development and will be published shortly.
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3.6.1 First-line treatment

The EASL guidelines recommend UDCA as first-line treatment for PBC and state that it
is the only drug licensed to treat PBC that demonstrates any long-term efficacy. It is
recommended that all patients with PBC, including those who present asymptomatically,
receive UDCA at a dose of 13-15 mg/kg/day for long-term treatment, and that response
to treatment should be evaluated after 1 year using either the Paris | criteria or the
Barcelona criteria (see Table 8) (33).

Table 8: Biochemical treatment response criteria

Disease severity criteria Responder criteria

Paris IT(11) ALP <3x ULN and AST <2x ULN and total
bilirubin <1 mg/dL (17 pmol/L)

Barcelona (16) ALP <1 x ULN or decrease in ALP >40%

Abbreviations: ALP, Alkaline phosphatase; AST, Aspartate aminotransferase; ULN, upper limit of normal.

Although not yet published, Intercept have been allowed access to the BSG/UK-PBC
draft guidelines for the purpose of this appraisal. These draft guidelines also recommend
UDCA for all patients at a dose of 13—15 mg/kg/day (35). This can be given as a single
daily dose or divided doses if tolerability is an issue, and if tolerated, treatment should be
lifelong.

There are several response criteria that have been proposed to define non-
response/progression (some of which are described in Section 4.3.6.2); however, there
iS no consensus as to which of these criteria should be used. It has been shown that
attaining an ALP <1.67x ULN is associated with a statistically significantly reduced risk of
disease progression over the subsequent 10 years (18). In addition, in a later study it
was found that combining ALP and bilirubin (ALP <1.67x ULN and bilirubin <1 mg/dL)
was the most discriminating algorithm for predicting clinical outcomes such as varices,
ascites, death, or liver transplantation (17). Therefore, the POISE study in OCA used
response criteria of:

e ALP <1.67x ULN, which equates to 200 U/L, and

e Total bilirubin <ULN, which equates to 20 pumol/L (1.17 mg/dL), and

e A 15% decrease from baseline in ALP, which was incorporated as a conservative
estimate so that patients were excluded who had only a small change in ALP from
slightly above 200 U/L at baseline to slightly below this level. This ensured that
only subjects with a relevant clinical effect were judged to have a successful
response in terms of trial endpoints.

3.6.2 Second-line treatment

There are no licensed or effective drugs approved for second-line treatment for the
management of patients with an inadequate response to, or intolerance to, UDCA. Given
the lack of emerging therapeutic options in the last 20 years, other treatments have been
trialled for use in PBC, including budesonide and fibrates (which are contraindicated in
PBC (22, 23)). However, limited efficacy has been observed in these other treatments.

The BSG/UK-PBC guidelines (35) stress that inadequate response to UDCA is
associated with an increased risk of liver transplantation, development of HCC, and
death (1, 11-13, 15-19) and that there are currently no licensed second-line treatments in
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the UK. It is recommended that patients who do not respond to UDCA should participate
in a clinical trial.

Further studies in second-line treatment for PBC are warranted.

3.6.3 Liver transplantation

Liver transplantation is the only treatment for patients with late-stage PBC, where UDCA
has limited efficacy (33). The BSG/UK-PBC draft guidelines recommend that liver
transplantation should be considered in all patients with bilirubin >50 pumol/L or evidence
of decompensated liver disease. In addition, due to the variable nature of PBC,
transplantation should be considered for all patients with advanced disease, as
evidenced by jaundice, portal hypertension, or signs of early decompensation (e.g.
ascites, encephalopathy, sarcopenia). Pruritus refractory to all medical therapy is also an
indication for liver transplantation regardless of the stage of disease; however, due to
limited organ availability, patients with a high UKELD score are currently prioritised,
which would often not include patients with uncontrolled pruritus.

The EASL guidelines (33) recommend transplantation for patients with:

e Decompensated cirrhosis with an unacceptable quality of life, or

e Anticipated death within a year due to treatment-resistant ascites and spontaneous
bacterial peritonitis, recurrent variceal bleeding, encephalopathy, or hepatocellular
carcinoma

While the EASL guidelines state that liver transplant has dramatically improved survival
in patients with late-stage PBC (33), it is important to note that there are risks associated
with having a transplant, which can occur up to several years after the procedure. Risks
associated with transplant include (90):

¢ Rejection of the new liver;

¢ Bleeding;

e The new liver not working, requiring a new transplant to be carried out immediately;
¢ An increased risk of infection;

¢ Loss of kidney function;

¢ Problems with blood flow to and from the liver; and

¢ An increased risk of certain types of cancer, particularly skin cancer.

After liver transplant it is necessary for patients to take immunosuppressants for the rest
of their lives. Side effects from these include headaches, high blood pressure, tremors,
an increased risk of infections, kidney failure, mood swings, muscle weakness, increased
appetite and weight gain, and changes to your mental state, such as confusion,
hallucinations and suicidal thoughts (91).

In addition, donated livers are scarce, and a recent study of a US database found that
16.5% of patients with PBC died while on the liver transplant waiting list, and 8% were
removed from the list due to being too sick (7).
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3.7 Issues relating to current clinical practice

Current clinical practice relies on the only licensed drug for PBC, UDCA. There are no
licensed drugs approved for treatment of patients with an inadequate response to UDCA.
Given the lack of emerging therapeutic options in the last 20 years, other treatments
have been trialled for use in PBC, including budesonide and fibrates (which are
contraindicated in PBC). However, limited efficacy has been observed. This leaves
patients without any further treatment options if they are unable to tolerate or have an
inadequate response to UDCA, which is common with PBC; up to 74% of UDCA-treated
patients with PBC have a sub-optimal or absent response (1, 11-14) and are at
significantly increased risk of clinical complications, the requirement of a liver transplant,
HCC, or death (1, 11-13, 15-19).

3.8 Equality

People with PBC face stigma in society because of the negative connotations of the term
‘cirrhosis’ and the association with alcoholism and drug abuse (30). This is one of the
reasons that PBC has recently undergone a name change to primary biliary cholangitis;
however, this change is likely to take time to be adopted universally. In addition, PBC is
also a rare disease and it is essential that patients have the same opportunities to gain
access to new treatments. PBC mainly affects women, which itself presents a challenge
with diagnosis since the early symptoms of PBC are often wrongly dismissed as
menopausal symptoms or depression (92). This can lead to delays in treatment and
corresponding worse outcomes, as well as frustration and distress to the patient.
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4 Clinical effectiveness

Summary

e POISE, a 12-month randomised, double-blind, placebo-controlled Phase 3 study, is the
largest PBC clinical trial to date designed with input from the UK and global PBC groups to
assess the efficacy, safety and tolerability of OCA

o Subjects who were taking UDCA before the trial (93% of subjects) continued to take
UDCA throughout the trial

o Arms were:
= Placebo (with or without UDCA)
= 10 mg OCA fixed dose (with or without UDCA)
= OCAttitration group (with or without UDCA)

o Clinical expert opinion validated that the patient population in POISE is representative of
the population with PBC in the UK

e Almost five times as many patients in the OCA 10 mg (47% of subjects) and OCA titration
(46% of subjects) groups met the primary endpoint compared with the control arm (10% of
subjects; p<0.0001) at 12 months

e Other important secondary endpoints, such as hepatocellular transaminases, markers of
cholestasis, inflammation, hepatobiliary injury, fibrosis, and apoptosis, demonstrated clinically
and statistically significant improvements compared with placebo that were sustained during
the 12-month double-blind period. OCA demonstrates a complete biochemical improvement
across the range of all the standard markers of cholestatic disease

e Subgroup analysis demonstrated that the effect of OCA on achieving the primary composite
endpoint and changes in ALP and total bilirubin were independent of age at diagnosis,
duration of PBC, and baseline ALP

e An ongoing long-term safety extension (LTSE) of POISE has shown continuing efficacy of
OCA in controlling ALP and bilirubin levels to a degree which should halt progression of
disease

e Evidence from two Phase 2 studies and their LTSEs provide further support for the efficacy of
OCA observed in POISE

e OCA was generally well tolerated, with pruritus being the most commonly reported adverse
event

o However, it is important to consider that pruritus is a common symptom of PBC
=  63% of patients in POISE had a history of pruritus

= Therefore, patients and their clinicians are typically familiar with the condition and its
management

4.1 Identification and selection of relevant studies

A systematic review was conducted to identify all relevant evidence for the efficacy and
safety of interventions used to treat PBC. All randomised controlled trials investigating an
intervention to treat PBC were included. The initial review was conducted in September
2014, followed by two updates in September 2015 and June 2016.
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411 Review question

The PICOS (population, interventions, comparators, outcomes and study type) principle
was applied to define the following review questions:

¢ “What is the clinical efficacy and safety of interventions used to treat primary biliary
cirrhosis?”

41.2 Search methodology

Studies of interest were identified by searching the electronic databases shown in Table
9, with no restrictions on date of publication. Searches were conducted using the
following interfaces:

e EMBASE (which covers Embase, Medline and Medline (R) In-Process)

e The Cochrane Library (which covers the Cochrane Database of Systematic
Reviews, Database of Abstract of Reviews of Effects, and Cochrane Central
Register of Controlled Trials).

Table 9: Databases searched and interfaces used in the systematic reviews for evidence
relating to interventions for primary biliary cirrhosis?

Database Interface
Embase EMBASE
Medline EMBASE
Medline (R) In-Process EMBASE

The Cochrane

Cochrane Database of Systematic Reviews .
Library

The Cochrane

Database of Abstracts of Reviews of Effects ;
Library

The Cochrane

The Cochrane Central Register of Controlled Trials (CENTRAL)* Library

TThe term primary biliary cirrhosis was included in all searches; however, in the 2016 update search, the term
‘primary biliary cholangitis’ was also included due to the recent name change of the disease.

The search strategy is included in more detail in Appendix 2.

The initial systematic review identified 28 randomised controlled trials relating to
interventions for primary biliary cirrhosis, three of which included OCA therapy. The first
update identified a further four articles, three of which included OCA therapy; and the
second update identified a further 27 articles (mostly conference abstracts), 19 of which
included OCA therapy. Since the systematic literature search was performed, results
from POISE have been published by Nevens et al (31). The systematic review schematic
is shown in Figure 8.

Searches of the Cochrane database of systematic reviews and the database of abstracts
of reviews of effects (DARE) identified 57 publications. Of these, nine were Cochrane
systematic literature reviews that had previously been performed to identify RCTs for
interventions in PBC. The search strategies and scopes for these reviews were closely
aligned to that of this systematic review, and therefore publications were removed from
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this review if they had previously been captured and reviewed by the Cochrane reviews,
to avoid duplication.

Figure 8: PRISMA diagram for the systematic review of clinical evidence

September 2014

Articles identified through EMBASE Interface (Embase,
Medline, Medline (R) In-Process)
n=615

Articles identified through Cochrane Library
n=468

Duplicates removed
n=211

Articles screened
n=B872

Excluded: Did not meet inclusion criteria
n=685

h

Assessed according to

scope of Cochrane reviews

Within scope of previous Cochrane reviews
n=136

n=187
h 4
Full text articles aszessed
for eligibility
n=51
Additional records identified through grey T
literature » .
n=2

Excluded (n=10]:
Mo abstract or paper available (n=4)
Did not report an outcome of interest
(n=1)
Mot a randomised study/retrospective
analysis of a study (n=5)

Articles identified
n=43 (28 RCTs)

n=7 (3 RCTs)

Articles relevant to OCA

september 2015

Additional records identified
n=4 -
Relevant to OCA "
n=3
June 2016
Additional records identified
n=27
Relevant to OCA
n=19
Publication of POISE (post June 2016) -
L
n=1

Total articles included
n=29 (3 RCTs)
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4.2

List of relevant randomised controlled trials

The included articles that were relevant to OCA relate to three RCTs, one Phase 3
(POISE) (Table 10) and two Phase 2 studies (747-201 and 747-202) (described in
Section 4.7.2.2). All trials had long-term safety extension phases, the results of which are
summarised in Section 4.7.2.

Table 10: List of relevant Phase 3 RCTs

Trial no. Population Intervention | Comparator | Primary Is study
(acronym) study excluded
ref(s) from further
discussion?
If yes state
rationale
747-301 Patients diagnosed Oral OCA Placebo Clinical No
(POISE); with PBC with ALP (5mg or study
NCT014735 | 21.67x ULN and/or 10 mg) taken report
24 total bilirubin >ULN OD. (93)
but <2x ULN who fail
to respond to or are
intolerant to treatment
with UDCA.
LTSE to All subjects who Oral OCA (5—- | N/A Interim No
POISE completed the 12- 25 mgt) clinical
month double-blind taken OD study
phase of POISE and report
who were willing to (94)
enrol in the 5-year
LTSE phase of the
study.

Abbreviations: ALP, alkaline phosphatase; LTSE, long-term safety extension; OCA, obeticholic acid; OD,
once daily; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid; ULN, upper limit of normal.
TAll subjects initiated OCA at 5 mg OD; daily dose could be up-titrated if a satisfactory response was not
achieved in 5 mg increments to a total dose of 25 mg OD (one increment per 3 months permitted),
depending on tolerability.

Summaries of the included publications are shown in Table 11, Table 12, Table 13 and
Table 14.

Table 11: Included articles relating to the Phase 2 study 747-201

Citation details Objective

Hirschfield (2012) (95) Presents efficacy/safety results from the open-
label long-term extension phase

Conference poster

Kowdley (2011) (96) Presents efficacy/safety data of 12-week
double-blind treatment phase

Conference abstract

Kowdley (2011b) (97) Presents efficacy/safety data of 12-week
double-blind treatment phase

Conference abstract

Kowdley (2014) (98) Presents efficacy/safety results from the open-
label long-term extension phase

Conference abstract

Kowdley (2015) (99) Presents efficacy/safety results from the open-

label long-term extension phase

Conference abstract
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Table 12: Included articles relating to the Phase 2 study 747-202

Citation details

Objective

Hirschfield (2011) (100)

Slide deck

Presents efficacy/safety results from the open-
label long-term extension phase

Hirschfield (2012) (95)

Conference poster

Presents efficacy/safety results from the open-
label long-term extension phase

Hirschfield (2015) (101)

Full publication

Presents efficacy/safety data from the 12-week
double-blind treatment phase and open label
extension phase

Marschall (2010) (102)

Conference abstract

Presents efficacy/safety data of 12-week
double-blind treatment phase

Mason (2010) (103)

Conference abstract

Presents efficacy/safety data of 12-week
double-blind treatment phase

Table 13: Included articles relating to the Phase 3 study POISE

Citation details

Objective

Kowdley (2014) (98)

Conference abstract

Presents results from the open-label long-term
extension phase

Andreone (2016) (104)

Conference abstract

Subgroup analysis of Italian patients enrolled in
POISE

Edwards (2016) (105)

Conference abstract

Analysis of relationship between plasma total
OCA exposure and changes in alkaline
phosphatase and bilirubin

Malecha (2016) (106)

Conference abstract

Analysis of baseline factors associated with
pruritus

Mayne (2015) (107)

Conference abstract

Analysis of validated methods to quantify
pruritus

Mayo (2016) (108)

Conference abstract

Analysis of strategies to mitigate pruritus

Nevens (2014) (109)

Conference abstract

Presents efficacy/safety data from the 1-year
double-blind treatment phase

Nevens (2016) (31)

Full publication

Presents efficacy/safety data from the 1-year
double-blind treatment phase and 2-year open
label extension phase

Pares (2015) (110)

Conference abstract

Analysis of effect of OCA on bone mineral
density

Pencek (2015) (111)

Conference abstract

Analysis to support early up-titration (<6
months) from 5 to 10 mg OCA/day

Peters (2015) (112)

Conference abstract

Presents safety results from the open-label
long-term extension phase

Peters (2016) (113)

Conference abstract

Presents safety results from the open-label
long-term extension phase
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Citation details Objective

Trauner (2015) (114) Presents data on markers of cholestasis from
the open-label long-term extension phase
Conference abstract

Trauner (2016) (115) Presents data on markers of cholestasis from
the open-label long-term extension phase in
Conference abstract patients treated with <10 mg OCA/day

Table 14: Included articles with integrated analyses

Citation details Objective

Invernizzi (2015) (116) Integrated analysis from the two phase Il and
Phase 11l POISE RCTs in patients treated with

Conference abstract OCA <10 mg/day

Jones (2015) (117) Integrated analysis from the two phase Il and
Phase Il POISE RCTs restricted to patients

Conference abstract with elevated bilirubin

Lutz (2016) (118) Integrated analysis from the two phase Il and
Phase 11l POISE RCTs according to baseline

Conference abstract disease severity

Mayne (2015) (119) Integrated analysis from the OCA 10 mg
treatment arm of the two phase Il and Phase Il

Conference abstract POISE RCTs according to baseline alkaline
phosphatase levels

Pencek (2015b) (120) Integrated analysis from the two phase Il and
Phase Il POISE RCTs based on age and

Conference abstract gender

Pencek (2016) (121) Integrated analysis from the two phase Il and
Phase Il POISE RCTs based on age and

Conference abstract gender

4.3 Summary of methodology of the relevant randomised

controlled trials

The clinical study programme for OCA includes two Phase 2 studies (Study 747-201 (96,
97, 122) and 747-202 (101, 123, 124)) and one pivotal Phase 3 study (Study 747-301 -
POISE (93, 109)), all of which had long-term safety extensions (LTSESs). The double-
blind phases of these trials are completed, and the results from the double-blind phase of
POISE are presented as the main efficacy evidence in Section 4.7.1, and of the two
Phase 2 studies in Section 4.7.2 as supporting evidence. The LTSE phases of POISE
and 747-201 are ongoing and the LTSE phase of 747-202 is completed. Interim/final
results (as applicable) of these LTSEs are summarised as supporting evidence in
Section 4.7.2.

4.3.1 Study objectives

The primary objectives of POISE were to assess the effects of OCA in subjects with PBC
on serum ALP and total bilirubin (composite endpoint) and to evaluate the safety profile
of OCA.

The secondary objectives were to evaluate the effects of OCA in subjects with PBC on:

e Hepatocellular injury and liver function, including histology (inflammatory, structural
[portal, parenchymal], and fibrotic assessments)
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e Disease-specific symptoms

e Biomarkers and non-invasive assessments of liver fibrosis
e Bile acids

e Other exploratory evaluations

The objectives of the LTSE phase of the study were the same as for the double-blind
phase.

4.3.2 Study design

POISE was a 12-month international, multi-centre, Phase 3, randomised, double-blind,
placebo-controlled, parallel group study in subjects aged 218 years with PBC. The study
was designed to assess the efficacy, safety, and tolerability of OCA by evaluating a
titration group and a fixed dose group. In the titration group, subjects initiated treatment
on 5 mg OCA once daily (OD), increasing to 10 mg OCA at 6 months if they met defined
criteria (see Section 4.3.2.2). Subjects in the fixed dose group received a fixed dose of
10 mg OCA OD. Subjects who were taking UDCA at the time of randomisation continued
to do so at prescribed doses and frequency for the study duration, and those who were
intolerant to UDCA took only study drug or placebo. All subjects were screened for
eligibility during an 8-week screening period prior to entering the study to allow for
collection of repeat serum chemistry samples (at least 2 weeks apart), if necessary, to
confirm pre-treatment ALP and total bilirubin values.

Figure 9: Study design
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Abbreviations: BL, baseline; ITT, intention-to-treat; UDCA, ursodeoxycholic acid; W, week.
TIf patients were on UDCA at screening, they were to continue on UDCA throughout the study. A small
proportion of subjects in the study did not receive UDCA (7%), and therefore received OCA as monotherapy.
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Following completion of the 12-month double-blind phase, subjects, including those who
received placebo, were given the opportunity to enrol in the open-label LTSE phase of
the study. The Month 12 visit from the double-blind phase served as the Day 1 visit of
the LTSE phase. To preserve blinding for the double-blind phase, subject treatment
allocation in the double-blind phase was not made available until all the double-blind
data were final and a ‘clean’ database was locked, which was more than 12 months for
the first subjects who enrolled in the study.

Because subjects were unaware of previous treatment (placebo/5 mg OCA/10 mg OCA),
all subjects in the LTSE started at an initial dose of 5 mg OCA. Doses could be up-
titrated or down-titrated as described in Section 4.3.2.2. Subjects who received study
drug (OCA or placebo) in combination with UDCA during the double-blind phase were to
continue taking UDCA during the LTSE phase. However, any subject who had a clinically
significant therapeutic response during the LTSE phase was able to have their UDCA
withdrawn if determined clinically appropriate by the investigator. Subjects who received
study drug as monotherapy in the double-blind phase were to receive OCA monotherapy
in the LTSE phase.

The study design of the LTSE phase is presented in Figure 10. Subjects were contacted
by study site staff 2 weeks after starting the LTSE phase to ensure compliance and
record any AEs. Clinic visits for study procedures and clinical laboratory evaluations
occurred every 3 months. If a subject withdrew from the study early, all of the end-of-
treatment evaluations were performed at the time of withdrawal. Additionally, the subject
returned for a follow-up visit 4 weeks after their final dose of OCA.

Figure 10: LTSE phase study design
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Abbreviations: LTSE, long-term safety extension; M, month; OCA, obeticholic acid; UDCA, ursodeoxycholic
acid.

T Subjects who had a clinically significant therapeutic response during the open-label LTSE phase could
have their UDCA withdrawn if determined clinically appropriate by the investigator.

4.3.2.1 Randomisation and stratification

In the double-blind phase, subjects were randomised in a 1:1:1 ratio via an interactive
web response system (IWRS) to the placebo group, the OCA titration group, or the OCA
10 mg fixed dose group.

Randomisation was stratified according to pre-identified criteria:
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e a group at higher risk of developing clinical outcomes based on ALP, AST, and
total bilirubin levels, i.e. Paris | criteria (ALP >3x ULN and AST >2x ULN and total
bilirubin >ULN) (11); and

¢ the small group of subjects who could not tolerate UDCA therapy.

In addition, subjects were stratified by the presence or absence of the following
biochemical response criteria and tolerance to UDCA treatment:

e ALP >3x ULN and/or AST >2x ULN and/or bilirubin >ULN, and intolerant to UDCA

e ALP <3x ULN and/or AST =2x ULN and/or bilirubin <ULN, and intolerant to UDCA

e ALP >3x ULN and/or AST >2x ULN and/or bilirubin >ULN, and currently taking
UDCA

e ALP <3x ULN and/or AST <2x ULN and/or bilirubin <ULN, and currently taking
UDCA

4.3.2.2 Study drugs

In the double-blind phase, subjects randomised to the fixed dose group received 10 mg
OCA OD throughout the double-blind phase. Subjects randomised to the titration group
received OCA 5 mg OD for the initial 6-month period. A request for titration to OCA

10 mg OD for the remainder of the double-blind phase (Months 6-12) could be made by
the investigator via the IWRS for subjects who met any of the following criteria at the
Month 6 assessment:

e ALP =1.67x ULN, and/or

e Total bilirubin >ULN, or

e <15% ALP reduction at month versus the mean pre-treatment value, and

e Provided AEs (e.g. severe pruritus) did not limit the administration of the higher
dose of OCA.

Both the investigator and the subject remained unaware whether or not titration had
occurred.

At the start of the LTSE phase, subjects were unaware of previous treatment

(placebo/5 mg OCA/10 mg OCA) in order to preserve blinding for the double-blind
phase. Therefore, all subjects in the LTSE started at an initial dose of 5 mg OCA. Doses
could be up-titrated in 5 mg increments not more than once every 3 months following
discussion with and approval by the sponsor, to a maximum of 25 mg, if the subject met
the same criteria as for up-titration in the double-blind phase.

Based on the investigator’s clinical judgement, subjects could be titrated to lower doses.
As down-titration was likely to occur due to an AE, the investigator was to determine
whether to gradually down-titrate in 5 mg increments or whether to down-titrate directly
to the new intended dose, e.g. directly from 25 mg to 15 mg.

4.3.2.3 Selection of doses used

In the Phase 2 studies 747-201 (OCA 10 mg and 50 mg) and 747-202 (OCA 10 mg,

25 mg, and 50 mg) (see Section 4.7.2), OCA significantly reduced ALP levels in subjects
with PBC, and no dose-relationship was observed (i.e. OCA 10 mg was as effective as
OCA 50 mg). However, a dose-related increase in the incidence and severity of pruritus
was observed across the dose range evaluated. It therefore appears that a lower dose of
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OCA is associated with a lower incidence of pruritus without compromising effectiveness.
Therefore, POISE was designed to assess the efficacy, safety, and tolerability of a lower
dose of OCA (5 mg) and a 10 mg dose. This also corresponds to the proposed licensed
indication, whereby patients initiate treatment with 5 mg OCA and titrate to 10 mg OCA.

4.3.2.4 Blinding

Blinding was employed in the double-blind phase. Tablets of 5 mg OCA, 10 mg OCA and
placebo were visually identical, thus ensuring the double-blind nature of the study.
Investigational product bottles were not labelled with either a subject randomisation

number or tablet strength.

Access to randomisation codes and the corresponding treatment assignment was made
available through IWRS to the appropriate Sponsor designee(s) who were responsible
for reporting SAESs to the regulatory authorities. This information could be accessed only
in the event of a medical emergency. No other Sponsor personnel or vendor/clinical
research organisation had access to blinded subject treatment codes until all study data
had been entered into the study database, validated, and the database locked.

4.3.3 Eligibility criteria

Key inclusion and exclusion criteria are shown in Table 15.

Table 15: Key inclusion and exclusion criteria

Key inclusion criteria

Key exclusion criteria

Male or female aged =18 years

Definite/probable PBC diagnosis' as
demonstrated by the presence of 22 of the
following:

Elevated ALP levels for at least
6 months

Positive AMA titer or if AMA
negative and/or low titer (<1:80)
PBC specific antibodies (anti-
GP210 and/or anti-SP100) and/or
antibodies against the major M2
components (PDC-E2, 2-oxo0-
glutaric acid dehydrogenase
complex)

Liver biopsy result consistent with
PBC

ALP =21.67x ULN and/or total bilirubin >ULN
but <2x ULN

Taking UDCA for 212 months prior to
randomisation with a stable dose for =3
months, or no UDCA for 23 months prior to
randomisation if unable to tolerate UDCA

Female subjects to be post-menopausal,
surgically sterile, or prepared to use =1
effective method of contraception during
the study period and for 30 days after end
of trial

o

History or presence of other concomitant
liver disease®

Clinical complications of PBC or clinically
significant hepatic decompensationT

Severe pruritus or pruritus requiring
systemic treatment (e.g. with BAS or
rifampicin) within 2 months prior to
randomisation

Administration within 6 months prior to
randomisation and throughout the study of
azathioprine, colchicine, cyclosporine,
methotrexate, mycophenolate mofetil,
pentoxifylline; fenofibrate or other fibrates;
budesonide and other systemic
corticosteroids; potentially hepatotoxic
drugs (including a-methyl-dopa, sodium
valproic acid, isoniazide, or nitrofurantoin)

Administration within 12 months prior to
randomisation and throughout the study of
antibodies or immunotherapy directed
against interleukins or other cytokines or
chemokines

Previous participation in a clinical trial using
OCA

History or presence of clinically concerning
cardiac arrhythmias, or prolongation of QT
or QTc interval (>500 ms)

Pregnancy or lactating
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Key inclusion criteria Key exclusion criteria

e History of HIV infection

e Presence of any disease or condition that
interferes with the absorption, distribution,
metabolism, or excretion of drugs including

bile salt metabolism in the intestine.
Patients with inflammatory bowel disease
or who have undergone gastric bypass
procedures will be excluded (gastric lap
band is acceptable)

e Medical conditions that could cause non-
hepatic increases in ALP (e.g. Paget's
disease) or that could diminish life
expectancy to <2 years, including known
cancers

e History of alcohol* or other substance
abuse within 1 year prior to randomisation

e Blood or plasma donation within 30 days
prior to randomisation

e Mentally unable to complete a signed
consent form

Abbreviations: AASLD, American Association for the Study of Liver Disease; ALP, alkaline phosphatase;
AMA, anti-mitochondrial antibody; BAS, bile acid sequestrants; EASL, European Association for the Study of
Liver; HIV, human immunodeficiency virus; MELD, Model for End Stage Liver Disease; OCA, obeticholic
acid; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid; ULN, upper limit of normal.

TConsistent with AASLD and EASL Practice Guidelines (33, 34). $Hepatitis C virus infection, primary
sclerosing cholangitis, alcoholic liver disease, definite autoimmune liver disease, overlap hepatitis, non-
alcoholic steatohepatitis, or Gilbert’s syndrome. Subjects with hepatitis B virus were also excluded; however,
subjects who had seroconverted could be included following consultation with the medical monitor. f'ncludes
history of liver transplantation, current placement on a liver transplant list, current MELD score 215 (MELD is
a scoring system for assessing the severity of chronic liver disease, where the higher the score, the more
severe the disease), portal hypertension with complications, cirrhosis with complications, hepatorenal
syndrome (type | or ), or screening serum creatinine >2 mg/dL. *Defined as consumption of more than

210 mL of alcohol per week (i.e., the equivalent of 14 4-ounce (125 mL) glasses of wine or 14 12-ounce
cans/bottles of beer).

434 Location

The double-blind phase of the study was conducted in 59 sites in 13 countries in different
geographical regions. Locations included the US (15 sites), Germany (10 sites), UK (9
sites), Poland (5 sites), the Netherlands (4 sites), Italy (4 sites), Australia (3 sites),
Canada (2 sites), Spain (2 sites), Austria (2 sites), Belgium (1 site), France (1 site), and
Sweden (1 site). The sites in the UK included 7 sites in England (London, Oxford,
Newcastle-Upon-Tyne, Birmingham, Nottingham, Bristol, and Manchester) and 2 sites in
Scotland (Larbert and Dundee).

The LTSE phase was conducted in the same sites as the double-blind phase of the
study, with the exception of the US, where there were 14 sites in the LTSE phase
compared with 15 sites in the double-blind phase.

4.3.5 Prior and concomitant therapy

Prohibited medication is listed as part of the trial exclusion criteria in Table 15.

Company evidence submission template for obeticholic acid [ID785] 53




Administration of the following medications was permitted as specified below:

e Topical or inhaled corticosteroids

e Herbal supplements or botanical preparations that are purported to affect the liver
(e.g. milk thistle), provided that the dose and treatment regimen of these agents
was kept constant during the double-blind phase.

e UDCA treatment for those patients who were taking UDCA at study entry

e Bile acid sequestrants (BAS) or aluminium hydroxide or smectite-containing
antacids. Subjects were instructed to stagger their dosing of investigational product
(and UDCA if taking) and BAS and/or antacids, ensuring at least 4 hours between
doses of the BAS and/or antacids and investigational product (and UDCA if taking).

e Hormonal contraceptives

Concomitant medications were to be kept at a stable dose prior to randomisation.
Investigators endeavoured to keep the doses of all concomitant medications the same
during the course of the study, where medically appropriate. Subjects with other
concomitant conditions that were not well controlled or whose medication needs were
anticipated to change during the study were not enrolled in the study.

4.3.6 Study endpoints

4.3.6.1 Primary endpoint

The primary endpoint for the double-blind phase of the trial was the percentage of
subjects achieving a composite endpoint of:

e ALP <1.67x ULN, and
¢ total bilirubin <ULN, and
e ALP decrease 215% from baseline

in the 10 mg OCA fixed dose group at Month 12.

Secondary analyses of the primary endpoint included the percentage of subjects
achieving the primary endpoint in the OCA titration group at Month 12, the percentage of
subjects reaching the endpoint at Week 2, Month 3, Month 6 and Month 9, and
comparing the 10 mg OCA fixed dose group with the OCA titration group at Month 6.

The primary variable for the LTSE phase was the percentage of subjects achieving the
composite endpoint based on previous treatment in the double-blind phase (i.e. 5 mg
OCA, 10 mg OCA, or placebo).

Justification for the use of a composite surrogate endpoint

ALP is a key biochemical marker of PBC disease, and elevated bilirubin is indicative of
end-stage disease. Both ALP and bilirubin are commonly used in an array of algorithms
to predict survival and transplant outcomes in patients with PBC (11-13, 16, 125, 126). A
patient-level meta-analysis study by Lammers et al demonstrated the significant
prognostic value of ALP and bilirubin levels on long-term clinical outcomes in patients
with PBC (15). The study demonstrated that lower levels of ALP and bilirubin strongly
correlated with a longer transplant-free survival in a log linear manner. Of patients with
ALP <2.0x ULN, 84% survived for 10 years compared with 63% of those with levels
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>2.0x ULN, and of patients with bilirubin <1.0x ULN, 86% survived for 10 years versus
just 41% in patients with bilirubin >1.0x ULN (15). When evaluating ALP alone, attaining
an ALP <1.67x ULN is associated with a statistically significantly reduced risk of disease
progression over the subsequent 10 years, and is therefore a key clinical goal when
evaluating the effectiveness of treatment in patients with PBC (18).

In addition, bilirubin is an independent predictor of PBC prognosis and disease
progression, and was used as an endpoint to support the approval of UDCA in the EU.
Importantly, changes in ALP and bilirubin occur during different stages of PBC disease
progression, with ALP changes occurring during the early/asymptomatic stages whereas
changes in bilirubin occur during the later/decompensated stages of the disease.
Therefore, the prognostic value of these surrogate markers is significantly increased
when combined and evaluated together (15). Momah et al from the Mayo clinic
evaluated different biochemical thresholds versus a combination of clinical outcomes
such as varices, ascites, death, or liver transplantation in a cohort of UDCA-treated
patients, and concluded that combining ALP and bilirubin (ALP <1.67x ULN and bilirubin
<1 mg/dL) was the most discriminating of the algorithms they evaluated (17).

The validity of the combined surrogate endpoint proposed by Momah et al has since
been supported by a meta-analysis of patient-level data from the Global PBC study (15).
The Global PBC study comprised data from 4,845 patients from 15 centres in North
America and Europe, and is the largest international database of PBC patients to date.
The Global PBC study demonstrated that the combined use of ALP and bilirubin levels
provided greater prognostic predictability versus either component alone (15). Therefore,
the use of both ALP and bilirubin for evaluating patients with PBC represents an
evidence-based, clinically meaningful surrogate endpoint for use in clinical studies (15).

Consistent with the data presented above for the combined prognostic value of ALP and
bilirubin, a composite endpoint of ALP <1.67x ULN (200 U/L) and bilirubin <ULN

(20 umol/L) was used in POISE. In addition, a minimum ALP reduction of 215% from
baseline was also included as part of the composite endpoint. This was incorporated as
a conservative estimate so that patients were excluded who had only a small change in
ALP from slightly above 200 U/L at baseline to slightly below this level. This ensured that
only subjects with a relevant clinical effect were judged to have a successful
response.

Due to the rarity, slow rate of progression in most patients, and chronic nature of PBC, it
is a challenge to design studies based on absolute clinical long-term outcomes such as
transplant-free survival and mortality. Therefore, there is a need to consider the use of
surrogate endpoints to predict clinical benefit. As described above, ALP and bilirubin
strongly predict the prognosis of PBC. In addition, NICE have previously accepted
surrogate endpoints in the appraisals of other treatments, such as diabetes (127) and
idiopathic pulmonary fibrosis (128).
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4.3.6.2 Secondary endpoints for the double-blind phase of POISE

ALP response rates

Secondary efficacy endpoints relating to ALP levels were:

e Absolute and percentage change from baseline in ALP at Month 6 and Month 12

e Percentage of subjects with a decrease in ALP from baseline of 210%, =15%,
220%, and 240% at Week 2, Month 3, Month 6, Month 9 and Month 12,
summarised by treatment group

e Percentage of subjects with ALP <ULN, summarised by treatment at all post-
baseline assessments

Consistent with the log linear relationship between outcomes and ALP, the Global PBC
study found that reductions in ALP were associated with increased survival with a
favourable hazard ratio for all categorical percentage reductions. Statistical significance
was achieved with reductions of 20-30% and >40% (15).

Biochemical treatment response criteria

The percentage of subjects meeting the Paris I, Paris Il, Mayo Il, Toronto Il, or
Rotterdam response criteria were summarised by treatment group at Week 2, Month 3,
Month 6, Month 9, and Month 12. The analysis was repeated for the subgroups of
subjects who met and did not meet the requirement of a responder at baseline for the
endpoint analysed. The different response criteria are defined in Table 16.

Table 16: Biochemical treatment response criteria

Disease severity criteria Responder criteria
Paris IT (11) ALP =3x ULN and AST =<2x ULN and total
bilirubin <ULN
Paris Il (12) ALP =1.5x ULN and AST <1.5x ULN and total
bilirubin <ULN
Toronto 1l (18) ALP =1.76x ULN
Mayo It (17) ALP =1.67x ULN and total bilirubin <ULN
Rotterdam (13) Normal bilirubin (SULN) and normal albumin
(=LLN) after treatment when one or both
parameters were abnormal before treatment

Abbreviations: ALP, alkaline phosphatase; AST aspartate aminotransferase; LLN, lower limit of normal; ULN,
upper limit of normal.

TDeviation from Paris | and Mayo Il incorporates total bilirubin SULN instead of <1 mg/dL of normal total
bilirubin levels.

In addition, the number and percentage of subjects with:

e Normal bilirubin (SULN) and normal albumin (=LLN),
e Moderate (bilirubin >ULN or albumin <LLN), and
e Severe (bilirubin >ULN and albumin <LLN)

were summarised by treatment group at baseline, Week 2, Month 3, Month 6, Month 9
and Month 12.
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Clinical laboratory values

The absolute and percentage change from baseline in ALP, GGT, ALT, AST, total and
conjugated (direct) bilirubin, albumin, and prothrombin time (PT) and international
standardised ratio (INR) (both measure to determine the clotting tendency of blood) were
summarised by treatment group and visit.

The majority of patients display abnormal liver function tests and typically include
elevated ALP, GGT, and mild elevations of AST. During the later stages of the disease,
elevations of bilirubin, PT and INR are typically observed (33, 34, 43). Changes in liver
function tests relate to the stage of the disease and the severity of any underlying
histological lesions (34).

Questionnaires
PBC-40

The PBC-40 is a PBC-specific, validated questionnaire that has significantly greater
relevance to problems specifically associated with PBC as opposed to other frequently
used health-related quality of life (HRQoL) measures (129). The absolute change from
baseline in six domains (cognitive, social, emotional function, fatigue, itch, and general
symptoms) were summarised by treatment using descriptive statistics at Week 2, Month
3, Month 6, Month 9, and Month 12.

Patient research questionnaire

A simple patient research questionnaire was administered at Month 12, or at termination
if the subject withdrew from the study prior to this, to request feedback about the
subjects’ perception of the study.

Biomarkers and non-invasive assessments of liver fibrosis

The absolute change from baseline was measured for:

e Markers of hepatic fibrosis, inflammation and other disease relevant biomarkers,
including CRP, tumour necrosis factor-a (TNF-a), transforming growth factor-3
(TGF-B), fibroblast growth factor-19 (FGF-19), Interleukin-6 (IL-6), CK-18,
autotaxin, and lysophosphatidic acid (LA), at Month 6 and Month 12

e Enhanced liver fibrosis (ELF) score and its components hyaluronic acid (HA),
procollagen-3 N-terminal peptide (P3NP), and tissue inhibitor of metalloproteinase
1 (TIMP-1) at Month 6 and Month 12

¢ Hepatic stiffness measurements (at selected study sites) at Month 12, assessed by
transient elastography (TE).
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Bile acids

The absolute values and the change from baseline were summarised by treatment group
for the following at Month 6 and Month 12:

e Total bile acids, total endogenous bile acids, and totals for the individual bile acids
(UDCA, chenodeoxycholic acid [CDCA], deoxycholic acid [DCA], cholic acid [CA]
and lithocholic acid [LCA]) and their respective conjugates

¢ Proportion of each of the individual bile acids relative to total bile acids

Subijects taking UDCA and subjects not taking UDCA were analysed separately. Only
samples from subjects who had a confirmed fasting of approximately 8 hours or more
prior to their visit were included in the analysis.

OCA PK analysis

The values at Month 6 and Month 12 for OCA (unconjugated), glyco-OCA, tauro-OCA,
and total OCA were summarised by active treatment group. Only samples from subjects
who had a confirmed fasting (based on the eCRF) of approximately 8 hours or more prior
to their visit were included in the analysis.

The effect of BAS on OCA and total bile acid concentration, as well as the percentage
change in ALP, were explored as part of the PK analysis. Relationships between plasma
total OCA concentrations (unconjugated and conjugated) and FGF-19 concentrations,
endogenous bile acid concentrations, ALP and liver enzyme levels, and severity of
pruritus were explored, as appropriate.

Safety

Treatment-emergent adverse events (TEAES) were defined as any adverse events (AES)
that newly appeared, increased in frequency, or worsened in severity following initiation
of investigational product. The incidence of TEAEs were recorded by treatment group.

Pruritus is considered an AE of special interest because it is both the most common
symptom of PBC and the most frequently reported AE in the Phase 2 PBC studies for
OCA. The 5-D pruritus questionnaire and a pruritus VAS were used at Week 2, Month 3,
Month 6, Month 9 and Month 12, and results and changes from baseline were
summarised at all time points.

Clinical laboratory evaluations

Physical examination, vital signs (blood pressure, heart rate and temperature), body
weight and BMI, electrocardiogram, Dual-emission x-ray absorptiometry (DEXA) scan of
the femoral neck and lumbar spine (to measure bone mineral density), Mayo Risk Score
(MRS, a scoring system to assess survival) and MELD score (a scoring system for
assessing the severity of chronic liver disease) were assessed at Week 2, Month 3,
Month 6, Month 9 and Month12.
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4.3.6.3 Secondary endpoints for the LTSE phase of POISE

Clinical laboratory values

The absolute and percentage change from baseline in ALP, GGT, ALT, AST, total and
conjugated bilirubin, albumin, PT and INR were measured.

ALP response rates

The percentage of subjects with the following were measured:

e Decrease from baseline in ALP of 215% and 240%
e ALP <ULN

e ALP <2x ULN (15)

e ALP <1.76x ULN (18)

e ALP <1.67x ULN (18)

Biochemical treatment response criteria

The percentage of subjects meeting the Paris | (11), Paris Il (12) and Mayo Il (17)
response criteria were measured. Definitions of these criteria can be found in Section
4.3.6.2.

Disease-specific symptoms

The absolute change from baseline in disease-specific symptoms were assessed using
the HRQoL PBC-40 domain scores (general symptoms, itch, fatigue, cognitive function,
social, emotional).

Biomarkers and non-invasive assessments of liver fibrosis

The following were measured:

¢ Absolute change from baseline in ELF score and its components HA, P3NP and
TIMP-1

¢ Absolute change from baseline in hepatic stiffness (at selected study sites)

¢ Absolute and percentage change from baseline in other markers of hepatic fibrosis,
inflammation, and other disease-relevant biomarkers, including CRP, TNF-a, TGF-
B, FGF-19, IL-6, and CK-18

Antibodies

The absolute change from baseline in PBC antibodies (IgA, 1gG and IgM) and other
cytokines and interleukins (IL-12 and IL-23) were measured.

Pharmacokinetics and pharmacodynamics

The change from baseline in OCA and bile acids were summarised, including descriptive
statistics of OCA plasma concentrations and the extent of BAS exposure. Initial
evaluations of the effects of BAS on OCA, total bile acid concentrations and ALP were
performed.
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Safety

Safety endpoints included the following:

e TEAES, serious adverse events (SAEs), severe AEs, related AEs, AEs leading to
study drug withdrawal or study discontinuation, and AEs leading to death

e AEs of special interest: pruritus, hepatic disorders, dyslipidaemia, and
cardiovascular disorders

e Physical examination

e Body weight and BMI

e Vital sigh measurements

e 12-lead electrocardiograms

e DEXA scans

e Patient questionnaires: 5-D pruritus and Pruritus visual analogue scale (VAS)

¢ Clinical laboratory evaluations: haematology, serum chemistry, urine chemistry,
and lipoprotein analytes

¢ MRS and MELD score

4.4 Statistical analysis and definition of study groups in
POISE

441 Analysis populations

Intention-to-treat (ITT) population: All randomised subjects who received at least one
dose of investigational product, with treatment assignment based on the randomised
treatment. The ITT population was used for the summary of baseline characteristics and
summaries and analyses of efficacy data in the double-blind phase.

Completer population: For the double-blind phase, the completer population consisted
of all randomised subjects who received at least one dose of investigational product and
participated through the duration of the double-blind phase (12 months), with treatment
assignment based on the randomised treatment. For the LTSE phase, the completer
population included all subjects who were exposed to OCA for at least a specified time,
allowing for interim annual data cut-offs updated each year to include an additional year
of completed minimum exposure time. The completer population was used to summarise
specified baseline characteristics and additional analyses of efficacy data

Efficacy evaluable (EE) population: The EE population was only used in the double-
blind phase, and included all subjects in the completer population who did not have any
major protocol deviations that could potentially affect the efficacy of the investigational
product. The EE population was used in the double-blind phase for the summary of
baseline characteristics and summaries and analyses of efficacy data, unless the
exclusion of subjects from the completer population was less than 10%.

Pharmacokinetic (PK) population: All subjects who had at least one confirmed fasting
analysable sample at the Month 6 or Month 12 visit, and who did not have any major
protocol deviations that could potentially affect exposure levels. The PK population was
used for the bile acid and OCA PK analyses.
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Safety population: All subjects who received at least one dose of investigational
product, with treatment assignment based on the treatment actually received. The safety
population was used for the analysis of all safety data in the double-blind phase and for
the analysis of all safety and efficacy data in the LTSE phase.

442 Primary hypothesis

The null hypothesis for the primary efficacy endpoint in the double-blind phase was that
the response rates to the primary efficacy analysis at 12 months are equal between the
placebo and OCA 10 mg fixed dose treatment groups.

4.4.3 Determination of sample size

In the double-blind phase, the planned sample size was approximately 180 subjects (60
in each group). A previous Phase 2 study found that 9% of subjects receiving placebo
and 40% of subjects receiving OCA 10 mg achieved a positive response to this study’s
endpoint. Assuming slightly more conservative response rates of 14% and 40%,
respectively, and based on the use of a two-sided test of equality of binomial proportions
at the 5% level of significance, a sample size of 60 subjects per group would provide
90% power to detect a difference between the 10 mg fixed dose OCA group and the
placebo group.

Due to a screening window of up to 8 weeks, some subjects had already successfully
completed screening procedures, met all inclusion criteria, and had been scheduled for
randomisation after the planned sample size of 180 subjects had been met. These
subjects proceeded to be randomised upon approval by the Sponsor.

No formal sample size calculations were performed for the LTSE phase of the study,
since all subjects who completed treatment during the double-blind phase were
eligible to continue into the LTSE phase.

44.4 Statistical analyses

Statistical analyses of the primary and secondary outcomes in the double-blind phase,
including sensitivity analyses, are summarised in Table 17.
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Table 17: Statistical analyses

Endpoint

Statistical analyses

Primary endpoint

Primary efficacy analysis

Completed using a CMH test stratified by the randomisation stratification factor. Missing values were considered a non-
response. Statistical significance was declared if the p-value was <0.05.

Secondary analyses of the
primary endpoint

The same statistical methods described for the primary endpoint were used.

Secondary endpoints

ALP response rates

The same statistical methods described for the primary endpoint were used.

Biochemical treatment
response criteria

The same statistical methods described for the primary endpoint were used for the percentage of subjects meeting the
response criteria. Only descriptive statistics were provided for the subgroup of subjects who met the criteria of a responder
at baseline.

Clinical laboratory values

Analyses of observed laboratory values were performed using an ANCOVA model at each visit, with absolute change from
baseline as the dependent variable, including treatment group and randomisation stratification factor as fixed effects and
baseline value as a covariate. The same analysis was performed using percentage change from baseline as the
dependent variable. The results, as well as estimates of LS means, SE, and 95% CIs, were presented by treatment group.
Estimates of the mean difference between each OCA group and placebo, the SE of the difference, and 95% ClI of the
difference were also presented.

Questionnaires

PBC-40 results were summarised using descriptive statistics for each domain score. The change from baseline for each
domain score was analysed using the same ANCOVA model described for the analysis of clinical laboratory values.
Results from the patient research questionnaire were presented as frequency counts of the responses.

Biomarkers and non-invasive
assessments of liver fibrosis

Hepatic stiffness and the ELF score and its components were summarised using descriptive statistics. The absolute
change from baseline was analysed using the same ANCOVA model described for the analysis of clinical laboratory
values.

Bile acids

The absolute values and the change from baseline were summarised using descriptive statistics. For total UDCA and total
endogenous bile acid, the change from baseline concentrations within each treatment group was compared using a paired
t-test.

OCA PK analysis

Values for OCA (unconjugated), glyco-OCA, tauro-OCA, and total OCA, and the extent of BAS exposure were
summarised using descriptive statistics. Initial evaluation of the effects of BAS on OCA and total bile acid concentration, as
well as on ALP, was performed using correlation analysis (bile acid concentrations and ALP versus the extent of BAS
exposure prior to Month 6 and Month 12 endpoints). For total bile acids, the regression analysis was performed on
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Endpoint

Statistical analyses

absolute values as well as absolute and percentage change from baseline by treatment group. For OCA, the regression
analysis was performed on absolute values by active treatment group (OCA titration and OCA 10 mg fixed dose). For ALP,
the regression analysis was based on the percentage change from baseline values by treatment group. For Month 12
assessments, separate summaries were provided for subjects in the OCA titration group who remained at 5 mg, and for
those who titrated to 10 mg. The correlation coefficient and the estimated regression equation were included in the
correlation plots.

Safety

Investigational product exposure, average daily dose, study drug compliance and TEAEs were summarised with
descriptive statistics. For pruritus (AE of special interest), Kaplan-Meier (product-limit) estimates were calculated by
treatment group. The quartiles, including the median time-to-event and their respective two-sided 95% ClIs were
presented. The OCA treatment groups compared with placebo were summarised using a stratified log-rank test controlling
for the randomisation stratification factor. Kaplan-Meier estimates were plotted as a ‘survival curve’ for each treatment
group. Results from the 5-D pruritus questionnaire were summarised using descriptive statistics. Pruritus VAS and the
change from baseline VAS were summarised using descriptive statistics, and the change from baseline was also analysed
using the same ANCOVA model described for the analysis for clinical laboratory values.

Clinical laboratory evaluations

Clinical laboratory evaluations were summarised using descriptive statistics.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANCOVA, analysis of covariance; AST, aspartate aminotransferase; BAS, bile acid sequestrants;
Cl, confidence interval; CMH, Cochran-Mantel-Haenszel; ELF, enhanced liver fibrosis; GGT, gamma-glutamyl transferase; INR, international normalised ratio; LS, least

squares; OCA, obeticholic acid; PBC, primary biliary cholangitis; PT, prothrombin time; SE, standard error; TE, transient elastography; TEAE, treatment-emergent adverse
event; UDCA, ursodeoxycholic acid; ULN, upper limit of normal; VAS, visual analogue scale.
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4.5 Participant flow in the relevant randomised controlled
trials

451 Patient disposition

In total, 217 subjects were randomised. Of these, 144 were randomised to receive
treatment with OCA, and 73 were randomised to receive placebo. Of those randomised
to OCA treatment, 71 were randomised to the titration group (with a starting dose of

5 mg OCA), and the remaining 73 were randomised to the 10 mg fixed dose OCA
treatment group. In total, 216 subjects received at least one dose of study drug. Patients
were then stratified by biochemical status (see Table 18). A total of 94% and 91% of
randomised subjects completed 6 months and 12 months of the study, respectively.
There was one subject in the OCA titration group who withdrew consent after
randomisation and prior to the first dose of investigational product, leaving 70 subjects in
the ITT group (Table 19).

Table 18: Subject stratificationt

Strata Placebo, OCA titration 10 mg fixed Total,
n (%) n (%) dose OCA, n (%)
n (%)

Total 73 (100) 71 (100) 73 (100) 217

ALP >3x ULN and/or 3 (4) 3 (4) 3 (4) 94
AST >2x ULN and/or
bilirubin >ULN,
intolerant to UDCA

ALP <3x ULN and/or 2 (3) 23 2 (3) 6 (3)
AST <2x ULN and/or
bilirubin <ULN,
intolerant to UDCA

ALP >3x ULN and/or 23 (32) 22 (31) 23 (32) 68 (31)
AST >2x ULN and/or
bilirubin >ULN,
currently taking UDCA

ALP <3x ULN and/or 45 (62) 44 (62) 45 (62) 134 (62)
AST <2x ULN and/or
bilirubin <ULN,
currently taking UDCA

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; OCA, obeticholic acid; UDCA,
ursodeoxycholic acid; ULN, upper limit of normal. TColumns may not add due to rounding.

A CONSORT flow diagram for POISE is presented in Figure 11 and analysis populations
are presented in Table 19.
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Figure 11: CONSORT diagram for POISE trial
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Abbreviations: AE, adverse event; LTSE, long-term safety extension; OCA, obeticholic acid.
Table 19: Analysis populations
Number of subjects, n (%)
Placebo OCA titration OCA 10 mg Total
fixed dose

Enrolled/randomised 73 (100) 71 (100) 73 (100) 217 (100)
ITT population® 73 (100) 70t (99) 73 (100) 216 (<100)
Completer 70 (96) 64 (90) 64 (88) 198 (91)
population™
EE populationt 67 (92) 63 (89) 62 (85) 192 (88)
PK population't 0 (0) 66 (93) 60 (82) 126 (58)
Safety population®8 73 (100) 70 (99) 73 (100) 216 (<100)

Abbreviations EE, efficacy evaluable; ITT, intention-to-treat; OCA, obeticholic acid; PK, pharmacokinetics.
TThere was one subject in the OCA titration group who withdrew after randomisation, leaving 70 subjects in
the ITT group; SAll randomised subjects who received at least one dose of investigational product. Treatment
assignment is based on the randomised treatment; TAll randomised subjects who received at least one dose
of investigational product and participated through the end of the double-blind phase (12 months). Treatment
assignment is based on the randomised treatment; *All subjects in the completer population who did not
have any major protocol deviations that could have potentially affected the efficacy of the investigational
product. Treatment assignment is based on the randomised treatment; TTAll randomised subjects who
received at least one dose of OCA who have at least one confirmed fasting sample at Month 6 and Month 12
visits (subjects must have been fasting for approximately 8 hours prior to the visit) and who did not have any
major protocol deviations that could have potentially affected exposure levels; $8All subjects who received at
least one dose of study drug. Treatment assignment is based on the treatment actually received.

4.5.2 Baseline characteristics and demographics

4.5.2.1 Baseline patient demographics

Key demographic and baseline characteristics are summarised in Table 20. Treatment
groups were well balanced for each key demographic and baseline variable. For the
overall population, mean age was 55.8 years, with a range from 29 to 86 years, and a
total of 81% of subjects were <65 years of age. As expected with PBC, the study
population was predominantly female (91%) and white (94%). The majority of the
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population was European (67%), followed by North American (29%), and Australian
(4%). The mean body weight and BMI were 69.8 kg and 26.0 kg/m?, respectively, with
82% of subjects having a BMI <30 kg/m?. Clinical expert opinion has validated that the
patient population in POISE is representative of the population with PBC in the UK.

The majority (93%) of the population were taking UDCA at baseline. A small subset of
patients (n=11) were unable to tolerate UDCA and received OCA as monotherapy.

Efficacy results for this patient subgroup are presented in Section 4.8.4.3 but should be

interpreted with caution due to low patient numbers.

Table 20: Baseline patient demographics

Placebo (n=73) OCA titration OCA 10 mg Total (n=216)
(n=70) fixed dose
(n=73)
Age, years
Mean (SD) 55.5 (10.0) 55.8 (10.5) 56.2 (11.0) 55.8 (10.5)
Median 55.0 54.5 56.0 55.0
Min, max 35,78 29, 83 30, 86 29, 86
Age subgroups, n (%)
<65 years 60 (82) 60 (86) 56 (77) 176 (81)
>65 years 13 (18) 10 (14) 17 (23) 40 (19)
Gender, n (%)
Male 5(7) 5(7) 10 (14) 20 (9)
Female 68 (93) 65 (93) 63 (86) 196 (91)
Race/ethnicity, n (%)
White 66 (90) 67 (96) 70 (96) 203 (94)
Non-white 7 (10) 3(4) 3(4) 13 (6)
Body weight, kg
Mean (SD) 70.2 (13.3) 68.2 (13.1) 71.0 (15.3) 69.8 (13.9)
Median 70.5 65.2 67.6 67.5
Min, max 41.0, 106.0 46.7,101.8 50.8, 134.0 41.0, 134.0
Region, n (%)
Europe 49 (67) 45 (64) 51 (70) 145 (67)
North America 21 (29) 20 (29) 21 (29) 62 (29)
Australia 3(4) 5() 1(1) 9 (4)
BMI, kg/m?
Mean (SD) 26.2 (4.4) 25.8 (4.9) 26.3 (5.1) 26.0 (4.8)
Median 25.9 24.5 25.1 25.0
Min, max 16.4, 37.6 17.7,40.7 20.4, 49.2 16.4, 49.2
BMI subgroups, n (%)
<30 kg/m? 58 (79) 58 (83) 61 (84) 177 (82)
>30 kg/m? 15 (21) 11 (16) 12 (16) 38 (18)
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Placebo (n=73) OCA titration OCA 10 mg Total (n=216)
(n=70) fixed dose
(n=73)
Pre-treatment liver biopsy, n (%)
Yes 7 (10) 13 (19) 9 (12) 29 (13)
No 66 (90) 57 (81) 64 (88) 187 (87)
UDCA use at baseline, n (%)
Yes 68 (93) 65 (93) 67 (92) 200 (93)
No 5 (7) 5 (7) 6 (8) 16 (7)

Abbreviations: BMI, body mass index; OCA, obeticholic acid; SD, standard deviation; UDCA,

ursodeoxycholic acid.

45.2.2 Baseline disease characteristics

PBC baseline disease characteristics are summarised in Table 21. In general, each
variable was well balanced across treatment groups. Overall, the mean age at time of
diagnosis was 47.3 years with a mean duration of PBC of 8.6 years, and there was a

comparable percentage of subjects with a duration of PBC <7.5 years versus >7.5 years.
There were slightly more subjects <50 years of age at PBC diagnosis (58%) compared
with 250 years of age.

Patients were comparable between groups based on a history of pruritus, but the overall
incidence of pruritus at baseline was slightly higher for subjects in the placebo treatment
group (64%) and OCA 10 mg fixed dose group (60%) than in the OCA titration group
(53%).0verall severity of pruritus at baseline was assessed by the investigator as mild
(43%), moderate (15%), or severe (1%).

A total of 128 (59%) subjects reported a history of fatigue prior to entering the study, with
the most recent fatigue events being mild for 34% of patients, moderate for 19% of
patients, and severe for 5% of patients. The overall incidence of fatigue was slightly
higher for subjects in the placebo treatment group (67%) than in the OCA titration and
OCA 10 mg fixed dose groups (54% and 56%, respectively).

Table 21: Baseline PBC disease characteristics: ITT population

Disease Placebo (n=73) OCA titration OCA 10 mg Total (n=216)
characteristic (n=70) fixed dose

(n=73)
History of pruritus, n (%)
Yes 47 (64) 45 (64) 45 (62) 137 (63)
No 26 (36) 25 (36) 28 (38) 79 (37)

Severity of most recent pruritus event for subjects wh

o had history of pruritus, n (%)

Mild 31 (66) 29 (64) 34 (76) 94 (69)
Moderate 14 (30) 13 (29) 8 (18) 35 (26)
Severe 1(2) 24 3(7) 6 (4)
Unknown 1(2) 1(2) 0 (0) 2
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Disease Placebo (n=73) OCA titration OCA 10 mg Total (n=216)

characteristic (n=70) fixed dose
(n=73)

Pruritus at baseline, n (%)

Yes 47 (64) 37 (53) 44 (60) 128 (59)
Mild 32 (44) 27 (39) 33 (45) 92 (43)
Moderate 13 (18) 10 (14) 10 (14) 33 (15)
Severe 23 0 (0) 1(1) 3(1)

No 26 (36) 33 (47) 29 (40) 88 (41)

History of fatigue, n (%)

Yes 49 (67) 38 (54) 41 (56) 128 (59)

No 24 (33) 32 (46) 32 (44) 88 (41)

Overall severity of PBC-related fatigue, n (%)

Mild 28 (38) 17 (24) 29 (40) 74 (34)

Moderate 16 (22) 16 (23) 8 (11) 40 (19)

Severe 3(4) 5() 3(4) 11 (5)

Age at PBC diagnosis, years

Mean (SD) 47.3(9.3) 47.6 (11.7) 47.1 (10.6) 47.3 (10.5)

Median 48.0 48.0 47.0 47.5

Min, Max 31, 74 25, 82 24,78 24, 82

Age at PBC diagnosis subgroups, n (%)

<50 years 45 (62) 38 (54) 42 (58) 125 (58)

=50 years 28 (38) 32 (46) 31 (42) 91 (42)

Mean duration of PBC, years

Mean (SD) 8.3(5.4) 8.3 (5.8) 9.2 (6.9) 8.6 (6.0)

Median 7.4 7.2 8.5 7.8

Min, max 0.9,21.8 0.3,27.0 0.0, 32.3 0.0, 32.3

Duration of PBC subgroups, n (%)

<7.5 years 39 (53) 36 (51) 30 (41) 105 (49)

>7.5 years 34 (47) 34 (49) 43 (59) 111 (51)

Abbreviations: OCA, obeticholic acid; ITT, intention-to-treat; PBC, primary biliary cholangitis; SD, standard
deviation.

4.5.2.3 Baseline liver laboratory parameters

Key baseline laboratory variables indicative of intrahepatic cholestasis, hepatocellular
injury, and synthetic hepatic function are summarised in Table 22. In general, mean
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baseline values were well balanced across treatment groups. These baseline data were
consistent with the protocol inclusion criterion for subjects with PBC with either ALP
21.67x ULN? or total bilirubin >ULN but <2x ULN, and the exclusion of subjects with
clinically significant hepatic decompensation. Mean baseline albumin values were
predominantly (81— 89%) =LLN. In addition, the majority (94—-99%) of subjects had a
baseline INR <1.3, indicative of a population in an early stage of disease progression.
Conjugated bilirubin is widely accepted as an early sign of hepatobiliary damage. The
mean conjugated bilirubin levels at baseline were approximately 1.5-2.0x ULN,
indicating evidence of hepatic dysfunction in the study population.

Mean baseline ALP values were well balanced across treatment groups, with 29% of
subjects having a baseline ALP >3x ULN. Mean baseline total bilirubin values ranged
from 10.3 pymol/L to 11.8 pmol/L across treatment groups, with 92% of subjects within
normal range. Therefore, the majority of subjects met the inclusion criterion of ALP
21.67x ULN rather than the total bilirubin criterion >ULN but <2x ULN.

As expected in this patient population with intrahepatic cholestasis, GGT was
substantially elevated across all three treatment groups (approximately 9-12x ULN).
Mean baseline GGT levels were slightly higher in the placebo group than in the OCA
groups; however, it should be noted the placebo group had a larger degree of variability
than the OCA groups.

Hepatocellular transaminases (ALT and AST) were also elevated across all treatment
groups, albeit to a much smaller magnitude (approximately 2x ULN) than GGT. This was
not unexpected, given that PBC is often associated with mild and less consistent
elevations of ALT and AST, which are typically more indicative of liver damage rather
than intrahepatic cholestasis (34).

Table 22: Baseline liver parameters: ITT population

Placebo (n=73) OCA titration (n=70) OCA 10 mg fixed
dose (n=73)
ALP, U/L
Mean (SD) 327.5 (115.0) 325.9 (116.2) 316.3 (103.9)
Min, max 143.8, 745.9 186.8, 811.0 207.1, 619.5
<3x ULN, n (%) 50 (68) 51 (73) 53 (73)
>3x ULN, n (%) 23 (32) 19 (27) 20 (27)

& ALP ULN=118.3 U/L (female) and 124.2 U/L (male); total bilirubin ULN=19.32 pmol/L (female)
and 25.48 umol/L (male).
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Placebo (n=73)

OCA titration (n=70)

OCA 10 mg fixed

dose (n=73)
Total bilirubin, pmol/L
Mean (SD) 11.8 (7.4) 10.3 (5.5) 11.3 (6.7)
Min, max 2.3, 39.3 2.1,36.4 16,344
<ULN, n (%) 66 (90) 66 (94) 66 (90)
>ULN, n (%) 7 (10) 4 (6) 7 (10)
Conjugated bilirubin, umol/L
Mean (SD) 5.5 (6.0) 4.5 (4.5) 4.9 (4.4)
Min, max 15,313 1.5, 35.2 1.5, 23.9
<ULN, n (%) 37 (51) 37 (53) 35 (48)
>ULN, n (%) 36 (49) 33 (47) 38 (52)
GGT, U/L
Mean (SD) 309.6 (449.4) 252.8 (167.0) 261.1 (207.4)
Min, max 45.2, 3263.5 43.1,727.8 48.2, 1084.0
ALT, UL
Mean (SD) 56.0 (30.3) 61.6 (39.0) 56.3 (39.7)
Min, max 17.1,174.9 17.1, 245.5 16.3, 240.2
AST, U/L
Mean (SD) 48.8 (22.4) 52.3 (25.3) 50.5 (31.1)
Min, max 20.6, 156.5 20.1,173.4 23.3,186.5
Albumin, g/L
Mean (SD) 42.8 (3.1) 43.0 (3.1) 43.7 (2.7)
Min, max 32.5, 48.0 33.0, 50.5 36.5, 49.5
<LLN, n (%) 14 (19) 8 (11) 8 (11)
2LLN, n (%) 59 (81) 62 (89) 65 (89)
INRY
Mean (SD) 0.98 (0.1) 1.07 (0.4) 1.02 (0.3)
Min, max 0.7,1.2 0.9, 3.5 0.8,3.5
<13 72 (99) 66 (94) 69 (95)
>1.3 0 (0) 3(4) 2(3)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGT, gamma-glutamyl transferase; INR, international standardised ratio; ITT, intention-to-treat; LLN, lower
limit of normal; OCA, obeticholic acid; SD, standard deviation; ULN, upper limit of normal.

TPlacebo n=72, OCA titration n=69, and OCA 10 mg fixed dose n=71.
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4.6 Quality assessment of the relevant randomised
controlled trials

A complete quality assessment for POISE is provided in Appendix 3.

4.7 Clinical effectiveness results
4.7.1 POISE

4.7.1.1 Primary efficacy endpoint at 12 months

The primary efficacy endpoint (superiority of 10 mg OCA fixed dose vs placebo,
measured by the percentage of subjects with ALP <1.67x ULN and total bilirubin <ULN
and ALP decrease 215% from baseline at 12 months) was met (see Table 23 and Figure
12). Almost five times as many patients (47% of subjects) in the OCA 10 mg fixed dose
group achieved the primary endpoint at 12 months than in the placebo group (10% of
subjects; p<0.0001). The primary efficacy analysis was repeated using the EE population
and Completer populations, which were numerically comparable with the ITT population
and statistically significant compared with placebo (p<0.0001).

The key secondary analysis of the primary endpoint demonstrated that 46% of subjects
in the OCA titration group also achieved the primary endpoint after 12 months of OCA
treatment (p<0.0001 vs placebo) (Figure 12). It is worth noting that those subjects who
failed to respond to treatment with 5 mg OCA at Month 6 in the titration group had their
dose increased to 10 mg OCA until Month 12. As such, there was an increase in the
percentage of responders in those who titrated when comparing Month 6 data with
Month 12 data. The increase in responders in this subgroup of patients is responsible for
the overall increase in responders in the OCA titration group. On the other hand, patients
who met the primary endpoint at Month 6 did not up-titrate, despite the fact that they may
have experienced further benefit from the increased dose. Indeed, some patients who
remained at 5 mg OCA were responders at Month 6 but not at Month 12. This is one of
the reasons that the SmPC recommends all patients to up-titrate from 5 mg to 10 mg
after 6 months, if OCA is tolerated.

Table 23: Summary of primary efficacy endpoint analyses

Responders (%)

Month 6 Month 12
Placebo (n=73) 7% 10%
10 mg OCA (n=73) 51% 47%
Titration OCA (n=70) 34% 46%
Titration subgroup?
Remained at 5 mg 67%° 53%
OCA for 12 months
(n=36)
Titrated to 10 mg 0% 39%
OCA at Month 6
(n=33)

Abbreviations: ALP, alkaline phosphatase; OCA, obeticholic acid.
TThere was one subject who withdrew from the trial due to an AE after 8 days of study medication, and
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therefore there were no data for this subject at Month 6 and Month 12. Of the 12 subjects who did not
respond but did not up-titrate, nine did not increase their dose due to adverse events, and three recorded
their reason as ‘other’.

Other secondary analyses of the primary endpoint included the percentage of subjects
achieving the endpoint at 2 weeks, and at 3, 6, 9 and 12 months (Figure 12). Both OCA
treatment groups were superior to placebo in achieving the composite endpoint at all
time points across the 12-month treatment period (p<0.0001 versus placebo). At

Month 6, a higher percentage of subjects in the OCA 10 mg group (51%) achieved the
composite endpoint compared with the OCA titration group (34%), which was statistically
significant (p=0.0358). However, this is not surprising given the dose response of OCA
since at this point, all patients in the OCA titration group had been receiving 5 mg per
day for 6 months compared with 10 mg per day in the OCA 10 mg fixed dose group.

Figure 12: Secondary analyses: percentage of subjects achieving the primary endpoint at
other time points

20- #p = 0.0358
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Do * R OCA 10 mg (N = 73)
50+ ' * *

Percentage of 401 *p<0.0001 vs placebo

Responders for both OCA treatment
301 * groups at all timepoints
20 *
10- |_
0 1
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Abbreviations: OCA, obeticholic acid.

* p-value for treatment group versus placebo; # p-value for the between treatment group comparison at
Month 6 of OCA titration (5 mg) and OCA 10 mg. P-values obtained using Cochran-Mantel-Haenszel tests
stratified by randomization strata factor. Missing values were considered a non-response.

In sensitivity analyses of the primary endpoint, using observed data only, both OCA
treatment groups were superior to placebo at all time points, with statistically significant
differences apparent as early as Week 2 (p<0.0001). Statistically significantly (p=0.0051)
more subjects in the OCA 10 mg group achieved the endpoint at 6 months compared
with those in the titration group (Figure 13). Between Month 6 and Month 12, the
percentage of subjects achieving the endpoint increased from 35% to 50% for the OCA
titration group and was maintained for the OCA 10 mg fixed dose group (58% at Month 6
and 55% at Month 12). As with the primary endpoint, the increase observed from Month
6 to Month 12 in the OCA titration group is attributable to the group that titrated to 10 mg
following the Month 6 visit versus those that remained on OCA 5 mg.
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Figure 13 Sensitivity analysis of primary endpoint using observed data only
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Abbreviations: OCA, obeticholic acid.
*p<0.0001; #p=0.0051 for the between treatment group comparison at Month 6 of OCA titration (5 mg) and
OCA 10 mg. p-value obtained using Cochran-Mantel-Haenszel test stratified by randomisation strata factor.

4.7.1.2 Secondary efficacy endpoints

Responders based on ALP

The percentages of subjects achieving ALP reductions of 215%, 220%, and 240% at 6
months and 12 months are summarised in Figure 14. The odds ratios of achieving each
respective reduction for both OCA groups vs placebo are summarised in Table 24. At
both time points and for each ALP category, a statistically significantly higher percentage
of OCA-treated subjects achieved the reduction in ALP compared with placebo
(p<0.0001 vs placebo for both OCA treatment groups). At 12 months, 21 (30%) and 25
(34%) subjects from the OCA titration and OCA 10 mg fixed dose groups, respectively,
achieved an ALP reduction from baseline 240% compared with 1 (1%) subject in the
placebo group.

Figure 14: Percentage reduction from baseline in ALP

215% Reduction 220% Reduction 240% Reduction
1004 1005 1001 £ Placebo (N =73)
ek Rkk kkk =1 OCA Titration (N = 70)
80 o 804 e Kk HHE 80+ Bl 10 mg OCA (N=T3)
wn RN
8
2. 607 604 60
)
7]
5 404 404 404 e e e *
=
20 ’7 204 201
0 0-
6 months 12 months 6 months 12 months 6 months 12 months

p-values versus placebo obtained using the Cochran-Mantel-Haenszel test stratified by randomisation strata
factor. ***p<0.0001.
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Table 24: Odds ratio of percentage reduction in ALP from baseline: ITT population

Odds ratio 215% reduction 220 reduction 240% reduction
OCA OCA OCA OCA OCA OCA
titration 10 mg titration 10 mg titration 10 mg
Month 6 7.8 (3.7, 12.1 (5.5, | 10.2 (4.5 | 16.1(7.0, NAT NAT
16.5) 26.5) 22.8) 36.8)
p-value for <0.0001 <0.0001 <0.0001 <0.0001 NAT NAT
treatment
ratio (OCA
Vs
placebo)’
Month 12 8.4 (4.0, 8.2 (3.9, 7.8 (3.7, 8.8 (4.2, 34.7 (4.4, | 43.0 (5.5,
17.9) 17.3) 16.4) 18.7) 271.3) 334.9)
p-value for <0.0001 <0.0001 <0.0001 <0.0001 0.0007 0.0003
treatment
ratio (OCA
Vs
placebo)*

T Not applicable (NA) since zero subjects from the placebo group achieved 240% reduction from Baseline at

Month 6. *p-values obtained using a logistic regression model with terms for treatment and the

randomisation strata factor.

Responders based on the biochemical response criteria

Percentage of non-responders at baseline who responded at Month 6 and Month

12

Figure 15 and Table 25 summarise the percentage of non-responders at baseline who
became responders at Month 6 and Month 12 for each of the biochemical treatment
response criteria. A higher percentage of OCA-treated subjects (both in the titration
group and the 10 mg fixed dose group) responded to each of the criteria at both Month 6
and Month 12 compared with placebo-treated subjects. The difference between placebo
and each OCA treatment group was statistically significant at both time points for all
criteria, with the exception of the Rotterdam criteria where the number of subjects who
were non-responders at baseline was low.
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Figure 15: Percentage of responders based on Paris IT, Toronto I, Mayo Il and Paris Il
biochemical treatment response criteria: ITT population
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Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; OCA, obeticholic acid; UDCA,
ursodeoxycholic acid; ULN, upper limit of normal.

T Deviation from Paris I: incorporation of total bilirubin SULN instead of <1 mg/dL of normal total bilirubin
levels; **p-value <0.01; ***p-value <0.0001 for comparing treatments using Cochran-Mantel-Haenszel
General Association test were stratified by randomisation strata factor.

Company evidence submission template for obeticholic acid [ID785] 75



Table 25: Percentage of responders and odds ratios based on biochemical treatment response criteria: ITT population

Endpoint, n (%) Placebo OCA titration OCA 10 mg fixed dose
Month 6 Month 12 Month 6 Month 12 Month 6 Month 12
Paris I: ALP <3x ULN and AST <2x ULN and total bilirubin SULN
Non-responders at baseline 34 36 35
Responders 6 (18) 6 (18) 20 (56) 23 (64) 18 (51) 20 (57)
p-value - - 0.0013 0.0002 0.0025 0.0007
O(;ds ratio vs placebo (95% - - 6.0 (1.9, 18.6) 9.4 (2.8, 31.0) 5.2 (1.7, 16.0) 7.2 (2.2,23.7)
Cl
p-value - - 0.0019 0.0002 0.0045 0.0011
Paris Il: ALP <1.5x ULN and AST <1.5x ULN and total bilirubin SULN
Non-responders at baseline 73 70 73
Responders 3(4) 3(4) 13 (19) 19 (27) 19 (26) 19 (26)
p-value - - 0.0055 0.0001 0.0001 0.0002
8t§ds ratio vs placebo (95% - - 5.8 (1.5, 21.9) 9.1 (2.5, 32.6) 9.4 (2.6, 34.5) 8.5 (2.4, 30.6)
I
p-value - - 0.0095 0.0007 0.0007 0.0010
Mayo II: ALP =1.67x ULN and total bilirubin SULN
Non-responders at baseline 73 69 73
Responders 8 (11) 11 (15) 23 (33) 32 (46) 38 (52) 36 (49)
p-value - - 0.0010 <0.0001 <0.0001 <0.0001
8(;ds ratio vs placebo (95% - - 45(1.8,11.2) 5.7 (2.5, 13.1) 10.7 (4.3, 26.5) 6.4 (2.8, 14.7)
I
p-value - - 0.0013 <0.0001 <0.0001 <0.0001
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Endpoint, n (%) Placebo OCA titration OCA 10 mg fixed dose
Month 6 Month 12 Month 6 Month 12 Month 6 Month 12
Toronto IlI: ALP £1.76x ULN
Non-responders at baseline 70 67 70
Responders 10 (14) 11 (16) 31 (46) 34 (51) 41 (59) 42 (60)
p-value - - <0.0001 <0.0001 <0.0001 <0.0001
O(;ds ratio vs placebo (95% - - 6.5 (2.7, 15.5) 7.2 (3.0,17.2) 11.9 (4.9, 29.0) 11.5 (4.7, 27.7)
Cl
p-value - - <0.0001 <0.0001 <0.0001 <0.0001
Rotterdam (normal range): total bilirubin SULN and albumin 2LLN
Non-responders at baseline 17 12 13
Responders 2(12) 1(6) 3 (25) 2(17) 3(23) 3(23)
p-value - - 0.4170 0.3537 0.3412 0.0992
8t§ds ratio vs placebo (95% - - 3.0(0.4,23.2) 4.3 (0.3, 58.8) 2.7 (0.4, 20.3) 6.2 (0.5, 72.0)
I
p-value - - 0.2980 0.2704 0.3239 0.1429

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; Cl, confidence interval; LLN, lower limit of normal’ OCA, obeticholic acid; ULN upper limit of

normal.
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Maintenance of response in subjects who were responders at baseline

A separate analysis for those subjects that met the responder criteria at baseline for
each of the pre-defined criteria was performed for each outcome, to assess the
maintenance of response during the 12-month treatment period. Given that the majority
(>95%) of subjects were non-responders at baseline for most endpoint criteria, data are
presented only for the Paris | endpoint where approximately 50% of the subjects were
responders at baseline.

In OCA-treated subjects who met the Paris | criteria of responder at baseline (ALP <3x
ULN and AST =2x ULN and total bilirubin <ULN), the response was sustained at Month 6
and Month 12 (Figure 16).

Figure 16 Percentage responders at baseline to Paris | criteria at Month 6 and Month 12
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Abbreviations: OCA, obeticholic acid. Per statistical analysis plan, only descriptive statistics were provided.

Absolute and percentage change in ALP

Within 2 weeks, there was a rapid, statistically significant reduction in ALP in both OCA
treatment groups when compared with placebo, which was maintained for the duration of
the study (Figure 17). Table 26 summarises the least squares (LS) mean of the absolute
and percentage change from baseline in ALP at Month 6 and Month 12 for the ITT
population. For both OCA treatment groups, clinically and statistically significant
improvements from baseline were observed at both Month 6 and Month 12, compared
with placebo (p<0.0001 for both OCA treatment groups). At Month 12, the LS mean
percentage change from baseline was —33% and —39% for the OCA titration and 10 mg
fixed dose groups, respectively, compared with only —5% for the placebo group. ALP is
the key biomarker for PBC, and a reduction in ALP is the main objective of treatment
with PBC and has been shown to correlate with reduced risks of complications, liver
transplantation, and death (15, 17, 18).
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Figure 17: Change in ALP from baseline over time: ITT population
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Abbreviations: ALP, alkaline phosphatase; ITT, intention-to-treat; OCA, obeticholic acid; UDCA,

ursodeoxycholic acid.

*** n<0.0001 vs placebo.

Table 26: Change in ALP from baseline at Month 6 and Month 12: ITT population

Mean ALP, U/L (SE) Placebo OCA titration OCA 10 mg fixed
dose
Baseline® 327.5(13.5) 325.9 (13.9) 316.3 (12.2)
Month 6
Mean 311.1 (14.4) 239.3 (13.2) 196.1 (8.4)
LS mean change -21.7 (13.2) -91.2 (12.9) -121.5 (13.2)
OCA vs placebo - —-69.6 (11.7) -99.9 (12.0)
p-valuet - <0.0001 <0.0001
LS mean % change —6.8 (3.5) -27.4 (3.4) -36.5 (3.5)
OCA vs placebo - -20.7 (3.1) -29.8 (3.2)
p-valuet - <0.0001 <0.0001
Month 12
Mean 321.3(17.1) 219.5 (12.5) 192.3 (7.8)
LS mean change -14.4 (14.7) -112.5 (14.4) —129.9 (14.6)
OCA vs placebo - -98.1 (13.1) —115.5 (13.2)
p-value# - <0.0001 <0.0001
LS mean % change -4.8 (3.8) -33.0(3.7) -39.1 (3.8)
OCA vs placebo - -28.2 (3.4) -34.4 (3.4)
p-value* - <0.0001 <0.0001

Abbreviations: ALP, alkaline phosphatase; ANCOVA, analysis of covariance; ITT, intention-to-treat; LS, least
squares; OCA, obeticholic acid.

T Baseline is defined as the mean of all available evaluations prior to treatment; *p-values obtained using an
ANCOVA model with baseline value as a covariate, and treatment and randomisation strata factor as fixed
effects.
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Similar data were observed for the completer and EE populations. Sensitivity analyses
demonstrated comparable clinically and statistically significant improvements for both
OCA treatment groups compared with placebo at all time points (p <0.0001 versus
placebo).

Absolute and percentage change in total and conjugated bilirubin

For the ITT population, the baseline mean total bilirubin was below the ULN for all
treatment groups. Decreases in the absolute change from baseline in total bilirubin were
observed for both OCA treatment groups, compared with an increase for the placebo
treatment group. This is particularly important as it clearly shows improvement in the
OCA treatment groups but disease progression in the placebo group, 93% of which were
taking UDCA during the trial. An increase in bilirubin levels is associated with an
increased risk of liver transplantation and death, and this risk starts at levels >0.5x ULN
(20 umol/L) (47). At 12 months, mean bilirubin levels in both OCA treatment groups are
<10 umol/L, whereas the mean level in the placebo group is 13.2 umol/L. This reinforces
the fact that without an additional treatment option, patients who do not respond to, or
are intolerant to, UDCA are at increased risk of disease progression.

The difference in the absolute change from baseline in total bilirubin between placebo
and each respective OCA treatment group was statistically significant (p <0.01) as early
as Month 3, and at all subsequent time points with the exception of the OCA titration
group at Month 9 (Table 27 and Figure 18).

Baseline conjugated bilirubin was elevated across treatment groups, which is consistent
with intrahepatic obstruction with hepatobiliary damage observed in PBC. Mean baseline
conjugated bilirubin was 5.5, 4.5, and 4.9 umol/L, for the placebo, OCA titration, and
OCA 10 mg fixed dose treatment groups, respectively. Both OCA treatment groups
decreased and approached the ULN for conjugated bilirubin, while placebo increased
from baseline at all time points, indicating ongoing cellular damage. For both OCA
treatment groups, statistically significant differences (p<0.05) in both the absolute and
percentage change from baseline relative to placebo were observed at Month 3 and at
all subsequent time points. At Month 12, p-values were <0.0001 for each OCA treatment
group versus placebo (Table 28 and Figure 18).

Table 27: Change in total bilirubin from baseline at Month 6 and Month 12: ITT population

Total bilirubin Placebo OCA titration OCA 10 mg fixed
(umol/L) dose
Baseline' 11.8 (0.9) 10.3 (0.7) 11.3 (0.8)
Month 6

Mean (SE) 12.3 (0.9) 9.7 (0.7) 9.7 (0.5)

LS mean change 1.1 (0.6) —-0.4 (0.6) —-0.8 (0.6)
OCA vs placebo, - -1.5 (0.6) -1.9 (0.6)
treatment difference
p-value* - 0.0089 0.0011
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Total bilirubin Placebo OCA titration OCA 10 mg fixed
(umol/L) dose
LS mean % change 13.8 (8.8) -3.0(8.6) 7.4 (8.9)
OCA vs placebo, - -16.8 (8.1) -6.5 (8.2)
treatment difference
p-value¥ - 0.0381 0.4307
Month 12
Mean (SE) 13.2 (1.0) 9.9 (0.6) 9.7 (0.6)
LS mean change 1.9 (0.7) -0.4 (0.7) -1.0 (0.7)
OCA vs placebo, - —2.3(0.6) -2.9(0.7)
treatment difference
p-valuet - 0.0004 <0.0001
LS mean % change 19.5 (6.8) 1.2 (6.7) -0.2 (6.9)
(SE)
OCA vs placebo, - -18.3 (6.3) -19.8 (6.3)
treatment difference
p-valuet — 0.0039 0.0020

Abbreviations: ANCOVA, analysis of covariance; ITT, intention-to-treat; LS, least squares; OCA, obeticholic

acid; SE, standard error.

TBaseline is defined as the mean of all available evaluations prior to treatment; *p-values obtained using an
ANCOVA model with baseline value as a covariate and fixed effects for treatment and randomisation strata

factor.

Table 28: Change in conjugated bilirubin from baseline at Month 6 and Month 12: ITT

population

Conjugated bilirubin Placebo OCA titration OCA 10 mg fixed
(umol/L) dose
Baselinef 5.5(0.7) 4.5 (0.5) 4.9 (0.5)
Month 6
Mean 6.2 (0.8) 4.0 (0.4) 3.5(0.3)
LS mean change 1.0 (0.4) -0.4 (0.4) -1.0(0.4)
OCA vs placebo, - -1.4 (0.3) -1.9 (0.3)
treatment difference
p-valuet - <0.0001 <0.0001
LS mean % change 23.0 (6.0) -1.0 (6.0) —6.0 (7.0)
OCA vs placebo - —24.0 (6.0) —-28.0 (6.0)
p-valuet - 0.0001 <0.0001
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Conjugated bilirubin Placebo OCA titration OCA 10 mg fixed
(umol/L) dose
Month 12
Mean 6.9 (0.9) 4.2 (0.4) 3.8 (0.3)
LS mean change 1.9 (0.5) —0.2 (0.5) -0.5(0.5)
OCA vs placebo, - —2.1(0.5) -2.4 (0.5)
treatment difference
p-value¥ - <0.0001 <0.0001
LS mean % change 39.0 (7.0) 12.0 (7.0) 5.0 (7.0)
OCA vs placebo, - —27.0 (7.0) -34.0 (7.0)
treatment difference
p-valuet - <0.0001 <0.0001

Abbreviations: ANCOVA, analysis of covariance; ITT, intention-to-treat; LS, least squares; OCA, obeticholic

acid.

TBaseline is defined as the mean of all available evaluations prior to treatment; *p-values obtained using an
ANCOVA model with baseline value as a covariate and fixed effects for treatment and randomisation strata

factor.

Figure 18: Summary of change in total and conjugated bilirubin
Total Bilirubin

from Baseline

]
(¥}

LS Mean (SE) A in Total Bilirubin (umol/L)

6

Time (months)

Abbreviations: ANCOVA, analysis of covariance; LS, least squares; OCA, obeticholic acid; SE, standard

LS Mean (SE) A in Conjugated
Bilirubin (umol/L) from Baseline

-2.0

Conjugated Bilirubin

O Placebo
4 OCA Titration

4 OCA10mg

Time (months)

12

error. *p<0.05, **p<0.01, ***p<0.0001 vs placebo; p-values for comparing OCA treatments to placebo were

obtained using an ANCOVA model with baseline value as a covariate and fixed effects for treatment and

randomization strata factor.

Absolute and percentage change in GGT, ALT and AST

Results for GGT, ALT, and AST values at Month 6 and Month 12 are summarised in
Table 29. As expected, GGT, ALT, and AST values were all elevated at baseline.

Treatment with OCA resulted in a clinically and statistically significant improvement from
baseline in all three parameters. Improvements were observed as early as 2 weeks, with
the largest response generally observed at 3 months. For both OCA treatment groups

and across all three parameters, the differences compared with placebo in LS mean
reductions from baseline were statistically significant at all time points (Figure 19). The
statistically significant reductions in these biochemical markers support the evidence
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from ALP and bilirubin that OCA is slowing disease progression and improving liver
function.

Figure 19 GGT, ALT, and AST change from baseline over time
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Abbreviations: ALT, alanine aminotransferase; ANCOVA, analysis of covariance; AST aspartate

aminotransferase; GGT, gamma-glutamyl transferase; OCA, obeticholic acid.

**p<0.01; ***p=<0.0001; p-values for comparing OCA treatments to placebo were obtained using an ANCOVA

model with baseline value as a covariate and fixed effects for treatment and randomization strata factor.
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Table 29: Change in GGT, ALT, and AST from baseline at Month 6 and 12:

ITT population

GGT (U/L) ALT (U/L) AST (U/L)
Endpoint mean Placebo OCA OCA Placebo OCA OCA Placebo OCA OCA
(SE) titration 10 mg titration 10 mg titration 10 mg
fixed dose fixed dose fixed dose
Baselinef 309.6 252.8 261.1 56.0 61.6 56.3 48.8 52.3 50.5
(52.6) (20.0) (24.3) (3.5) 4.7) 4.7) (2.6) (3.0 (3.6)
Month 6
Mean (SE) 270.7 136.4 95.2 49.7 40.7 32.7 46.7 40.6 36.8
(41.0) (12.3) (11.4) (3.0) (3.8) (2.2) (2.5) (2.7) (2.2)

LS mean change -32.4 -132.1 -181.5 —-6.8 -18.8 -23.4 0.1 -8.2 -10.2
from baseline (19.3) (18.8) (19.6) (3.0 (3.0) (3.1) (2.2) (2.1) (2.2)

OCA vs placebo, - -99.8 —149.2 - -12.0 -16.5 - -8.3 -10.3

treatment (17.5) (17.8) (2.8) (2.8) (2.0) (2.0)

difference

p-value* - <0.0001 <0.0001 - <0.0001 <0.0001 - <0.0001 <0.0001
LS mean % change -9.0(5.0) | -44.0(4.8) | -64.1(5.1) | —9.3(3.8) | —31.1(3.8) | —36.2(3.9) 2.1 (3.5) -15.4 (3.5) | —15.4 (3.6)
from baseline

OCA vs placebo, - -35.0 (4.5) | -55.1(4.6) - -21.9(3.5) | —26.9 (3.5) - -175(3.2) | -17.5(3.2)

treatment

difference

p-value¥ - <0.0001 <0.0001 - <0.0001 <0.0001 - <0.0001 <0.0001
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GGT (U/L) ALT (U/L) AST (U/L)
Endpoint mean Placebo OCA OCA Placebo OCA OCA Placebo OCA OCA
(SE) titration 10 mg titration 10 mg titration 10 mg
fixed dose fixed dose fixed dose
Month 12
Mean 301.8 114.2 91.9 52.8 39.0 321 51.6 39.5 36.4
(51.1) (12.5) (10.2) (3.4) (4.2) (2.6) 4.7 (3.1) (2.4)
LS mean change 6.7 -140.8 -176.7 -5.0 -21.3 -25.3 1.0 -13.0 -15.0
from baseline (25.6) (24.7) (25.6) (3.3) (3.3) (3.4) 4.2) 4.2) 4.3)
OCA vs placebo, - -147.5 -183.4 - -16.3 -20.4 - -14.1 -16.0
treatment (23.1) (23.3) (3.0 (3.1) (3.8) (3.9)
difference
p-valuet - <0.0001 <0.0001 — <0.0001 <0.0001 - 0.0003 <0.0001
LS mean % change 0.8 (5.7) -50.3(5.5) | -63.7(5.2) | -4.7(5.0) | -35.5(4.9) | —-41.7 (5.0) 7.7 (8.8) -21.9(8.7) | —23.7 (8.9)
from baseline
OCA vs placebo, - -51.1(5.1) | -64.5(5.2) - -30.9(4.5) | 37.0(4.6) - -29.6 (8.0) | —31.4 (8.1)
treatment
difference
p-valuet — <0.0001 <0.0001 — <0.0001 <0.0001 - 0.0003 0.0001

Abbreviations: ALT, alanine aminotransferase; ANCOVA, analysis of covariance; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase; ITT, intention-to-treat;

LS, least squares; OCA, obeticholic acid; SE, standard error.

TBaseline is defined as the mean of all available evaluations prior to treatment; *p-values obtained using an ANCOVA model with baseline value as a covariate and fixed

effects for treatment and randomisation strata factor.
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Absolute change in disease-specific symptoms (measured by change in PBC-40
and domain scores)

The disease-specific measure for PBC showed no clinically significant differences
compared with placebo for the global score or individual scores of general symptoms,
fatigue, cognitive function, and emotional/social domains. However, a difference was
observed in itch scores. During the initial 3 months of treatment, the largest LS mean
increase in itch was observed for the OCA 10 mg group, followed by the OCA titration
group (Figure 20). The LS mean difference in itch score between the OCA 10 mg group
and placebo group was statistically significant at both Week 2 (p= 0.0048) and Month 3
(p<0.0001) but not at any subsequent time points.

Figure 20: LS mean change from baseline in PBC-40 itch score: ITT population
-0~ Placebo (n=73)
*kk -+ QCA titration (n=70)
: -+ OCA 10mg fixed dose (n=73)

*%k

Itch Score
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Time (months)

Abbreviations: LS, least squares; OCA, obeticholic acid; PBC, primary biliary cholangitis/cirrhosis; SE,
standard error; UDCA, ursodeoxycholic acid.
*p=0.0048; ***p<0.0001

Other relevant biomarkers and non-invasive assessments of liver fibrosis
Enhanced liver fibrosis (ELF) score

Baseline and Month 12 ELF data were available for 84% of subjects and are
summarised in Table 30. Baseline ELF scores were slightly higher in the placebo group
than in the OCA treatment groups, and were indicative of the upper end of moderate
fibrosis to the lower end of severe fibrosis. At Month 12, the magnitude of the increase in
total ELF score was lower in the OCA treatment groups than in the placebo group,
although the treatment difference vs placebo was not significant for either OCA treatment

group.
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Table 30: ELF score using observed data: ITT population

ELF scoret Placebo OCA titration OCA 10 mg
fixed dose
n Mean (SE) n | Mean (SE) | n | Mean (SE)
Baseline* 70 | 10.03(0.15) | 65 | 9.76 (0.13) | 71 | 9.81 (0.14)
Month 6
Mean 69 | 10.00 (0.14) | 67 | 9.83(0.14) | 60 | 9.83 (0.15)
Absolute change 67 | 0.09 (0.06) |63 | 0.13(0.08) | 59 | 0.14 (0.07)
LS mean absolute change 67 | 0.04(0.11) |63 | 0.06(0.11) | 59 | 0.09 (0.11)
Treatment difference vs placebo - 0.03 (0.10) 0.05 (0.10)
p-value$ - 0.7811 0.6209
Month 12
Mean 66 | 10.12 (0.16) | 61 | 9.73 (0.13) | 64 | 9.77 (0.15)
Absolute change 64 | 0.17(0.08) |55 | 0.15(0.08) | 63 | 0.08 (0.07)
LS mean absolute change 64 | 0.33(0.13) | 55| 0.24(0.12) | 63 | 0.20(0.12)
Treatment difference vs placebo - —-0.08 (0.11) —0.13 (0.11)
p-value$ - 0.4718 0.2324

Abbreviations: ANCOVA, analysis of covariance; ELF, enhanced liver fibrosis; ITT, intention-to-treat; LS,
least squares; OCA, obeticholic acid; SE, standard error.

TELF score ranges: 7.7 for a high sensitivity exclusion of fibrosis, 9.8 for a high specificity identification of
fibrosis (sensitivity 69%, specificity 98% for moderate fibrosis), and 11.3 to discriminate cirrhosis (sensitivity
83%, specificity 97%); *Baseline is defined as the day 0 evaluation prior to treatment; $p-values comparing
OCA treatments to placebo were obtained using an ANCOVA model with baseline value as a covariate and
fixed effects for treatment and randomisation strata factor.

Hepatic stiffness

Mean and median baseline hepatic stiffness values using FibroScan®Fibroscan transient
elastography were generally in the advanced fibrosis range (130). After 12 months of
treatment, there was a general increase in hepatic stiffness across all three treatment
groups, with the lowest increase occurring in the OCA treatment groups. However, there
were no statistically significant differences between the placebo group and either OCA
treatment groups.

Fibroblast growth factor-19 (FGF-19)

The median difference in absolute change and percentage change from baseline
between the placebo and each OCA treatment group was statistically significant at
Month 6 (p<0.0001) and Month 12 (p=0.0002 for the OCA titration group and p<0.0001
OCA 10 mg fixed dose group).

Cytokeratin-18 (CK-18)

Considerable inter-subject variability was shown across all three treatment groups for
baseline CK-18 levels, with the median >ULN. During the study period, there was a
statistically significant reduction at 6 months in the OCA titration and OCA 10 mg fixed
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dose groups (p=0.0012 and 0.0077, respectively) and at 12 months (p=0.0003 and
<0.0001, respectively).

Total bile acids

Total bile acid concentrations were similar at baseline across all three treatment groups,
and there were no significant differences at Month 6 or Month 12 between the OCA
titration and OCA 10 mg fixed dose treatment groups.

Total endogenous bile acid

Bile acid retention and cholestasis are key factors influencing the progressive loss of
liver function in PBC, therefore a reduction in total endogenous bile will have a significant
clinical benefit for the patient. OCA has a unigue mode of action mediated through FXR
receptor activation, leading to the reduction of endogenous bile acids demonstrated
below.

The mean baseline levels of total endogenous bile acids were similar in the placebo
group and the OCA titration group at baseline (6.63 vs 7.06 umol, respectively), but was
higher in the OCA 10 mg fixed dose treatment group (9.48 umol). At Month 6, there was
an overall decrease of —1.41 umol and —5.72 pumol in the OCA titration and OCA 10 mg
fixed dose groups, respectively, and an increase of 2.24 pumol in the placebo group. This
corresponds to a 34% increase from baseline in the placebo group, but a 20% reduction
in the OCA titration group and a 60% reduction in the OCA 10 mg fixed dose group.

By Month 12, the mean total endogenous bile acid levels had increased to 14.59 pumol in
the placebo treatment group, but had decreased to 3.77 pmol in the OCA titration group
and 3.86 umol in the OCA 10 mg fixed dose group. When compared with baseline, bile
acid levels had more than doubled in the placebo group (an increase of 220%), but had
decreased by 47% and 59% in the OCA titration and 10 mg fixed dose groups,
respectively. This represents a statistically significant reduction by Month 12 in the OCA
titration and OCA 10 mg fixed dose groups (p=0.0010 and 0.0037, respectively).

Importantly, LCA — a toxic secondary bile acid — remained stable across all treatment
groups when compared with baseline.

Inflammatory indirect markers
C-reactive protein (CRP)

Clinically and statistically significant decreases in CRP values were observed at Month 6
and Month 12 for both OCA treatment groups. The median change at Month 12 was
-0.5 mg/L for the OCA titration group (p=0.0005 vs placebo) and —-0.6 mg/L for the OCA
10 mg fixed dose group (p=0.0022 vs placebo), compared with an increase of 0.35 mg/L
for the placebo group. Consistent with other efficacy parameters, the median change at
Month 6 was smaller for subjects receiving OCA 5 mg compared with those receiving
OCA 10 mg.
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Tumour necrosis factor-a (TNF-a)

Baseline median levels were >ULN for TNF-a across all three treatment groups and
slightly higher in subjects treated with placebo vs those treated with OCA. The OCA
titration group had smaller increases at Month 6 and Month 12 compared with placebo,
while the OCA 10 mg fixed dose group achieved a statistically significant reduction at
Month 6 and Month 12 versus placebo (p=0.0002 and 0.0077, respectively).

Transforming growth factor-B (TGF-B) and interleukin-6 (IL-6)

Both parameters were within normal limits at baseline, and no significant changes were
observed for TGF-B and IL-6 at Month 6 and Month 12 versus placebo.

Drug dose, drug concentration, and relationship to response

There was higher systemic exposure to OCA in the OCA 10 mg fixed dose treatment
group than in the titration group. A dose relationship was observed, with 35% and 58% of
subjects in the OCA titration and 10 mg fixed dose treatment groups, respectively,
achieving the primary endpoint at Month 6. The magnitude of the LS mean reduction was
larger for ALP, total bilirubin, and conjugated bilirubin at Month 6 in subjects that
received 10 mg OCA versus those that received 5 mg OCA.

Effect of bile acid sequestrants (BAS) on the exposure and efficacy of OCA

For the OCA 10 mg fixed dose group, the use of BAS did not affect the change from
baseline for ALP, total bilirubin, and conjugated bilirubin at Month 6 or Month 12, and
therefore did not alter the efficacy of OCA.

For the OCA titration group, the use of BAS appeared to modestly attenuate the effect of
OCA on ALP and bilirubin from baseline to Month 6 and Month 12. This supports a dose-
relationship response and may suggest that 5 mg is the minimally efficacious level.

Since BAS are used to control pruritus, the small to no effect on OCA efficacy is
important, meaning that pruritus as a symptom of PBC and OCA treatment can be
managed without affecting OCA activity.

4.7.1.3 Conclusion

Increases in ALP, bilirubin, GGT, ALT and AST are associated with disease progression
(Figure 21). In POISE, all of these, as well as other relevant biomarkers (FGF-19, CK-18
and bile acids), inflammation biomarkers (CRP, TNF-a, TGF-B and IL-6), and
assessments of liver fibrosis, indicate that OCA slows, halts or even reverses disease
progression in patients with an inadequate response to, or who are intolerant to, UDCA.
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Figure 21: The progression of PBC and associated changes in biochemical markers
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These are important results for these patients, who currently have no available licensed
or effective treatment options, and face the inevitability of disease progression to
complications, the need for liver transplant, HCC, and death. Further evidence is needed
to show that these reductions in biomarkers translate into a benefit in clinical outcomes,
e.g. transplant-free survival. COBALT is an ongoing long-term study that seeks to
evaluate the effect of OCA on clinical outcomes. It is described in Section 4.14.

4.7.2 Supporting evidence

4.7.2.1 Long-term safety extension of POISE

A total of 198 subjects completed the 12-month double-blind phase of the POISE trial, of
which 193 subjects (97%) opted to continue into the LTSE phase. Of the five subjects
who did not opt into the LTSE phase, four were in the placebo group in the double-blind
phase of the trial, and one was in the OCA titration group for the double-blind phase. All
64 subjects who were randomised to 10 mg OCA and completed the double-blind phase
chose to enter the LTSE phase of the study.

A total of 77% of subjects had a weighted average daily dose of >5 mg (i.e. up-titrated
during the LTSE phase). This is in contrast to the double-blind phase, where only 48% of
subjects in the titration group increased their dose to 10 mg. In the titration group in the
double-blind phase, 35% of patients did not up-titrate because they had reached the
criteria for response and were therefore not eligible for an increased dose (as per the
protocol), and 13% did not up-titrate due to adverse events. The remaining 4% recorded
their reason for not up-titrating as ‘other’.

Primary efficacy endpoint

e The percentage of subjects achieving the key primary endpoint in the double-blind
phase was sustained over the subsequent 12-month open-label period (52% and
44% in the OCA titration group and OCA 10 mg group, respectively).

e There was a decrease from month 12 of the double-blind phase to month 3 of the
LTSE phase in the percentage of subjects achieved the primary endpoint for
subjects previously treated with 10 mg OCA. This was expected due to the down-
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ALP

titration from 10 mg OCA to 5 mg OCA, however, the response rate was improved
at month 6.

For subjects who previously received placebo in the 12-month double-blind phase
but subsequently entered the LTSE phase of the study and initiated treatment with
5 mg OCA, there was a robust response in the percentage of subjects who
achieved the primary endpoint between Month 12 of the double-blind phase to
Month 9 of the LTSE phase (9% vs 34%, respectively). Subjects were able to up-
titrate in 5 mg increments not more than once every three months if the response
criteria were not met and AEs did not limit the administration of the higher dose of
OCA, and results in this group of patients are similar to the results seen in the OCA
titration group in the double-blind phase.

Similar consistent, clinically relevant percentages of subjects achieving the primary
endpoint were also observed for the 2-year completer population.

Mean improvements in ALP values for subjects randomised to OCA treatment in
the double-blind phase were sustained over the subsequent open-label period,
notably, absolute mean ALP approached 1.67x ULN.

There was a slight increase in ALP at Month 3 in subjects who previously received
10 mg OCA.

ALP levels decreased in the LTSE subjects who received placebo in the double-
blind phase to levels almost equal to those in the OCA treatment groups (Figure
22).

Figure 22: ALP levels over time by treatment in the double-blind phase
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Abbreviations: ALP, alkaline phosphatase; LTSE, long-term safety extension; OCA, obeticholic acid; SD,
standard deviation.

Bilirubin

¢ Following initiation of OCA in the LTSE, mean total bilirubin levels decreased and
were comparable to or below the double-blind baseline values.

e For those that received OCA during the double-blind phase, continued OCA
treatment maintained total bilirubin concentrations at or below baseline.

GGT, ALT, and AST

e The clinically and statistically significant reductions from baseline GGT, ALT, and
AST observed in OCA-treated subjects during the 12-month double-blind phase
were sustained during the LTSE.

e For subjects who received placebo during the double-blind phase, similar
statistically significant reductions from the double-blind baseline were observed for
all three parameters at month 3 of the LTSE.

Summary

In summary, the efficacy associated with continued treatment with OCA was durable and
consistent with the effects observed in the double-blind phase of the POISE study. For
subjects originally randomised to OCA, continued treatment was associated with
sustained improvements in liver chemistry. For subjects originally randomised to
placebo, there were clinically significant improvements in liver chemistry following
initiation of OCA treatment. Importantly, the tendency towards a deterioration in total
bilirubin in placebo subjects was reversed following initiation of OCA treatment.

4.7.2.2 Phase 2 studies

There are two Phase 2 supporting studies, 747-201 and 747-202. The studies evaluated
the efficacy, safety, and tolerability of OCA with UDCA (study 747-202) or without UDCA
(study 747-201) vs placebo. The studies both included a 10 mg OCA treatment arm and
other treatment arms at higher doses. In this section, key efficacy and safety results
were summarised only for subjects who received 10 mg OCA, since this is the upper limit
for the licensed indication of OCA. Both studies included a double-blind phase and an
open-label long-term safety extension phase. Results from study 747-201 are
summarised in Table 31 (double-blind phase) and Table 32 (interim results from the
long-term extension phase), and results from study 747-202 are summarised in Table 33
(double-blind phase) and Table 34 (long-term extension phase).

Table 31: Study 747-201 (double-blind phase)

Title A study of INT-747-201 (6-ECDCA; OCA) monotherapy in patients with
primary biliary cirrhosist

Study design A 3-month international, multi-centre, randomised, double-blind, placebo-
controlled, multi-dose, Phase Il parallel group study of OCA monotherapy in
subjects with a proven or likely diagnosis of PBC.

Location 18 centres in 6 countries (UK [5 sites], USA [4 sites], Canada [3 sites],
Germany [4 sites], France [1 site], Spain [1 site]).
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Primary To assess the effects of OCA in subjects with proven or likely PBC on:
objectives e Serum ALP levels

o Safety.
Secondary To assess the effects of OCA in subjects with proven or likely PBC on:
objectives e Hepatocellular injury and liver function

o Disease-specific and general health symptoms
e Biomarkers of hepatic inflammation and fibrosis
e Plasma trough concentrations of OCA and its major known conjugates.

Interventions

Eligible subjects were randomised (1:1:1) to placebo, OCA 10 mg, or OCA
50 mg

Sample size and
power
calculation

A total of 71 subjects were screened, 60 were randomised, and 59 received
investigational product: placebo (n=23), OCA 10 mg (n=20), and OCA 50 mg
(n=16).

Approximately 20 subjects per group resulted in 49% power to detect an
effect size of 0.6466 for the difference in the primary efficacy endpoint
(change in serum ALP) between treatment arms and placebo using a
Wilcoxon-Mann-Whitney rank-sum test with a 0.05, two-sided significance
level.

Key inclusion/

e Proven or likely PBC

g)r(i(t:tlal:faion e Aged 18-70 years (18-75 years in the UK)
o Both male and female subjects had to use one method of contraception
unless surgically sterile (males and females) or postmenopausal
(females)
Primary . .
outcome e Percentage change in serum ALP from baseline to end of study
Secondary e Absolute changes in serum ALP levels from baseline to Day 15, Day 29,
outcomes Day 57, Day 85/end of treatment and Day 99/follow-up

e Percentage of subjects meeting PBC responder criteria per the Paris |,
Toronto |, Toronto Il, Toronto Ill, Toronto IV, Mayo Il, and Barcelona
disease prognostic risk criteria at Day 85/end of treatment

e Absolute and percentage change in serum AST, ALT, GGT, and
conjugated (direct) bilirubin values from baseline to Day 15, Day 29, Day
57, Day 85/end of treatment and Day 99/follow-up

o Safety

Other efficacy

e PBC-40 QoL Questionnaire: Change from Baseline to Day 29, Day 57,

endpoints and Day 85/end of treatment for each domain
Statistical A hierarchical testing strategy (131) was planned for the comparison of OCA
methods treatment groups versus placebo. The statistical significance was to be

evaluated in order as follows: if statistical significance at a=0.05 was
observed for the OCA 10 mg group versus placebo, then the statistical
significance at a = 0.05 for the OCA 50 mg versus placebo was to be
performed. If no statistical significance was observed at a=0.05 at the first
step, then the subsequent comparisons were not considered statistically
significant, regardless of the p-value.

For secondary endpoints, pairwise comparisons for placebo versus both OCA
treatment groups at each on-treatment visit were performed using Wilcoxon-
Mann-Whitney, chi-squared (with continuity correction) or Fisher’s exact test.

Results for OCA 10 mg vs placebo

Patient
population

Baseline and demographic characteristics were generally well-balanced
across the treatment groups.
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Primary There was a clinically and statistically significant improvement in ALP levels
endpoint from baseline to end of study with OCA 10 mg versus placebo (p<0.0001).
The mean (SD) percentage change in ALP levels was —44.5% (24.4) for the
OCA 10 mg group versus +0.4% (15.3) for placebo.

Secondary Efficacy:

endpoints e Results for the absolute change in ALP were supportive of the primary
endpoint analyses at Day 15, 29, 57, 85/end of treatment, and 99/follow-
up. There was a statistically significant two-fold decrease in ALP from
461.6 U/L at baseline to 228.1 U/L at Day 85/end of treatment (p<0.0001)

e Percentages of OCA-treated subjects meeting PBC responder criteria at
Day 85/end of treatment were significantly greater with OCA 10 mg than
with placebo across all disease prognostic criteria apart from the Paris |
criterion and the Toronto Il criterion

e Treatment with OCA 10 mg resulted in a statistically significantly greater
proportion of subjects achieving ALP <1.67x ULN and total bilirubin SULN
and ALP decrease 215% from baseline when compared with placebo
(44% vs 4%, respectively)

e Improvements in other markers of liver injury were supported by
decreases in GGT, ALT, and AST

e There was a statistically significantly greater decrease in conjugated
bilirubin levels between baseline and Day 85/end of treatment in the OCA
10 mg group vs the placebo group (p=0.0184)

e There were no statistically significant changes between baseline and end
of treatment in the SF-36 survey, or in the general symptoms, cognitive
function, and emotional/social domains of the PBC-40 questionnaire

e Mean levels of endogenous bile acids decreased by 10% from baseline
to Day 85/end of treatment in the OCA 10 mg group compared with a
52% increase in the placebo group.

Safety:

e AEs were reported by 90% and 91% of subjects treated with OCA 10 mg
and placebo, respectively

e The majority of AEs were mild or moderate in severity

e The most commonly reported AE across groups was pruritus

e There were no deaths

e There was one reported SAE (rash); it occurred in the placebo group.

Conclusion OCA monotherapy at 10 mg was highly effective in mitigating key clinical
laboratory indicators of PBC disease, including significantly reducing serum
ALP levels, increasing the percentage of responders, and reducing markers
of liver injury (i.e. GGT, AST, and ALT levels). OCA treatment was well
tolerated, with pruritus, a known side effect of PBC, being the most common
adverse event with OCA.

Publications Kowdley 2011 (96)

Abbreviations: AE, adverse event; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; 6-ECDCA, 6alpha-ethyl-chenodeoxycholic acid; ET, early termination; GGT,
gamma-glutamyl transferase; OCA, obeticholic acid; PBC, primary biliary cholangitis/cirrhosis; SAE, serious
adverse event; QOL, quality of life; ULN, upper limit of normal. TNote that primary biliary cirrhosis has
recently undergone a name change to primary biliary cholangitis. At the time of the design of the protocol of
this study, the official name was primary biliary cirrhosis and, as such, this is reflected in this table.
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Table 32: Study 747-201 (interim results from the long-term safety extension phase)

Title

A study of INT-747-201 (6-ECDCA; OCA) monotherapy in patients with
primary biliary cirrhosis?

Study design

A 72-month, open-label, long-term safety extension to provide further
evaluation of the long-term safety and efficacy of OCA in doses up to 50 mg
OD in subjects with PBC. Subjects who completed the 3-month, double-blind
phase of Study 747-201 had the option to enrol in the LTSE.

Location UK (3 sites). US (3 sites), Canada (3 sites) and Spain (1 site).
Primary o Safety

objectives

Secondary e ALP levels, as an assessment of efficacy

objectives

e Hepatocellular injury and liver function
o Disease-specific and general health symptoms

Interventions

OCA. The starting dose of OCA was based on the dose of OCA or placebo
received in the double-blind phase, or on the timing of entry into the LTSE
phase:

e Placebo subjects: Start on 10 mg OCA OD

e Active treatment subjects: Resume the same randomised dose of OCA,
provided that the OCA dose was well tolerated during the double-blind
phase

e Double-blind completed subjects: If the last dose of OCA was taken
>1 month before the start of the LTSE phase, start on 10 mg OCA OD

e Subjects with significant pruritus or other AEs: Must not have received
OCA for at least 1 month before starting the LTSE phase, start on a
maximum dose of 10 mg OCA OD

OCA was to be titrated from 10 mg to 25 mg to 50 mg OD no faster than at 8-

week intervals, until one of the following occurred:

e ALP was in the normal range

e The Investigator considered that an adequate therapeutic response was
obtained

e AEs limited the administration of higher doses

Exceptions were allowed, e.q. titration could have been performed more
slowly and with smaller increments, and subjects could be titrated to doses
above 50 mg OD if OCA 50 mg was well tolerated for 23 months.

Sample size and
power
calculation

All subjects who completed treatment during the double-blind phase were
eligible to continue into the LTSE phase at selected study sites. No formal
sample size calculations were performed.

Key inclusion/

e Completion or participation (including early termination subjects) of

exclusion treatment during the double-blind phase of the study

criteria

Primary efficacy | ¢ None

endpoint

Secondary e Absolute and percentage change from baseline in ALP at each 3-month
efficacy visit

outcomes

e Absolute and percentage change from baseline in AST, ALT, GGT, and
total and conjugated bilirubin at each 3-month visit

e Absolute change from baseline in SF-36 scores and summary measures
to last available visit
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e Absolute change from baseline in PBC-40 domains at 6-month visits

Other efficacy
endpoints

e Percentage of subjects that meet disease response criteria: Paris |, Paris
Il, Toronto I, Toronto Ill, Mayo Il, and Barcelona

e Percentage of subjects with ALP within normal range and a decrease
from baseline of 10%, 15%, 20% and 40% at each 3-month visit

e Percentage of subjects with ALP <1.0, 1.25, 1.5, 1.67, 1.76, 2.0 and 3.0x
ULN who had =the respective value at double-blind baseline, at each 3-
month visit

e Percentage of subjects with ALP <1.67x ULN, total bilirubin <ULN, and
215% decrease in ALP who had ALP =1.67x ULN or total bilirubin >ULN
at baseline, at each 3-month visit

e Absolute and percentage change from baseline in ELF score and its
components (HA, P3NP and TIMP-1) at 6-month visits

e Absolute change from baseline in biomarkers of hepatic inflammation and
fibrosis (CRP, TNF-a, TGF-B, and IgM) at 6-month visits

e Titration effects on ALP, AST, ALT and GGT

e Absolute change from baseline for pruritus 5-D and VAS scores at
3-month visits

Primary safety

e  Pruritus (AES)

endpoints e TEAEs
Secondary e Vital signs
safety . N
endpoints e Physical examinations
e 12-lead electrocardiograms
e Laboratory results
Statistical As dose modifications (both up- and down-titration) were allowed, treatment
methods groups were defined in two ways: weighted average daily dose (WADD) and
dose for 80% duration.
WADD was presented to account for the flexibility of dose adjustments,
titration, and frequency as specified by the protocol. Dose for 80% duration
was presented regardless of subject non-compliant investigational product
interruptions, Investigator-prescribed drug holidays, or dosing frequency.
WADD and dose for 80% duration were categorised into the following
treatment dose groups in summary tables as applicable:
e =<10mg
e >10mgto <25 mg
o >25mg
e Total OCA (combining all dose groups)
Results
Patient A total of 28 subjects participated in the LTSE phase, with 23 (82%)
population participating for at least 1 year |

Efficacy results

Long-term treatment with OCA was associated with sustained reductions in
ALP that were consistent with the observed effect of OCA in the double-blind
phase of the study, showing the consistency and durability of OCA treatment.
The apparent further decrease in ALP in the LTSE was due to the
transitioning of placebo subjects to OCA treatment, which further decreased
mean ALP of the entire cohort.

Similar to ALP, sustained mean reductions in AST, ALT, GGT, and total
bilirubin were observed at most LTSE time points. Changes in conjugated
bilirubin tended to be more variable; however, values generally remained
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comparable to baseline.

Safety results

Long-term treatment with OCA was generally well tolerated. Consistent with
the double-blind phase of the study and PBC, pruritus was the most common
TEAE. Most pruritus events were mild to moderate in severity, with three
subjects discontinuing the study due to pruritus. Other TEAES with an
exposure-adjusted incidence >10 events per 100 PYE included nausea,
fatigue and arthralgia. In total seven subjects discontinued the study due to
an AE or clinical laboratory value, eight subjects experienced a total of 19
serious AEs, and there was no clear dose relationship or system organ class
grouping. There were no deaths in this study.

Conclusion

Long-term treatment with OCA is effective and well tolerated.

Publications

Hirschfield 2012 (95)
Kowdley 2014 (98)
Kowdley 2015 (99)

Abbreviations: AE, adverse event; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate
transaminase; CRP, C-reactive protein; 6-ECDCA, 6-alpha-ethyl-chenodeoxycholic acid; ELF, enhanced
liver fibrosis; GGT, gamma-glutamyl transpeptidase; HA, hyaluronic acid; IgM, immunoglobulin M; LTSE,
long-term safety extension; OCA, obeticholic acid; OD, once daily; PBC, primary biliary cholangitis/cirrhosis;
P3NP, procollagen 11l N-peptide; PYE, patient years of exposure; TEAE, treatment-emergent adverse event;
TGF-B, transforming growth factor-beta; TIMP-1, tissue inhibitor of metalloproteinase-1; TNF-a, tumour
necrosis factor-alpha; ULN, upper limit of normal; VAS, visual analogue scale; WADD, weighted average
daily dose. *Note that primary biliary cirrhosis has recently undergone a name change to primary biliary
cholangitis. At the time of the design of the protocol of this study, the official name was primary biliary
cirrhosis and, as such, this is reflected in this table.

Table 33: Study 747-202 (double-blind phase)

Title

A study of INT-747 (6-ECDCA; OCA) in combination with
ursodeoxycholic acid (UDCA) in subjects with primary biliary
cirrhosis'

Study design

A 3-month, international, multi-centre, randomised, double-blind,
placebo-controlled, multi-dose, Phase Il parallel group study of OCA
in combination with UDCA in subjects with a proven or likely
diagnosis of PBC.

Location

30 centres in 8 countries (USA [11 sites], Canada [6 sites], Germany
[4 sites], UK [4 sites], The Netherlands [2 sites], Austria [1 site],
France [1 site], Spain [1 site])

Primary objectives

To assess the effect of OCA in combination with UDCA in subjects
with proven or likely PBC on:

e ALP levels
o Safety.

Secondary objectives To assess the effect of OCA in subjects with proven or likely PBC on:

e Hepatocellular injury and liver function
e Disease-specific and general health symptoms
e Biomarkers of hepatic inflammation and fibrosis

e Plasma trough concentrations of OCA and its major known
conjugates.

Interventions

Eligible subjects were randomised (1:1:1:1) to placebo, OCA 10 mg,
OCA 25 mg or OCA 50 mg

Sample size and power | A total of 222 subjects were screened and 165 randomised: placebo

calculation

(n=38), OCA 10 mg (n=38), OCA 25 mg (n=48), and OCA 50 mg
(n=41).
With 35 patients per group, there was 80% power to detect an effect
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size of 0.70, which translates to approximately a 10% mean greater
reduction in ALP levels between groups.

Key inclusion/
exclusion criteria

e Proven or likely PBC
e Aged 18-70 years (18-75 years in the UK)

e Both male and female subjects had to use one method of
contraception unless surgically sterile (males and females) or
postmenopausal (females)

Primary outcome

e Percentage change in serum ALP from baseline to end of study

Secondary outcomes

e Changes in serum ALP levels from baseline to Day 15, Day 29,
Day 57, Day 85/end of treatment and Day 99/follow-up

e Responder analyses of ALP response

e Change in serum AST, ALT, GGT, serum albumin and conjugated

(direct) bilirubin values from baseline to Day 15, Day 29, Day 57,
Day 85/end of treatment and Day 99/follow-up

e Changes in CRP, non-esterified fatty acid, TNF-a & 3, TGF-f3, bile
acids, glutathione, IgM, and osteopontin from Baseline to Day
85/end of treatment

e SF-36 and PBC-40 QoL questionnaires

e Bile acid analysis and change in FGF-19 from baseline to Day
85/end of treatment

e Safety

Statistical methods

The percentage change from baseline to end of study was described
with summary statistics. The two-sided Wilcoxon-Mann-Whitney test
at the 5% level of significance was used for the primary endpoint. A
hierarchical testing strategy (131) was proposed to account for
multiple comparisons. The order of evaluation of statistical
significance was as reported for study 747-201 in Table 31.

Results for 10 mg OCA v

s placebo

Patient population

Baseline and demographic characteristics were generally well-
balanced across the treatment groups.

Primary endpoint

There was a clinically and statistically significant reduction in
percentage change in ALP levels from baseline with OCA 10 mg
compared with placebo (p<0.0001). The mean (SD) percentage
change in ALP levels was —23.7 (17.8) U/L with OCA 10 mg versus —
2.6 (12.5) U/L with placebo.

Secondary endpoints

e There was a statistically significantly (p<0.0001) greater reduction
in ALP from baseline to end of treatment relative to placebo in the
ITT, completert, and mITT® populations.

e There were statistically significantly higher proportions of subjects
who met the responder criteria (10, 20 and 40% reduction in ALP
from baseline) in the OCA 10 mg treatment group compared with
placebo

e Improvement in other markers of liver injury was supported by
statistically significant decreases in GGT (p<0.0001), ALT
(p<0.0001), and AST (p=0.0031) from baseline to EOT

e Conjugated bilirubin levels were all within normal ranges at
Baseline and all subsequent time points

e Only two scores were clinically significant in the SF-36 survey,
however, there were no consistent patterns or indication of dose-
response relationships in any domain

e Overall, there were no changes observed in the PBC-40
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guestionnaire for general symptoms, cognitive function, and
emotional/social domains

e Significant reductions in the median total endogenous bile acids
were observed in all OCA treatment groups from Baseline to ET
compared with no change in the placebo group

o AEs were reported by 89% and 84% of subjects in the OCA 10
mg and placebo groups, respectively. Most AEs were mild or
moderate in severity

e There were no deaths. Pruritus was the most common AE leading
to study withdrawal, which occurred only with OCA, not with
placebo

e AEs other than pruritus resulting in discontinuation that occurred
in two or more OCA treated subjects were nausea, peripheral
oedema, increased ALT, and rash.

Conclusion Treatment with OCA in subjects with PBC who have an inadequate
response to UDCA resulted in clinically and statistically significant
improvements from placebo as assessed by changes in serum ALP,
markers of cholestasis, inflammation, and hepatobiliary injury, such
as bilirubin, GGT, ALT, and AST.

Further, OCA treatment resulted in significantly higher rates of
response which is shown to correlate with improved transplant-free
survival.

OCA treatment was safe and general well tolerated.

These data provide a proof of concept that OCA may be a viable
therapy for PBC.

Publications Hirschfield et al, 2015 (101)

Abbreviations: AE, adverse event; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BL, baseline; CRP, C-reactive protein; 6-ECDCA, 6alpha-ethyl-
chenodeoxycholic acid; EOT, end of treatment; FGF, fibroblast growth factor; GGT, gamma-glutamyl
transferase; Ig, immunoglobulin; ITT, intention-to-treat; mITT, modified intention-to-treat; OCA, obeticholic
acid; PBC, primary biliary cholangitis/cirrhosis; QoL, quality of life; TGF, tumour growth factor; TNF, tumour
necrosis factor.

TThe completer population (n=136) included all randomised subjects who received at least one dose of
investigational product based on the treatment group assignment and participated until the end of the
3-month, double-blind treatment period (i.e. Day 85). $The modified intention-to-treat (mITT) population
(n=161) included all randomised subjects who received at least one dose of investigational product and had
at least one post-baseline ALP evaluation taken <7 days after their last dose of investigational product.
Subjects were analysed according to the treatment group to which they were randomized. The primary
efficacy analysis was based on the mITT population. "Note that primary biliary cirrhosis has recently
undergone a name change to primary biliary cholangitis. At the time of the design of the protocol of this
study, the official name was primary biliary cirrhosis and, as such, this is reflected in this table.

Table 34: Study 747-202 (long-term safety extension phase)

Title A study of INT-747 (6-ECDCA; OCA) in combination with ursodeoxycholic
acid (UDCA) in subjects with primary biliary cirrhosist

Study design | A multi-centre, open-label study to assess the long-term treatment effects of
OCA in subjects with PBC. Any subject who continued to meet the protocol
requirements, regardless of the treatment group to which they were assigned
during the double-blind phase, was eligible to participate in the study, including
subjects who had not completed the double-blind phase.

Location UK (2 sites), US (6 sites), Canada (3 sites), Spain (1 site), and Austria (1 site).
Primary
objectives * Safety
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Secondary
objectives

e ALP levels as an assessment of efficacy
e Hepatocellular injury and liver function
e Disease-specific and general health symptoms

Interventions

OCA. The starting dose of OCA was based on the dose of OCA or placebo
received in the double-blind phase, or on the timing of entry into the LTSE phase:

e Placebo subjects: Start on 10 mg OCA OD

e Active treatment subjects: Resume the same randomised dose of OCA,
provided that the OCA dose was well tolerated during the double-blind phase

e Double-blind completed subjects: If the last dose of OCA was taken
>1 month before the start of the LTSE phase, start on 10 mg OCA OD

e Subjects with significant pruritus or other AEs: Must not have received OCA
for at least 1 month before starting the LTSE phase, start on a maximum
dose of 10 mg OCA OD

OCA was to be titrated from 10 mg to 25 mg to 50 mg OD no faster than at 8-

week intervals, until one of the following occurred:

e ALP was in the normal range

e The Investigator considered that an adequate therapeutic response was
obtained

e AEs limited the administration of higher doses

Exceptions were allowed, e.g. titration could have been performed more slowly
and with smaller increments, and subjects could be titrated to doses above
50 mg OD if OCA 50 mg was well tolerated for 23 months.

Sample size | No formal sample size calculation was performed, since any subject who
and power continued to meet the protocol requirements of the double-blind phase was
calculation eligible to participate in the LTSE phase.
Key
inclusion/ e Completion or participation (including early termination subjects) of treatment
exclusion during the double-blind phase of the study
criteria
Primary
efficacy e None
outcome
Sepondary e Absolute and percentage change from baseline in ALP at 3-month visits
efficacy e Absolute and percentage change from baseline in AST, ALT, GGT, and total
outcomes and conjugated bilirubin at 3-month visits

e Absolute change from double-blind baseline to study completion for scale

scores and summary measures
e Absolute change from double-blind baseline for PBC-40 domains at 6-month
visits and study completion

Other e Percentage of subjects that met response criteria Paris I, Pairs Il, Toronto I,
efficacy Toronto Il and Mayo Il at 6-month visits and study completion
variables

e Percentage of subjects with ALP within normal range and with a reduction
from double-blind baseline by 10%, 20% and 40% at 6-month visits and
study completion

e Percentage of subjects with ALP values <1.0, 1.25, 1.5, 1.67, 1.76, 2.0 and

3.0x ULN who had = the respective ALP value at double-blind baseline, at 6-
month visits and study completion

e Percentage of subjects with ALP <1.67x ULN, total bilirubin <ULN and 215%
decrease in ALP who had 21.67x ULN or total bilirubin <ULN at baseline, at
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6-month visits and study completion

Absolute and percentage change from double-blind baseline of ELF score
and its components (HA, P3NP and TIMP-1) at 6-month visits and study
completion

Absolute and percentage changes from double-blind baseline in biomarkers
of hepatic inflammation and fibrosis (CRP, TGF-$ and IgM) at 6-month visits
and study completion

Titration effects on ALP, AST, ALT, GGT and pruritus, measured by the
change and percentage change from the pre-titration to the post-titration
value (measured by VAS and 5-D scores for pruritus)

Primary e Pruritus (AEs and clinically significant interventions)
saf_ety e TEAEs, including:
variables .
o Overall incidence
o Severity
o Relationship to investigational product
o Action taken
o Outcome
Secondary e Vital signs
safgty e Physical examinations
variable

Electrocardiogram
Laboratory results

Other safety

Study duration, exposure and titration

;/natr;?:sl,(te of e Compliance of investigational product
e Status at the end of study, reasons for withdrawal
e  Other concomitant medications
e Titration effects on pruritus
Statistical All safety and efficacy analyses were performed on the safety population. No
methods algorithm for missing data imputation was employed. For AEs, if causality was
missing, it was assumed to be probably related to investigational product.
Missing severity was not imputed
Results
. .
I
Key efficacy | e ALP was lower at Month 3 and the reduced levels were maintained out to
endpoints 1 year of LTSE dosing, suggesting a durable effect of OCA

AST and ALT levels remained within normal range; there was a decrease at
3 months, which was maintained out to 1 year of LTSE dosing

GGT levels were reduced by 52.4% at Month 3 and 60.4% at Month 12
compared with baseline

Total and conjugated bilirubin were within normal range and did not increase
over 12 months of LTSE dosing
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Key safety e SAEs were experienced by five subjects, none of which were considered
endpoints related to investigational product. None of the subjects discontinued due to
the SAE and all but one of the SAEs resolved without sequelae

e The most frequently reported TEAE was pruritus, which was experienced by
87% of subjects during LTSE treatment, and fatigue, insomnia and upper
respiratory tract infection were each reported by 13% of subjects

Publications | Hirschfield 2015 (101)

Abbreviations: AE, adverse event; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate
transaminase; CRP, C-reactive protein; 6-ECDCA, 6alpha-ethyl-chenodeoxycholic acid; ELF, enhanced liver
fibrosis; GGT, gamma-glutamyl transpeptidase; HA, hyaluronic acid; IgM, immunoglobulin M; LTSE, long-
term safety extension; OCA, obeticholic acid; OD, once daily; PBC, primary biliary cholangitis/cirrhosis;
P3NP, procollagen 11l N-peptide; SAE, serious adverse event; TEAE, treatment-emergent adverse event;
TGF-B, transforming growth factor-beta; TIMP-1, tissue inhibitor of metalloproteinase-1; UDCA,
ursodeoxycholic acid; ULN, upper limit of normal; VAS, visual analogue scale. TNote that primary biliary
cirrhosis has recently undergone a name change to primary biliary cholangitis. At the time of the design of
the protocol of this study, the official name was primary biliary cirrhosis and, as such, this is reflected in this
table.

4.8 Subgroup analysis

4.8.1 Methodology and rationale

Subgroups based on demographics (age, age at diagnosis, gender, race, and
geographical site) and baseline characteristics (baseline BMI group, ALP category, total
bilirubin level, years since diagnosis, and UDCA use) were evaluated. Analyses were
performed on the percentage of subjects achieving the primary endpoint, as well as two
secondary efficacy endpoints: change from baseline in ALP and total bilirubin at Month
12. The analyses were performed on the ITT population.

Age, age at diagnosis, years since diagnosis at baseline, and gender were parameters of
interest based on findings from a large cross-sectional study (UK-PBC cohort) with a
total of 2,353 subjects with PBC (n=2,132 females, n=221 males). This study highlighted
that PBC is not a uniform disease with uniform risks and impact, but a disease with high-
and low-risk patients (1). The primary efficacy endpoint, ALP and total bilirubin, were
evaluated based on these parameters of interest (1). The patient population randomised
to POISE was diagnosed early (median age at diagnosis was 47.5 years) and, as such,
was classified as a high-risk population who are more likely to suffer a more severe form
of the disease compared with patients diagnosed later in life (1).

In addition, subgroup analyses were performed to evaluate any differences in patient
demographics, disease characteristics, and efficacy results in subjects in the OCA
titration group who titrated from 5 mg OCA to 10 mg OCA versus those that remained on
5 mg OCA following the Month 6 visit (Section 4.8.4.2). These analyses were performed
predominately to determine the efficacy of OCA at both 5 mg and 10 mg, since the
licensed dose is 5 mg OCA, with titration to 10 mg if required.
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Results are also presented for the small subgroup of patients that took OCA as
monotherapy (Section 4.8.4.3).

4.8.2 Patient characteristics

A total of 69 (97%) subjects from the OCA titration group completed 6 months of the
study. Of these, 36 (52%) remained at 5 mg for the duration of the 12-month treatment
period, and 33 (48%) did not meet the primary composite endpoint but tolerated
investigational product and titrated to 10 mg for the last 6 months of the 12-month period.

Demographic and baseline characteristics for subjects from the two OCA titration
subgroups who completed the Month 6 visit are summarised in Table 35.

Table 35: Demographic and baseline characteristics by OCA titration subgroups: subset of
ITT population

Characteristic OCA titration subgroups
Remained at 5 mg Titrated to 10 mg
n=36 n=33
Age, years
Mean (SD) 55.4 (10.7) 55.6 (10.2)
Min, max 30,81 29, 83
<65 years, n (%) 31 (86) 29 (88)
>65 years, n (%) 5 (14) 4(12)
Sex, n (%)
Male 4 (11) 1(3)
Female 32 (89) 32 (97)
Race/ethnicity, n (%)
White 36 (100) 30 (91)
Non-white 0 (0) 3(9)
Region, n (%)
Europe 22 (61) 23 (70)
North America 12 (33) 7 (21)
Australia 2 (6) 3(9)
BMI, kg/m?
Mean (SD) 25.5 (4.3) 26.0 (5.6)
Min, max 18, 37 18, 41
<30 kg/m?, n (%) 31 (86) 26 (79)
230 kg/m?, n (%) 5 (14) 7 (21)
UDCA use at baseline, n (%)
Yes 32 (89) 32 (97)
No 4 (11) 1(3)
Baseline ALP, U/L
Mean (SD) 306.7 (121.9) 348.1 (109.1)
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Characteristic OCA titration subgroups
Remained at 5 mg Titrated to 10 mg
n=36 n=33
Min, max 187, 811 212, 566
<3x ULN, n (%) 28 (78) 22 (67)
>3x ULN, n (%) 8 (22) 11 (33)
Baseline total bilirubin, pumol/L
Mean (SD) 9.6 (6.2) 11.1 (4.6)
Min, max 2,36 4,22
<ULN, n (%) 35 (97) 30 (91)
>ULN, n (%) 1(3) 3(9)
Baseline conjugated bilirubin, pmol/L
Mean (SD) 4.9 (6.0) 4.2 (2.2)
Min, max 1.5,35.2 15,96
Baseline albumin, g/L
Mean (SD) 42.8 (3.0) 43.4 (3.1)
Min, max 34, 49 33,51
>LLN, n (%) 30 (83) 31 (94)
<LLN, n (%) 6 (17) 2 (6)
Baseline INR
N 36 32
Mean (SD) 1.0 (0.4) 1.1 (0.5)
Min, max 0.9, 33 0.9, 35
<1.3,n (%) 35 (97) 30 (91)
>1.3,n (%) 1(3) 2 (6)

Abbreviations: ALP, alkaline phosphatase; BMI, body mass index; INR, International standardised ratio; ITT,
intention-to-treat; LLN, lower limit of normal; OCA, obeticholic acid; SD, standard deviation; UDCA,
ursodeoxycholic acid; ULN, upper limit of normal.

4.8.3 Statistical information

The primary efficacy endpoint, the absolute and percentage change in ALP and bilirubin
from baseline, and TEAEs were descriptively analysed for several subgroup populations.
The ITT population was used for the efficacy endpoints, and the safety population for
AEs. The cut-off for these analyses was either consistent with appropriate regulatory
guidelines (e.g. age, gender, geographical region) or represented clinically meaningful
divisions. Subgroup outcomes were calculated only if there were greater than 5 subjects
per group at baseline.

Baseline subgroups of interest were:

e Age: <65 years, 265 years
e Age at diagnosis: <50 years, 250 years
e Sex: male, female
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e Race: white, non-white

e BMI: <30 kg/m?, 230 kg/m?

e ALP level: <3x ULN, >3x ULN

e ALP level: tertile (only for the absolute and percentage change in ALP)
¢ Bilirubin level: >ULN, <ULN

e Use of UDCA: Yes, No

e Years since diagnosis: <7.5 years, >7.5 years

e Geographic region: Europe, North America/Australia

Additional subgroup analyses were performed on the primary efficacy endpoint, absolute
and percentage change in ALP from baseline, and the incidence of treatment-emergent
pruritus using the following subgroups:

e Subijects in the OCA titration group who completed the Month 6 titration visit:
Subjects who remained at OCA 5 mg, Subjects who titrated from OCA 5 mg to
OCA 10 mg

48.4 Results

4.8.4.1 Analysis of the primary endpoint

In general, results from the subgroups were consistent with the observed effect in the
overall ITT population in that greater and statistically significant improvements were
observed in OCA-treated subjects compared with placebo-treated subjects. In terms of
the primary composite endpoint, the effect of OCA was consistent independent of age at
diagnosis, duration of PBC, or years since diagnosis. While the analyses according to
sex were confounded by an imbalance in sample size with more females than males, a
numerically better response in OCA-treated subjects was consistently demonstrated
versus those receiving placebo.

Detailed results are provided in Appendix 4; however, a summary of the key results are
listed below.

e ALP and total bilirubin: A larger proportion of subjects with lower baseline ALP or
total bilirubin achieved the primary endpoint.

¢ BMI: Modestly lower responses in the composite endpoint and ALP were observed
in subjects with a BMI 230 kg/m? compared with subjects with a BMI <30 kg/m?.

¢ UDCA treatment: When evaluating only those subjects who were not taking
UDCA treatment, there was a statistically significantly higher response for OCA-
treated subjects compared with placebo-treated subjects.

e Geographical region:

o There was a statistically significantly greater percentage of subjects treated with
OCA at the European sites who met the primary endpoint versus placebo-
treated subjects. There was no statistically significant difference between
subjects treated with OCA versus those receiving placebo for the North
America/Australia sites.

o The apparent diminished efficacy in North America/Australia in terms of the
primary endpoint was caused by a notable mean reduction from baseline in ALP
in the North America/Australia placebo group. This will diminish the response in
the OCA groups compared with placebo. Post hoc sensitivity analyses using the
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last measurement prior to first dose instead of the average of all measurements
prior to Day O demonstrated a statistically significantly higher percentage of
subjects achieving the primary composite endpoint across the 12-month period
with OCA vs placebo. Taking these limitations into account, no discernible
gualitative differences were observed in any of the demographic subgroup
categories for the primary composite endpoint, ALP, or total bilirubin analyses.

4.8.4.2 Subgroup analyses —5 mg versus 10 mg OCA

Patients in the POISE trial were diagnosed with PBC relatively early in their life and, as
such, present a more at-risk patient population (1). Therefore, it is likely that a proportion
of subjects will not meet the definition of a responder (ALP <1.67x ULN and total bilirubin
<ULN and ALP decrease =215%) after 6 months of treatment with 5 mg OCA, and thus
will require their dose to be titrated to 10 mg for the remaining 6 months of the study.
Therefore, the subgroup analyses evaluated and compared subjects that remained on

5 mg OCA compared with those that titrated to 10 mg OCA.

Demographics and baseline characteristics

The majority of demographic categories were similar between subjects who remained on
OCA 5 mg versus subjects who titrated to OCA 10 mg. There were some key
differences, however, which are listed below:

e A lower percentage of subjects who remained at 5 mg had a BMI 230 kg/m?
compared with those who titrated to OCA 10 mg

¢ In the North American sites, a greater percentage of subjects remained at 5 mg,
while a larger percentage of subjects titrated to 10 mg in the European sites

e Baseline ALP and total bilirubin levels were lower in subjects who remained at
5 mg OCA vs those who titrated to 10 mg.

PBC disease characteristics

A similar percentage of subjects had a history of pruritus, and the severity of the most
recent pruritus event prior to randomisation was generally similar between the two
subgroups. However, there were some key differences in disease characteristics at
baseline between the subgroups:

e A greater percentage of subjects who remained at 5 mg (62%) had pruritus
ongoing at baseline compared with subjects who titrated to 10 mg (42%)

¢ Of those who had pruritus at baseline, the severity of the baseline pruritus was
greater for subjects who remained at 5 mg compared with those who titrated to 10
mg (moderate pruritus was 39% and 7%, respectively)

¢ A two-fold greater percentage of subjects in the 5 mg subgroup had a history of
fatigue, compared with those subjects who titrated to 10 mg (70% versus 36%,
respectively).

Efficacy

Primary endpoint: At Month 12, a greater proportion of subjects who remained at 5 mg
OCA achieved the primary endpoint versus those that titrated to 10 mg OCA (53% vs
39%, respectively). However, since those that were titrated from 5 mg OCA to 10 mg
OCA at Month 6 had previously failed to meet the primary endpoint, i.e. 0% of these
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patients had met the primary endpoint at Month 6, an increase to 39% demonstrates that
a significant incremental benefit can be gained with titration of OCA. In addition, it is
likely that the benefit of OCA is underestimated in the group who did not up-titrate at
Month 6. The SmPC advises all patients to up-titrate from 5 mg to 10 mg, if tolerated.
Therefore, in clinical practice it is likely that patients will benefit further from the higher
dose of OCA.

ALP, total bilirubin, and conjugated bilirubin: Absolute and percentage reductions
from baseline in ALP were highly statistically significant for both OCA titration subgroups.
These results support the results for the primary endpoint, in that for some subjects 5 mg
OCA is sufficient for a clinically and statistically significant response, but for those
subjects whose response is suboptimal following 6 months of treatment at 5 mg OCA,
additional efficacy can be achieved by titrating to 10 mg. However, the absolute and
percentage reductions in ALP were greater at Month 12 for subjects who titrated to

10 mg OCA compared with those who remained on 5 mg OCA.

The absolute mean reduction from baseline in total bilirubin was statistically significant at
both Month 6 and Month 12 for subjects who titrated to 10 mg OCA but not for subjects
who remained at 5 mg OCA. Baseline conjugated bilirubin was slightly higher in subjects
who remained at 5 mg OCA compared with subjects who titrated to 10 mg OCA.
Conjugated bilirubin levels were reduced from baseline for both subgroups at Month 6
and Month 12, with the absolute reduction at Month 6 for subjects who titrated to 10 mg
OCA being statistically significant (p=0.0378).

4.8.4.3 Subgroup analyses — Subjects not taking UDCA

Only 11 subjects took OCA as monotherapy (five in the OCA titration group and six in the
OCA 10 mg fixed dose group) and five subjects took placebo without UDCA. Of these,
two subjects (40%) achieved the primary composite endpoint at Month 12 in the OCA
titration group and one (17%) in the OCA 10 mg fixed dose group (Table 36). ALP levels
decreased from baseline to Month 12 in both groups, and bilirubin levels decreased
slightly in the OCA titration group but increased slightly in the OCA 10 mg fixed dose
group. None of the results were statistically significant for either group vs placebo, which
is not surprising given the small patient numbers in this analysis.

Table 36: Results for subjects not taking UDCA

Pé?gﬁt;o OCA titration group OCA 10 mg fixed dose
(n=5) (n=5) group (n=6)
] ] p-value vs : p-value vs

Endpoint Endpoint placebo Endpoint placebo
Achieving the primary
composite endpoint, n (%) 0 (0) 2 (40) 0.0833 1(17) 0.3173
Change from baseline to
Month 12 in ALP, LS 213(98.4) | 22 0.4702 -1758 0.0895

(76.2) (71.5)

mean (SE)
Change from baseline to
Month 12 in total bilirubin, -1.2 (3.0) -0.5(2.1) 0.8505 1.4 (1.8) 0.4521
LS mean (SE)

Abbreviations: LS, least squares; OCA, obeticholic acid; SE, standard error; UDCA, ursodeoxycholic acid.
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4.9 Meta-analysis

There was only one relevant Phase lll trial providing data for the efficacy of OCA in PBC,
therefore a meta-analysis was not conducted.

4.10 Indirect and mixed treatment comparisons

Indirect and mixed treatment comparisons were not conducted. The pivotal trial provides
direct evidence of the effect of OCA compared with UDCA in patients who had an
inadequate response to UDCA of OCA compared with no additional treatment for people
who are unable to tolerate UDCA.

4.11 Non-randomised and non-controlled evidence

There are no non-RCTs relevant to this submission.

4.12 Adverse reactions

All safety data reported in this section are derived from the pivotal Phase 3 study,
POISE, the methodology for which is described in Section 4.3. Supporting safety data
were obtained from two Phase 2 trials, 747-201 and 747-202. The methodologies for
these trials are described in Section 4.7.2 and they are summarised in Section 4.7.2.

4121 Summary of adverse events reported in POISE

POISE included 216 subjects in the safety population who had PBC and were
randomised to receive OCA 5 mg, OCA 10 mg, or placebo as described in detail in
Section 4.3.

A summary of the AEs, based on the number of events occurring in 25% of patients in
either treatment group are detailed in Table 37 and Table 38, and a summary of pruritus-
related AEs is detailed in Appendix 5.

Table 37: Overview of adverse events: safety population (POISE)

Subjects, n (%) Placebo OCA titration OCA 10 mg
n=73 n=70 n=73
Any TEAE 66 (90) 65 (93) 69 (95)
Total number of TEAEs 452 471 467
Any treatment-related AET 38 (52) 42 (60) 54 (74)
Any SEAs 3(4) 11 (16) 8 (11)
Total number of SAEs 8 15 11

TEAES by severity

Mild 29 (40) 16 (23) 19 (26)
Moderate 28 (38) 27 (39) 29 (40)
Severe 9 (12) 22 (31) 21 (29)
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Subjects, n (%) Placebo OCA titration OCA 10 mg
n=73 n=70 n=73
Any TEAE leading to discontinuation 2 (3)* 5(7)8 8 (11)7
Discontinuation due to pruritus 0 (0) 1(1) 7 (10)
Number of deaths 0 (0) 1(1) 0 (0)

Abbreviations: AE, adverse event; Cl, confidence interval; eCRF, electronic case report form; SAE, serious
adverse event; TEAE, treatment-emergent adverse event.
T Includes any events determined to be “possibly”, “probably”, and “definitely” related. ¥One subject was

discontinued from study due to withdrawal of consent; $No subjects withdrew who titrated to OCA 10 mg.
TOne subject experienced a TEAE of fatigue, which was recorded as a discontinuation on the AE eCRF;
however, the subject remained in the study and study drug was not changed.

Table 38: Summary of TEAES, severity of AEs, and treatment-related AEs occurring in 25%

of subjects in either OCA treatment group

SOC/preferred term, Placebo OCA titration OCA 10 mg
n (%)t N=73 N=70 N=73
TEAEs occurring in 25% of subjects in either OCA treatment group?
Skin and subcutaneous tissue disorders
Pruritus 28 (38) 39 (56) 50 (68)
Rash 34 34 4 (5)
Eczema 0 4 (6) 2 (3)
General disorders and administration site conditions
Fatigue 10 (14) 11 (16) 17 (23)
Oedema peripheral 2 (3) 2(3) 5(7)
Pyrexia 1(1) 0 5(7)
Infections and infestations
Nasopharyngitis 13 (18) 17 (24) 13 (18)
Upper respiratory 8 (11) 4 (6) 4 (5)
tract infection
Urinary tract 8 (11) 4 (6) 4 (5)
infection
Influenza 4 (5) 5(7) 4 (5)
Bronchitis 0 4 (6) 1(1)
Sinusitis 0 1(1) 4 (5)
Gastrointestinal disorders
Nausea 9 (12) 4 (6) 8 (11)
Diarrhoea 8 (11) 2(3) 8 (11)
Constipation 4 (5) 5() 5(7)
Abdominal pain 5(7) 5(7) 4 (5)
upper
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SOC/preferred term, Placebo OCA titration OCA 10 mg
n (%)t N=73 N=70 N=73

Gastroesophageal 4 (5) 2 (3) 4 (5)

reflux disease

Dyspepsia 8 (11) 4 (6)

Abdominal 1(1) 5(7)

discomfort
Musculoskeletal and connective tissue disorders

Arthralgia 3(4) 4 (6) 7 (10)

Back pain 8 (11) 4 (6) 4 (5)
Nervous system disorders

Headache 13 (18) 12 (17) 6 (8)
Respiratory, thoracic, and mediastinal disorders

Cough 5() 4 (6) 6 (8)

Oropharyngeal pain 1(1) 5() 6 (8)
Injury, poisoning, and procedural complications

Procedural pain 1(1) 4 (6) 1(1)

Fractures 3(4) 2 (3) 4 (5)
Cardiac disorders

Palpitations 1(1) 23 5(7)
Eye disorders

Dry eye 4 (5) 23 4 (5)
Endocrine disorders

Hypothyroidism 1(1) 4 (6) 1(1)
Incidence of TEAE by maximum severity, n (%)
Mild 29 (40) 16 (23) 19 (26)
Moderate 28 (38) 27 (39) 29 (40)
Severe 9(12) 22 (31) 21 (29)

Treatment-related AEs in 25% of subjects in any OCA treatment group, n (%)°

Skin and subcutaneous tissue disorders

Pruritus 27 (37) 35 (50) 48 (66)
General disorders and administration site conditions

Fatigue 8 (11) 6 (9) 6 (8)
Gastrointestinal disorders

Nausea 4 (5) 3(4) 4 (5)

Abbreviations: AE, adverse event; N, total number of subjects; n, number of subjects experiencing an event,
OCA, obeticholic acid; SOC, systems organ class; TEAE, treatment-emergent adverse event.

1 At each level of summation, subjects reporting >1 AE are counted only once.

T a TEAE is defined as any event that newly appeared, increased in frequency, or worsened in severity
following initiation of investigational product. At each level of summation, subjects reporting >1 AE are

counted only once using the highest severity.
§ treatment-related AEs include all events reported as “possible”, “probable”, or “definite” relationship to

study drug.
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412.2 Safety overview

4.12.2.1 Summary of key safety

OCA treatment was safe and generally well tolerated. Pruritus was the most common
TEAE with a higher incidence reported in OCA treatment groups (OCA titration [56%)]
and OCA 10 mg [68%] versus the placebo [38%]). While pruritus was the most
commonly reported TEAE, pruritus is a symptom of the disease, and therefore OCA may
transiently exacerbate this feature of the disease, but patients will already be familiar
with the adverse event. However, based on the rate of treatment discontinuations due to
pruritus, treatment was better tolerated in subjects treated with OCA who initiated
treatment at 5 mg and titrated up to 10 mg after 6 months based on clinical response.
Additionally, the severity of pruritus was mitigated by this dosing strategy compared to
starting at OCA 10 mg. There were no discontinuations due to pruritus in the placebo
group, and in the majority of subjects who experienced pruritus in this group, the
maximum severity of pruritus was mild or moderate. The incidence of TEAEs assessed
as related, severe, serious, or leading to study discontinuation was higher in subjects
treated with OCA, compared with placebo. With the exception of SAEs, these
imbalances were predominantly attributed to pruritus.

Total TEAES

The overall incidence of TEAEs was generally similar between OCA and placebo
treatment groups. A total of 66 subjects (90%) from the placebo group reported 452
TEAES, 65 subjects (93%) from the OCA titration group reported 471 TEAESs, and 69
subjects (95%) from the OCA 10 mg group reported a total of 467 TEAES.

TEAEs occurring in 25% of subjects in either of the OCA groups

TEAES that occurred with an incidence of 25% and were reported more frequently in
either of the OCA treatment groups compared with placebo included pruritus, rash,
eczema, fatigue, pyrexia, peripheral oedema, nasopharyngitis, influenza, bronchitis,
sinusitis, diarrhoea, constipation, abdominal discomfort, arthralgia, cough, oropharyngeal
pain, procedural pain, fractures, palpitations, and hypothyroidism.

TEAES that occurred at an incidence of 25% and were reported with an incidence of >3%
more frequently in subjects receiving OCA compared with placebo were limited to
pruritus, fatigue, hypothyroidism, procedural pain, oropharyngeal pain, arthralgia,
abdominal discomfort, sinusitis, peripheral oedema, pyrexia, palpitations, eczema,
bronchitis, and nasopharyngitis.

Treatment-related AEs

As expected based on prior experience with OCA treatment in patients with PBC, the
most common related TEAE was pruritus. In all treatment groups, the majority of pruritus
AEs were considered related to investigational product. The incidence and number of
subjects with related TEAEs of pruritus was 27 subjects (37%) in the placebo group, 35
subjects (50%) in the OCA titration group, and 48 subjects (66%) in the OCA 10 mg
group. Fatigue and nausea were the only other related TEAE that occurred at an
incidence 25%; however, these events were balanced between placebo and OCA
treatment groups.
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4.12.2.2 Safety parameters of special interest

Pruritus

A higher incidence of pruritus was observed in the OCA titration and OCA 10 mg groups
when compared with placebo (60%, 74%, and 37%, respectively). Most pruritus events
were of mild or moderate severity and resolved during the treatment period. Starting at
OCA 5 mg and titrating to 10 mg OCA was associated with improved tolerability versus
starting at 10 mg OCA. In the majority of cases, subjects remained in the study despite
varying pruritus severity.

Hepatic-related effects

There was no dose-dependent trend in the incidence of hepatic-related events. In
agreement with the improvements in hepatic indices, hepatic safety was maintained
during the course of the study in both OCA treatment arms.

Lipid-related effects

There was an early decrease in high-density lipoprotein cholesterol (HDLc), which later
stabilised, and all values remained within the normal range. In addition, there was a
modest and transient increase in low-density lipoprotein cholesterol (LDLc) in OCA-
treated subjects; however, there were no differences between groups after 12 months of
treatment and hypercholesterolemia doesn’t appear to increase the risk of cardiovascular
disease in PBC patients (47). There was a greater number of subjects in the 10 mg OCA
groups that experienced a shift from normal HDLc at baseline to a lower level after 12
months when compared with placebo. However, there were no treatment differences for
lipid-related AEs.

Cardiovascular-related TEAEs

There were no treatment differences observed for cardiovascular-related AEs or SAES.

Deaths and other SAEs

One death occurred during the double-blind phase (cardiac failure) in a subject from the
OCA titration group who had an extensive history of cardiovascular conditions including
cardiac failure. In total, three subjects (4%), 11 subjects (16%), and 8 subjects (11%)
experienced SAESs in the placebo, OCA titration, and OCA 10 mg groups, respectively.
None of the SAEs were considered to be related to study drug.

AEs leading to study discontinuation

A greater proportion of subjects in the OCA titration and OCA 10 mg groups experienced
TEAESs which lead to study discontinuation when compared with placebo (7%, 11%, and
3%, respectively). The majority of these were attributed to pruritus and occurred in the
OCA 10 mg group (10%). One subject (1%) discontinued due to pruritus in the OCA
titration group versus none in the placebo group.

Safety laboratory parameters

No clinically meaningful differences between treatment groups were observed for any
safety laboratory parameters.
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4.12.2.3 Other safety evaluations

¢ As may be expected, minimal changes in MRS and MELD scores were observed in
either treatment group indicating overall stable disease state over the course of the
12-month treatment period.

e Generally, reductions in DEXA scans results were observed from baseline to
month 12 in all treatment groups. However, the decrease in mean femoral neck T-
score from baseline to month 12 was significantly less in the OCA-treated groups
compared with placebo. No significant differences from baseline or between
treatment groups were seen in lumbar or femoral Z-scores.

e Overall, no clinically meaningful mean changes from Baseline to Month 12 in body
weight or BMI were observed in any of the treatment groups and no clinically
meaningful differences in vital signs or ECGs were noted.

4.12.3 Interim safety results from the long-term safety extension of
POISE (Study 747-301)

Currently, there is an ongoing 5-year LTSE of the Phase 3 POISE study. As such,
interim results are provided for the first 12 months of this study. For full study details, see
Section 4.7.2.1.

Overall, continued treatment with OCA was safe and generally well tolerated with longer

term treatment. During the LTSE, 10 subjects in the safety population discontinued from

the study, 4 (2%) of these discontinuations were due to TEAES, which was a comparable
rate to that observed in the double-blind period.

The AE profile observed during the LTSE was consistent with that observed for OCA
treatment in the double-blind period. Consistent with the double-blind period and the
disease state in general, pruritus was the most common TEAE as assessed by crude
and exposure adjusted incidence. Most pruritus events were mild to moderate in
severity, with an increase in the occurrence of severe pruritus, as assessed by exposure
adjusted incidence noted with increasing OCA dose with the highest rates observed in
subjects who titrated to >10 mg OCA.

In the double blind phase, the use of a titration strategy mitigated subject
discontinuations due to pruritus. The use of a titration strategy was similarly beneficial in
the LTSE phase, with only one subject who enrolled in the LTSE discontinuing due to
pruritus.

All SAEs occurring to date in the LTSE were considered unrelated or unlikely to be
related to OCA. With the exception of one SAE that was fatal, all SAEs resolved with or
without sequelae. There was no dose related trend or system organ class grouping of
SAEs.

Lipid effects in the LTSE were consistent with the double-blind period. With continued
OCA treatment, there was no change from baseline in LDL while the decrease in HDL
was sustained.
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413 Interpretation of clinical effectiveness and safety
evidence

4.13.1 Principal (interim) findings from the clinical evidence highlighting
the clinical benefits and harms of the technology

The double-blind phase of POISE assessed the efficacy, safety, and tolerability of OCA
with or without UDCA (depending on tolerability) compared with placebo with or without
UDCA (depending on tolerability) in patients with an adequate response to, or who are
intolerant to, UDCA. Of 316 patients screened, 217 were randomised and 216 were
included in the ITT population. The patient population was representative of patients with
PBC in the UK, and baseline characteristics were generally well balanced across
treatment arms.

The primary endpoint of POISE was met. Treatment with OCA resulted in clinically and
statistically significant improvements from placebo as assessed by a composite ALP and
total bilirubin endpoint (ALP <1.67x ULN [200 U/L], bilirubin <ULN [20 uymol/L] and 215%
decrease from baseline in ALP). Almost five times as many patients had response to
treatment in the OCA groups 47% and 46% of patients in the 10 mg OCA fixed dose and
the OCA titration groups, respectively) than in the placebo group (10% of subjects;
p<0.0001). Furthermore, as secondary endpoints, the effect of OCA on several other
independent biochemical response criteria incorporating ALP, AST, bilirubin and albumin
(i.e. Paris |, Paris Il, Toronto Il, and Mayo II), all of which are shown to correlate with
improved prognostic outcomes, were supportive of the potential effect of OCA in
inhibiting the progression of PBC and improving clinical outcomes.

Patients treated with OCA were over 30 times more likely to achieve a reduction in ALP
240% over 12 months compared with placebo (odds ratios of 34.7 and 43.0 for the OCA
titration and OCA 10 mg fixed dose groups, respectively). Mean ALP was statistically
significantly reduced from as early as 3 months compared with placebo, which
maintained stable ALP. Total and conjugated bilirubin levels increased with placebo, but
decreased or remained stable for both OCA treatment groups, and the results were
statistically significant at 6 and 12 months. In addition, GGT, ALT and AST were
statistically significantly reduced with OCA compared with placebo, which maintained or
increased levels.

Other secondary endpoints, including several biochemical markers of FGF-19, CK-18,
total endogenous bile acid, CRP, and TNF-a demonstrated clinically and statistically
significant improvements compared with placebo that were sustained during the 12-
month period. These improvements, paralleled by the improvement in liver biochemistry
due to FXR-mediated effects on bile acid homeostasis, are further supportive of a
beneficial disease-modifying effect of FXR activation over at least a 12-month period.

Subgroup analyses demonstrated that the effect of OCA on achieving the primary
composite endpoint and changes in ALP and total bilirubin were independent of age at
diagnosis, duration of PBC, and baseline ALP. In general, the baseline and demographic
subgroup analyses were consistent with the observed effect in the overall population, in
that OCA-treated subjects had more favourable outcomes than subjects receiving
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placebo. For subjects receiving BAS, efficacy was modestly attenuated in subjects
receiving OCA 5 mg but was not affected in subjects receiving OCA 10 mg.

Based on the clinical response and adverse event profile, initiating subjects on OCA

5 mg and titrating to 10 mg appears to be an appropriate dosing strategy. For some
subjects, the composite endpoint was achieved with 5 mg OCA, however, an additional
incremental benefit was gained by titrating to 10 mg OCA in those that failed to achieve
an optimal response within 6 months of initiating treatment, and this is therefore the
recommended dosing strategy for all patients according to the summary of product
characteristics (SmPC).

An ongoing long-term safety extension (LTSE) of POISE has shown continuing efficacy
of OCA out to a further 12 months in terms of ALP and bilirubin levels. Evidence from
two Phase 2 studies and their LTSEs provide further support for the efficacy of OCA
observed in POISE.

OCA was generally well tolerated, with pruritus being the most commonly reported AE.
However, it is important to consider that pruritus is a common symptom of PBC; 63% of
patients in POISE had a history of pruritus. Therefore, patients and their clinicians are
typically familiar with the condition and its management.

In conclusion, OCA for the treatment of adults with PBC who have failed treatment with
or are intolerant to UDCA is an effective and tolerable treatment option. OCA (5 mg and
10 mg) resulted in clinically and statistically significant improvements in a range of
evidence-based disease-related prognostic factors, which is expected based on
predictive modelling to lead to a reduced risk of liver transplant and/or death. In addition,
markers of inflammation and liver dysfunction were reduced.

4.13.2 Strengths and limitations of the clinical evidence base for the
technology

4.13.2.1 Strengths
1. Design features of POISE

¢ POISE was a high-quality, multi-centre, multi-national randomised, controlled,
double-blind study
e Itis the largest clinical trial in PBC to date, including 216 patients

2. Representativeness of patient population and generalisability to UK clinical practice

e The patient population in POISE was validated as representative of the
population with PBC in the UK by clinical expert opinion
e Itincluded nine sites in the UK:

o Seven in England (London, Oxford, Newcastle-Upon-Tyne, Birmingham,
Nottingham, Bristol, and Manchester)
o Two in Scotland (Larbert and Dundee)
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3. Value of clinical outcomes observed with OCA

e There is currently no licensed or effective treatment option for patients who have
an inadequate response to, or are intolerant to, UDCA

o These patients are at significantly increased risk of complications, the
requirement of liver transplantation, HCC and death

o Therefore, an effective treatment option for these patients is likely to make a
substantial difference to the patients’ health and quality of life, and also is likely
to avoid the costly downstream events in PBC such as the management of
complications and liver transplant

e OCA is the first new and effective treatment for PBC in almost 20 years, and
provides a novel, innovative mechanism of action targeting the FXR receptor

e ALP is the key biomarker of PBC, with elevated bilirubin indicative of end-stage
disease

o Mean ALP decreased significantly with OCA (in both treatment groups), but
remained stable at >1.67x ULN (200 U/L) in the placebo group

= A patient-level meta-analysis (15) found that attaining an ALP <1.67x ULN is
associated with a statistically significantly reduced risk of disease
progression over the subsequent 10 years
o Mean bilirubin decreased or remained stable with OCA (in both treatment
groups), but increased in the placebo group to >0.5x ULN (20 umol/L)

= An increase in risk for liver transplantation or death starts at levels of bilirubin
>0.5x ULN (47)

o Since the vast majority (93%) of patients were taking UDCA in the placebo
group, this shows clear progression of disease in these patients on the only
currently licensed treatment option for PBC, correlating to an increased risk of
complications, the requirement for liver transplantation, HCC and death

= There is a substantial unmet need for an effective treatment option for these
patients

e ltis likely that the clinical benefit of OCA is actually underestimated in the OCA
titration group of POISE compared with that proposed for clinical practice

o ltis recommended that patients initiate treatment at 5 mg and up-titrate to
10 mg at 6 months if tolerated

o However, in POISE, patients in the OCA titration group were only up-titrated
from 5 mg to 10 mg OCA if they did not reach the primary endpoint criteria for
response

o Therefore, further benefit in terms of efficacy is likely to be seen in clinical
practice in this patient group due to the higher dose of OCA

4.13.2.2 Limitations

The main limitation of POISE was the necessity to use surrogate endpoints. This is due
to the rarity, slow rate of progression in most patients, and chronic nature of PBC.

However, ALP and bilirubin levels are key factors for determining patients’ prognoses
and are included in a wide range of PBC patient scoring systems. Elevated ALP levels
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are used as a marker for cholestasis in patients with PBC throughout the progression of
the condition and are a key component used in the diagnosis of PBC in European
guidelines (33).

Both ALP and bilirubin are commonly used in an array of algorithms to predict survival
and transplant outcomes in patients with PBC (11-13, 16, 125, 126). Data demonstrates
that in patients with PBC who receive treatment with UDCA, a reduction in ALP is
associated with a general reduction in the risk of death and an increase in transplant-free
survival (16, 125, 126). For example, Kuiper et al demonstrated that the normalisation of
ALP and/or bilirubin was associated with an overall increase in survival outcomes,
irrespective of the degree of disease severity (13). More recently, a patient-level meta-
analysis study by Lammers et al demonstrated the significant prognostic value of ALP
and bilirubin levels on long-term clinical outcomes in patients with PBC (15). Generally,
the study demonstrated that lower levels of ALP and bilirubin strongly correlated with a
longer transplant-free survival in a log linear manner. Of patients with ALP <2.0x ULN,
84% survived for 10 years compared with 63% of those with levels >2.0x ULN, and of
patients with bilirubin <1.0x ULN, 86% survived for 10 years versus just 41% in patients
with bilirubin >1.0x ULN (15). When evaluating ALP alone, attaining an ALP <1.67x ULN
is associated with a statistically significantly reduced risk of disease progression over the
subsequent 10 years, and is therefore a key clinical goal when evaluating the
effectiveness of treatment in patients with PBC (18).

In addition, bilirubin is an independent predictor of PBC prognosis and disease
progression, and was used as an endpoint to support the marketing authorisation
application of UDCA in the EU. Many PBC studies have shown that increased bilirubin
levels are an independent predictor of a poor prognosis (13, 88, 132-136), with increased
survival associated with levels <ULN. As noted in the American Association for the Study
of Liver Disease (AASLD) Endpoints Conference (137) bilirubin levels are an important
serum marker of survival and are also a key criterion of the Model for End Stage Liver
Disease (MELD) score that is used to manage US liver transplant programs and others
globally (138).

Importantly, changes in ALP and bilirubin occur during different stages of PBC disease
progression, with ALP changes occurring during the early/asymptomatic stages whereas
changes in bilirubin occur during the later/decompensated stages of the disease.
Therefore, the prognostic value of these surrogate markers is significantly increased
when combined and evaluated together (15). Momah et al from the Mayo clinic
evaluated different biochemical thresholds versus a combination of clinical outcomes
such as varices, ascites, death, or liver transplantation in a cohort of UDCA-treated
patients, and concluded that combining ALP and bilirubin (ALP <1.67x ULN and bilirubin
<1 mg/dL) was the most discriminating of the algorithms they evaluated (17).

The validity of the combined surrogate endpoint proposed by Momah et al has since
been supported by a meta-analysis of patient-level data from the Global PBC study (15).
The Global PBC study comprised data from 4,845 patients from 15 centres in North
America and Europe, and is the largest international database of PBC patients to date.
The Global PBC study demonstrated that the combined use of ALP and bilirubin levels
provided greater prognostic predictability versus either component alone (15). Therefore,
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the use of both ALP and bilirubin for evaluating patients with PBC represents an
evidence-based, clinically meaningful surrogate endpoint for use in clinical studies (15).

4.14 Other ongoing studies

There is a long-term phase 3b study (747-302, COBALT) currently recruiting participants,
details of which are summarised in Table 39. Results of COBALT will establish whether
OCA has an impact on long-term clinical outcomes and to what degree, and results are
expected to validate the surrogate endpoints used in POISE.

There is also an ongoing phase 2 study that is summarised in Table 40. In addition, the
long-term safety extension of the phase 2 study 747-201 (as described in Section
4.7.2.2) is ongoing, with a planned maximum exposure time of approximately 6 years
and 3 months.

Table 39: Details of the ongoing trial 747-302 (COBALT)

Title Phase 3 study of obeticholic acid evaluating clinical outcomes
in patients with primary biliary cirrhosis® (COBALT)

Trial numbers 747-302, NCT02308111

Trial design Phase 3b, double-blind, randomised, placebo-controlled, multi-

centre study evaluating the effect of obeticholic acid on clinical
outcomes in patients with PBC

Location Up to 170 sites internationally, in Argentina, Australia, Austria,
Belgium, Bulgaria, Canada, Chile, Denmark, Estonia, Finland,
Former Serbia and Montenegro, France, Germany, Hungary, Israel,
Italy, Lithuania, Mexico, Netherlands, New Zealand, Poland,
Republic of Korea, Spain, Sweden, Switzerland, Turkey, the UK and

the US
Estimated enrolment 350
Duration Time to accrue approximately 121 primary endpoint events,

estimated to be approximately 8 years, with an expected minimum
follow-up time of approximately 6 years

Interventions Subjects will be randomised 1:1 (stratified by standard treatment
with UDCA [yes/no] and baseline liver function) to either:

e OCA 5 mg OD for 3 months and then titrating up to 10 mg OD
for the remainder of the trial, based on tolerability; or

e Placebo OD

Primary outcome Composite endpoint of any of the following:
measures e Death

e Liver transplant

e MELDT score 215

e Uncontrolled ascites, defined as diuretic resistant ascites
requiring therapeutic paracentesis at a frequency of at least
twice in a month

e Hepatocellular carcinoma confirmed by two complementary
imaging modalities

e Hospitalisation (defined as a stay of 224 hours) for new onset or
recurrence of any of the following:
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o Variceal bleed
o Encephalopathy, as defined by a West Haven score of 22

o Spontaneous bacterial peritonitis confirmed by diagnostic
paracentesis

Secondary outcome e First occurrence of each of the following:
measures
o Death
o Liver transplant
o MELD score >15

o Uncontrolled ascites (defined as diuretic resistant ascites
requiring therapeutic paracentesis at a frequency of at least
twice in a month)

o Hepatocellular carcinoma confirmed by two complementary
imaging modalities

o Hospitalisation (defined as a stay of 224 hours) for new
onset or recurrence of any of the following:
= Variceal bleed

= Encephalopathy, as defined by a West Haven score of
=2

= Spontaneous bacterial peritonitis confirmed by
diagnostic paracentesis

e Changes from baseline in bilirubin, AST, ALT, ALP and GGT as
markers of liver biochemistry

e Changes from baseline in IgM, CRP, TNF-a and FGF-19 as
markers of inflammation

e Changes in CK-18, ELF test, and transient elastography as
markers of liver fibrosis

Key eligibility criteria e Aged 28 years
e Definite or probable PBC diagnosis, as demonstrated by the
presence of 22 of the following diagnostic factors:

o History of elevated ALP levels for at least 6 months prior to
Day 0

o Positive anti-mitochondrial antibody titer or if negative or in
low titer (<1:80) PBC-specific antibodies

o Liver biopsy consistent with PBC
¢ Mean total bilirubin >ULN and <3x ULN or an ALP >5x ULN

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CK-18, cytokeratin-18; CRP, C-reactive protein; ELF, enhance liver fibrosis; FGF-19, fibroblast growth factor-
19; GGT, gamma-glutamyl transferase; IgM, immunoglobulin M; MELD, Model for End-Stage Liver Disease;
OCA, obeticholic acid; OD, once daily; PBC, primary biliary cholangitis/cirrhosis; TNF-a, tumour necrosis
factor-a; UDCA, ursodeoxycholic acid; ULN, upper limit of normal.

TMELD is a scoring system for assessing the severity of chronic liver disease, where the higher the score,
the more severe the disease. $Note that primary biliary cirrhosis has recently undergone a name change to
primary biliary cholangitis. At the time of the design of the protocol of this study, the official name was
primary biliary cirrhosis and, as such, this is reflected in this table.

In addition, a Phase 2 study is ongoing, which is summarised in Table 40.
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Table 40: Details of the on

going trial 747-205

Title

Phase 2 study on effects of OCA on lipoprotein metabolism in
subjects with PBC

Trial numbers

747-205, NCT01865812

Trial design Phase 2, open-label, single-arm, multi-centre study
Location 6 sites in the US

Estimated enrolment 25

Duration 8 weeks

Interventions OCA 10 mg OD

Primary outcome
measures

e Change from baseline in HDL metabolism, assessed by
measuring HDL cholesterol concentration, HDL particle size and
number

Secondary outcome
measures

¢ Change from baseline in lipoprotein metabolism, assessed by
measuring:

o Concentrations of total cholesterol and triglycerides

o LDL and VLDL cholesterol concentrations, particle size and
number

o Concentrations of ApoA, ApoB, ApoE and LP(a)

e Change from baseline in reverse cholesterol transport,
assessed by measuring:

o HDL capacity to accept cholesterol measured by LCAT and
CETP activity

o Pre-B1 HDL concentration
o Macrophage cholesterol efflux
e Pharmacokinetic parameters of OCA and OCA conjugates

Other outcome
measures

e Fasting levels of OCA and conjugates

e Change from baseline in FGF-19

e Change from baseline in lipoprotein X

e Markers of inflammation including CRP, GlycA and GlycB

Key eligibility criteria

e Aged 28 years

e Definite or probable PBC diagnosis as demonstrated by the
presence of =2 of the following diagnostic factors:
o History of elevated ALP levels for at least 6 months

o A positive anti-mitochondrial antibody titer or if negative or
in low titer (<1:80) PBC antibodies

o Liver biopsy consistent with PBC

Abbreviations: ALP, alkaline phosphatase; Apo, apolipoprotein; CETP, cholesterol ester transfer protein;
CRP, C-reactive protein; FGF-19, fibroblast growth factor-19; HDL, high density lipoprotein; LCAT, lecithin-
cholesterol acyltransferase; LDL, low density lipoprotein; LP, lipoprotein; OCA, obeticholic acid; OD, once
daily; PBC, primary biliary cholangitis/cirrhosis; VLDL, very low density lipoprotein.
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5 Cost effectiveness

Summary

e The model presented for OCA is a decision-analytic model that reports cost-effectiveness in
terms of incremental cost per QALY.

o The model evaluates the economic consequences of OCA 5-10 mg (titrated dose) alone (in
the case of UDCA intolerant PBC patients) and adding OCA 5-10 mg OD to 15.4 mg/kg
UDCA (in the case of UDCA inadequate responders). In other words, the model examines the
cost-effectiveness of OCA titration versus placebo in UDCA intolerant patients, and OCA +
UDCA titration versus UDCA monotherapy in UDCA tolerant patients.

e The results presented in this submission use the list price of OCA. However, OCA will be
offered with a PAS, which will reduce the price. Results of economic analyses using the PAS
price are presented in the accompanying PAS template, as requested by NICE, and are more
reflective of the true cost-effectiveness of OCA.

e The base case results using the list price of OCA gave an ICER of il " UDCA-
intolerant patients, and an ICER of il 16 in patients with an inadequate response to
UDCA.

o Patients treated with OCA were found to have an 84% lower chance of undergoing liver
transplant compared with patients treated with UDCA, which approaches the risk observed in
the general population.

5.1 Published cost-effectiveness studies
51.1 Identification of studies

5.1.1.1 Overview and review question
A systematic review was conducted to identify all relevant PBC studies relating to cost
effectiveness. The specific review question was:

¢ “What modelling techniques have been used previously to conduct economic
evaluations for the treatment of PBC?”

5.1.1.2 Search methodology

Studies of interest were identified by simultaneously searching the electronic databases
shown in Table 41 with no restrictions on date or language of publication. Searches were
conducted in September 2014 using the following interfaces:

e EMBASE (which also covers Medline® and Medline® In-Process)

e The Cochrane Library (which covers the Cochrane Database of Systematic
Reviews, Database of Abstracts of Reviews of Effects, Health Technology
Assessment, NHS Economic Evaluation Database)

e EBSCO host (which covers EconLit, Health Economic Evaluations Database)
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Table 41: Databases searched and interfaces used in the cost effectiveness systematic
review

Database Interface
Embase 1966 to 2014 Embase
Medline 1966 to 2014 Embase
Medline® In-Process 1966 to 2014 Embase
Cochrane Database of Systematic Reviews 1996 to 2014 The Cochrane Library
Database of Abstracts of Reviews of Effects 1994 to 2014 The Cochrane Library
Health Technology Assessment 1989 to 2014 The Cochrane Library
NHS Economic Evaluation Database 1968 to 2014 The Cochrane Library
EconLIT with Full Text 1961 to 2014 EBSCO host
Health Economic Evaluations Database 1990 to 2014 EBSCO host

Appendix 6 shows the complete search strategies used. The searches included terms for
free text and keywords (Medical Subject Heading [MeSH] and Emtree terms) through the
use of Boolean combination techniques. Searches were not restricted by study
intervention or comparator to ensure all studies in this population were identified. The
Cochrane Library and EBSCO host interfaces were searched using terms for the
population only to broaden the results.

A grey literature search was performed to include additional studies that had not been
identified by the search strategy. References included for the review had to meet the pre-
specified inclusion/exclusion criteria shown as a PICOS table in Appendix 6.

The search identified 184 titles/abstracts. After screening, 167 references were
excluded, leaving 17 references for full-text evaluation. Two further studies were
identified from the review of grey literature. Following full-text evaluation, four references
met the inclusion criteria. All of these four studies were deemed relevant to the review
and to be used for data extraction. The PRISMA diagram for the systematic review is
shown in Figure 23.
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Figure 23: PRISMA diagram illustrating the flow of the cost and healthcare resource use

systematic

review
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Description of identified studies

Exclusion codes:
A — Study design/outcome;
B — Population

Hand searching, n=0

i3, n=4

5.1.2.1 Overview of all included studies

Update conducted June 2016,
n=0

The four relevant cost-utility analyses are summarised in Table 46. When comparing the
four identified economic evaluations, the following salient points are noted:

¢ None of the analyses are economic evaluations of OCA.

¢ Allidentified economic evaluations incorporated liver transplant and death as key
outcomes, with Boberg et al (79) and Ratcliffe et al (139) also allowing the
possibility of re-transplantation in their patient pathway.

¢ In contrast to the other included papers, Boberg et al (79) was the only analysis
identified to capture long-term outcomes. In addition to differences in liver
transplant and death, their analysis also incorporated long-term changes in
complications associated with PBC, e.g. ascites. The remaining papers focused
on short-term horizons ranging from 27 months to 12 years, typically investigating
outcomes associated with treatment strategies administered around the time
when transplant may be required.

Company evidence submission template for obeticholic acid [ID785]

123



e Of the four economic evaluations included for review, three of these (Ratcliffe et
al, Longworth et al, and Boberg et al) applied modelling techniques. The
remaining article estimated costs and outcomes based on observed data. The
three modelling studies applied varied techniques. The value of the complex
discrete event simulation applied by Ratcliffe et al (139) is unclear, as the
analysis for patients who did not receive transplants incorporated outcomes for
patients who may not be eligible for transplantation. The approach taken by
Longworth et al (140) estimated outcomes in the active treatment arm using
observed data, with the comparator arm modelled using relative effect data.
Boberg et al (79) simulated outcomes in the non-UDCA arm in a similar fashion;
however, they simulated outcomes beyond those observed in data. This
extrapolation beyond observed outcomes was conducted through the application
of parametric survival analysis; however, details of curve fit and justification
behind the selection of the Weibull curve are not reported.

e Only one of the identified papers reported QALYs (Longworth et al), with all other
papers expressing effectiveness in real units. QoL analyses reported by
Longworth et al (140) aligned with the NICE reference case for derivation of utility
estimates.

e Studies typically undertook detailed costing analyses; however, the extent of
reporting varied between studies. The costs included in analyses appear to be
limited to direct costs. Reporting by Pasha et al (78) indicates that societal costs
may have been included; however, their incorporation is unclear.

e Whilst analyses differ in their methods, those that compared UDCA or liver
transplant to placebo each found the active therapy to dominate placebo, i.e.
reducing costs and improving health outcomes.

5.1.2.2 Individual study summaries
BOBERG ET AL 2013 (Norway)

Reason for inclusion

Boberg et al (79) conducted a cost-consequence analysis in the treatment of PBC,
comparing UDCA to a control strategy in which UDCA was not administered. Whilst the
study was a cost-consequence analysis, the authors also presented results using a cost-
effectiveness approach (incremental cost per life year gained); accordingly, this study
was included for review.

Model overview

The authors simulated outcomes using a semi-Markov model, with patients transitioning
between three health states:

e Alive (starting state)
¢ Alive after transplant

e Dead

Company evidence submission template for obeticholic acid [ID785] 124



UDCA was applied as the baseline treatment in the analysis. The probability of
transitioning between the three health states whilst receiving UDCA were derived from
registry data. Long-term survival data (up to 11.5 years) for PBC subjects treated with
UDCA were available from a Norwegian registry. Weibull distributions were fitted to
these data to estimate the following transitions:

o ‘Alive’ to ‘Alive after transplant’ — Patients who died prior to transplant were
censored from this analysis

e ‘Alive’ to ‘Dead’ — patients who received transplant prior to death were censored
from this analysis

The probability of transitioning to death from the post-transplantation state was taken
from the Nordic Liver Transplant Registry, which estimated the relative risk of death
following liver transplant compared with the general population. This relative risk was
applied to baseline mortality rates observed in the general population to estimate the
higher risk of death following liver transplant in this population. The probability of further
surgery was derived from registry data; it is unclear from the report how further surgery
was applied in the model.

The relative effect of not receiving UDCA was estimated from placebo data from a single
trial (78). The separate hazard ratios for both transplant and death from the initial health
state were estimated and applied to the baseline risk of progression to simulate
outcomes in this patient group. The following hazard ratios were applied in the model:

e Mortality — Hazard ratio of 1.54 for control relative to UDCA
e Transplantation — Hazard ratio of 2.03 for control relative UDCA

Whilst these hazard ratios have been reported, the maturity of the data on which these
estimates are based is not reported, nor are the associated significance levels.

In both arms, patients were at risk of experiencing major adverse events, which
contributed to the cost profile of the simulated patients. Similar rates of adverse events
were applied for both UDCA treatment and the non-UDCA PBC control strategy.

Costs were derived for each model health state and adverse event. Costs comprised
regular physician visits, cost of major events, and treatment costs. No societal costs
were considered. All costs were reported in 2005 Euros. A discount rate of 4% was used
for both future costs and life-years.

Primary outcomes of the analysis were survival rates and adverse events, including
variceal bleeding, ascites, encephalopathy, and liver transplantation.

It was not specified whether patients had previously been on treatment for PBC.
Baseline characteristics of patients in the model were reported as shown in Table 42.
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Table 42: Characteristics of PBC patients at start of UDCA- or non-UDCA treatment

Variable UDCA UDCA Placebo Placebo
Norwegian Canadian Canadian | patients from

patients patients patients® Mayo study?
(n=182) (n=111) (n=111) (n=91)

Gender; females, n (%) 163 (90) 101 (91) 105 (95) 79 (87)

Age; years, mean (SD) 56.3 (8.9) 57.3 55.4 52.0 (9)

Body weight; kg, mean (SD) 66.3 (11.9)

Dose UDCA,; mg/kg/day, 20.2 (17-23) 0 0

median (range)

Symptoms before start, n (%)

Pruritus, n (%) 91 (50) 87 (78) 79 (71)

Fatigue, n (%) 99 (54) 87 (78) 83 (75)

Jaundice, n (%) 12 (7)

Ascites (clinical finding), n 3(2) 2(1.8) 4 (3.6)

(%)

Pruritus + fatigue, n (%) 65 (36)

Encephalopathy, n (%) 3(2)

Asymptomatic, n (%) 56 (31) 13 (12) 14 (13)

AMA titre, median (range)* 1024 (0-2048) 79 (71)

Bilirubin, mean (SD) (3—26 19.4 (18.3) 40 (64) 31 (39) 31 (39)

pmol/L)

ALP, mean (SD) (70-230 980 (636) 588 (418) 549 (339) 1,252 (712)

U/L)

ALT, mean (SD) (10-50 U/L) 110 (70) 110 (63) 109 (62)

Albumin, mean (SD) (3545 40.0 (3.6) 33 (4.0)

g/L)

INR, mean (SD) (0.8-1.2) 1.2 (0.2)

IgM, mean (SD) (0.4-2.1 g/L) 5.23 (3.72) 5.9 (4.5) 5.9 (3.5)

Hepatomegaly, n (%) 54 (30)

Splenomegaly, n (%) 14 (8)

Mayo risk score at inclusion”, 4.38 (0.88) 4.6 (1.3) 4.4 (1.2) 5.1(1.1)

mean (SD)

Abbreviations: ALT, amino transaminase; AMA,anti-mitochondrial antibody; INR, international normalised
ratio; IgM, immunoglobulin M; SD, standard deviation; UDCA, ursodeoxycholic acid.5Data obtained from
Pasha et al (78). TData obtained from Lindor et al and Pasha et al (34, 78). *Titer available in 150 patients.

Based on 173 patients with complete set of variables in the Mayo risk score at inclusion.

Results

UDCA was found to dominate the control treatment. Life years gained were estimated to
be superior (11.97 years vs. 10.78 years) in the UDCA arm, whilst costs were estimated
to be lower in the UDCA arm (€151,403 vs. €157,741). Results by clinical outcome are

reported below in Table 43.
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Table 43: Incidence (per 100 person-years) of major events over time among Norwegian

PBC patients (n = 182) treated with UDCA during the first 5 years.

Total number of events First Second Third Fourth Fifth
year year year year year
Variceal bleeding (n=16) 1.72 1.20 3.13* 1.94 1.82*
Ascites (de novo) (n=9) 1.15 1.20 1.88 0 1.21
Encephalopathy (de novo) (n=4) 0.57 0.60 0.63 0.65 0
Liver transplantation (n=3) 0.57 0 0.63 0 0.61
Death (n=16) 1.10 1.81 1.88 1.30 3.64

*Including one death.

LONGWORTH ET AL 2003 (UK)

Reason for inclusion

Longworth et al (140) conducted an economic evaluation investigating the mid-term

(27 months) cost-utility of liver transplantation programs in England and Wales. The cost-
effectiveness of the liver transplant program in PBC was reported in isolation to other
conditions included in the analysis and was included on this basis (i.e. separate reporting

of data and results for PBC patients).

Analysis overview

The analysis estimated outcomes for two groups:

e Patients that underwent liver transplant for PBC

e Patients that did not undergo liver transplant for PBC

The same cohort of patients entered into each arm of the analysis (i.e. there were no
differences in baseline patient characteristics in each arm). Outcomes for patients

undergoing liver transplantation were estimated from observed data collected across six
UK liver transplant centres. Both survival and quality of life data for these patients were
collected over a maximum of a 27-month period. Since this aligned with the chosen time

horizon of the analysis, no modelling was required in this arm. The study reported
demographics for patients who were assessed for, or underwent, liver transplantation

(see Table 44).

Table 44: Demographic details of patients assessed for liver transplantation and patients

who underwent transplantation

PBC ALD PSC
Patients assessed for transplantation N =122 N = 155 N=70
Men, n (%) 14 (11.4) | 114 (73.6) | 48 (68.6)
Age, median 57 51 50
Age, IQR 51-62 46-57 38-56
Listed for a liver transplant, n (%) 94 (77.0) | 100 (64.5) | 53 (75.7)
Patients who underwent a liver transplantation N =281 N =82 N =45
Patients who underwent a liver transplantation, men, n 8(9.9) 67 (81.7) | 31(68.9)
(%)
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PBC ALD PSC
Patients who underwent a liver transplantation, age, 56 50 49
median
Patients who underwent a liver transplantation, age, IQR 51-62 45-57 38-56
Emergency cases, n (%) 1(1.2) 0 0
Retransplantation, n (%) 9(11.1) 6 (7.3) 7 (15.6)
Survival to 2 years posttransplantation, n (%) 69 (85.2) | 67 (81.7) | 36(80.0)
Bilirubin (umol / L), median 97 47 116
Bilirubin (umol / L), IQR 42-176 25-94 46-265
MELD score, N* 74 66 41
MELD score, median 8 10 10
MELD score, IQR 5-13 6-15 6-16

Abbreviations: ALD, alcoholic liver disease; MELD, model of end stage liver disease; PBC, primary biliary
cholangitis/cirrhosis; PSC, primary sclerosing cholangitis; IQR, inter-quartile range, *MELD scores were not

available for all patients.

Outcomes for patients not undergoing liver transplant were estimated from published
prognostic models. Baseline data for patients that underwent liver transplant were
entered into the prognostic model, to estimate the survival probability of these patients

had they not undergone surgery.

Utility estimates for patients with PBC were taken from patients enrolled in the
observational study using the EuroQol 5 Dimension questionnaire. Estimates were
reported from point of listing on the transplant list through to 24 months post-
transplantation. HRQoL was captured directly for all patients that underwent
transplantation. In the scenario in which transplant was not administered, patient utility
was set equal to the last pre-surgery utility value captured in the observed dataset.

Costs for patients undergoing liver transplant were collected prospectively in the
observational dataset, these were valued using the mean unit cost for each resource
observed over the six centres. Costs in the no transplant arm were estimated on the
assumption that the final pre-transplant cost remained constant over the remainder of the
analysis. The cost year was not specified.

Results

Transplantation was found to increase costs relative to no transplantation (£52,525 vs
£37,301). This increase in costs was associated with an increase in QALYs equal to
0.54. This resulted in an incremental cost-effectiveness ratio (ICER) of £29,000 per
QALY gained. This result was found to be robust under PSA, with the authors noting that
cost-effectiveness would likely improve should the time horizon be extended.

PASHA ET AL 1999 (US)

Reason for inclusion

Pasha et al (78) conducted an economic evaluation comparing UDCA to a scenario in
which UDCA was not administered. All PICOS criteria specified in this review were met
and the analysis was included on this basis.
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Analysis overview

The costs and health outcomes of the two scenarios were estimated over a period of four
years. All outcomes were based on results observed in two clinical trials comparing
UDCA to placebo, and no extrapolation of the outcomes was conducted. The economic
analysis combined results from these two studies to estimate the following outcomes:

e Survival
e Adverse events (ascites, varices, variceal bleed, encephalopathy)
e Liver transplantation

Survival was estimated as the area under the curve from observed Kaplan-Meier data.
Incidence of adverse events was estimated as the total number of events in each arm
divided by the total years of follow-up.

Patient characteristics are presented below in Table 45.

Table 45: Patient characteristics in Mayo and Canadian UDCA-PBC trials

Mayo study Canadian study

UDCA Placebo UDCA Placebo
N 89 91 111 111
Age (yr) 54+9 52+9 57.3 55.4
Gender (F/M) 81/8 79/12 101/10 105/6
Histological stage
land?2 31 26 50 47
3and 4 58 65 57 60
Mayo risk score 52+1.1 52+1.1 46+1.3 44+1.2

Abbreviations: PBC, primary biliary cholangitis/cirrhosis; UDCA, ursodeoxycholic acid.

Only direct costs were incorporated in the analysis. Whilst a societal perspective was
adopted, it is unclear from the reporting of the study which estimates were included as
those incurred by the payer and those incurred by broader society. The costs utilised
were 1995 wholesale prices.

Results

Treatment with UDCA was found to dominate placebo, as it increased survival and
reduced the incidence of all major events (liver transplant and adverse events). A total
increase in survival equal to 0.18 years was estimated in the UDCA arm relative to the
placebo arm, with costs reducing from $7,993 in the control arm to $6,621 in the
scenario in which UDCA was used.

RATCLIFFE ET AL 2001 (UK)

Reason for inclusion

The analysis presented by Ratcliffe et al (139) evaluates the cost-effectiveness
strategies for the prioritisation of liver transplants in the UK. Two possible causes for liver
transplantation are included in the analysis: PBC and alcoholic liver disease (ALD). The
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analysis evaluates a scenario in which PBC patients are prioritised for liver transplant.
The results of the analysis evaluating this priority setting were deemed relevant to the
current review and were included.

Analysis overview

Ratcliffe et al developed a discrete event simulation to evaluate the cost-effectiveness of
various transplant prioritisation scenarios. A single patient is evaluated at a time (i.e. a
patient-level simulation approach was applied), with a total of 1,000 patients per
simulation.

Patients entered the analysis and were assessed for suitability for transplantation. If they
were accepted for transplant, the patient entered onto the waiting list for liver transplant.
Whilst on this waiting list patients were at risk of death and complications. If patients
survived to receive a liver transplant, they entered into a post-transplant state where they
were retained unless requiring further transplantation. Those who were not listed for
transplant entered into a separate model that simulated the care pathway for
management of their ongoing liver disease. The analysis simulated outcomes over a 10-
year time horizon. Costs used were in 1999 GBP. Patient characteristics and
demographics were not reported.

Results

Incremental results were presented for two groups:
e Those who underwent transplant
e Those who did not receive any transplant

Since the analysis of those that did not receive transplant incorporated outcomes for
those that may not be eligible for transplantation, there may be differences between the
populations for which outcomes are compared. The impact this had on outcomes is
unclear.

Regardless, the authors concluded that the prioritisation of PBC patients for liver
transplant results in patients gaining an additional 4.01 life years, whilst those that did
not receive liver transplant experienced 1.03 life years. Costs were equal to £59,610 in
the transplant arm and £24,358 in the non-transplant arm. This resulted in an ICER of
£11,830.
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Table 46: Summary list of published cost-effectiveness evaluations

Study, Year, | Summary of model Intervention/ Patient Time QALYs Costs ICER (per
Country comparator population horizon (intervention, | (currency) QALY gained)
(average age in comparator) (intervention,
years) comparator)
Boberg et al | Markov model comprising the UDCA versus PBC population 44 years Expressed as UDCA - UDCA found to
2013 (79), following health states: placebo with an average (to 100 life years €151,403 dominate a
Norway o Alive (starting state) age of 56 years of gained: Untreated - strategy of no
age - treatment.
o Alive after transplant ge) UDCA-11.97 | €157,741 .
years; This result was
* Dead Untreated found to be
These health states were used to population - robust when
S|mulat¢ dlsegse progression 10.78 years underta.llfln.g
from point of initiating therapy to probabilistic
death. sensitivity
Within each health state patients analysis, with
were at risk of ascites, variceal 82% of
bleeding, and encephalopathy. iterations
Survival analysis was conducted Basuclzng n
to estimate mortality and liver dominating a
transplant probability over time in strate 0? no
the UDCA arm. Patients that UDCAgy
underwent liver transplant were '
censored from mortality
estimates.
Treatment effect attributable to a
scenario in which patients did not
receive UDCA was incorporated
through application of hazard
ratios.
Longworth et | Two interventions — transplant Liver The cohort of 122 | 27 months | Underwent Underwent Transplant was
al 2003 administered versus no transplantation | PBC patients transplant — transplant — associated with
(140), UK transplant. versus no liver | consisted of 1.30 QALYs £52,525 an ICER equal
Outcomes in the transplant group | transplantation | patients who No transplant — | No transplant - | 0 £28,716/
presented for a QALY
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Study, Year, | Summary of model Intervention/ Patient Time QALYs Costs ICER (per
Country comparator population horizon (intervention, | (currency) QALY gained)
(average age in comparator) (intervention,
years) comparator)
were estimated from observed liver transplant in 0.76 QALYs £37,301 compared to no
data. Transplant outcomes data the UK between transplant.
were taken from a planned data December 1995 Approximately
capture over a 27-month period, and December 60% of
i.e. no modelling was conducted 1996. iterations are
for this arm. This included the The PBC group found to result
capture of disease outcomes, median age was in ICERs of
quality of life (QoL) outcomes, 57, with patients £30,000 or less
and cost outcomes. undergoing liver when
The baseline characteristics of transplant having a considering
the transplant patients were median age of 56 results of
assumed for the non-transplanted probabilistic
population. These baseline sensitivity
characteristics were applied in a analysis.
published prognostic model,
which estimated outcomes for
patients in the absence of
transplantation. Patients in this
group were assumed to have a
constant level of utility.
Pashaetal | A within-trial analysis was UDCA versus Patients had an 4 years. Outcomes Annual costof | ypcA was
1999 (78), conducted, i.e. no extrapolation placebo average age of 55, were treatment found to
USA beyond study outcomes was and 91% of expressed as including cost dominate
undertaken in either study arm. subjects were the incidence of adverse placebo.
Two trials evaluating UDCA vs female of adverse events:
placebo informed the model events,
outcomes. The results of these survival free of UDCA - $6.621
trials were combined, resulting in liver _ '
a total of 200 patients in the transplantation, aceb
UDCA arm and 202 patients in and average Placebo -
the placebo arm. life years in $7,993
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Study, Year, | Summary of model Intervention/ Patient Time QALYs Costs ICER (per
Country comparator population horizon (intervention, | (currency) QALY gained)
(average age in comparator) (intervention,
years) comparator)
Major outcomes in each of the each arm.
UDCA and placebo arms were No absolute
e Death life years in
e Liver transplantation each arm were
. reported.
e Ascites
e Development of varices
o Development of variceal
bleeding
e Encephalopathy
Ratcliffe et al | A discrete event simulation was Prioritisation of | Age was not 10 years. Outcomes Costs in the Prioritisation of
2001 (139), built to simulate patient outcomes | transplant stated by the were PBC patients in the
UK with end-stage liver disease, versus no authors. expressed in prioritisation PBC group led
caused by either ALD or PBC prioritisation of | 469 of the cohort terms of life scenario were | to an ICER of
(the analysis was conducted ina | transplant had PBC. years. equal to £11,830.
mixed pool of ALD/PBC; Prioritising £59 610 for
however, costs under a scenario transplant in '
in which PBC patients were the PBC group thosg that
prioritised was reported). led to 4.01 life | received
Patients entered the model and years ga!ned. transplant and
underwent assessment for liver Under this £24,358 for
transplant. sce_narlo,h those that did
If a patient was selected for (p;aluents that not.
id not receive
transplant they entered onto the
L .- . transplant
waiting list. Providing the patient .
. i ) survived for
survived the waiting period they
. 1.03 years.
underwent surgery. Following
surgery, patients were tracked
until death unless requiring re-
transplantation, at which point
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Study, Year,
Country

Summary of model

Intervention/
comparator

Patient
population
(average age in
years)

Time
horizon

QALYs
(intervention,
comparator)

Costs
(currency)
(intervention,
comparator)

ICER (per
QALY gained)

they were re-assessed for
suitability and entered into the
same transplant pathway.

Patients deemed unsuitable for
transplant entered into a separate
patient pathway capturing
outcomes from the management
of their underlying liver disease.

Abbreviations: ALD, alcoholic liver disease; ICER, incremental cost-effectiveness ratio; PBC, primary biliary cholangitis/cirrhosis; QALY(s), quality-adjusted life year(s); QoL,
quality of life; UDCA, ursodeoxycholic acid.
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51.3 Quality assessment of identified studies
Quality assessments for all included studies are provided in Appendix 7.

514 Update of systematic review

The systematic review was updated by a supplementary review, which was conducted in
March 2016. Full details of the search strategy and inclusion/exclusion criteria are
provided in Appendix 6.

5.1.4.1 Results of updated systematic review

After screening, one publication was included. The publication in question was a poster
of a systematic review of cost-effectiveness of current therapies in PBC, which identified
two previous studies on the cost-effectiveness of UDCA(141). The authors concluded
that a PBC model informed by recent advances in disease understanding is required to
accurately estimate the economic burden of PBC.

5.2 De novo analysis

5.2.1 Patient population

The population considered for this economic model is patients with PBC who have failed
to show adequate control with UDCA, including both UDCA-intolerant patients and
patients who have previously had an inadequate response to UDCA. This reflects the
population specified in the NICE scope and the anticipated marketing authorisation. The
two main patient subgroups from POISE are considered:

e UDCA-intolerant patients

¢ UDCA inadequate responders

5.2.2 Model structure

A Markov state-transition model was developed to describe the progression of PBC over
a lifetime horizon. The model comprises 10 health states with a three-month cycle
length. Figure 24 shows a diagram of the model structure. The model captures two
components of the natural history of PBC: the liver disease component showing the
progression of PBC based on ALP and bilirubin biomarkers; and the clinical endpoint
component once patients start progressing to decompensated cirrhosis, hepatocellular
carcinoma (HCC), or are added on the liver transplantation waiting list.

A Markov structure was used as it is consistent with other approaches for liver disease
modelling, for example, for hepatitis C (142). The main events and changes in the health
of a PBC patient, NHS costs, and the risk of other clinical events (e.g. progression to
decompensated cirrhosis) are captured by the Markov health states that have been
selected.

The model includes three PBC health states contingent on their level of ALP and bilirubin
at baseline as defined below:
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e Low risk of PBC disease progression: ALP level < threshold of 200 units / L (i.e.
1.67 x ULN) and normal bilirubin (i.e. total bilirubin [TB] < 20 pumol / L)

e Progressive PBC: ALP > threshold and normal bilirubin

e Progressive PBC leading to liver failure: Abnormal bilirubin (TB > 20 pmol / L and
rising, or compensated cirrhosis)

The three health states were classified as “low risk” (ALP < threshold and normal
bilirubin), “progressive PBC” (ALP > threshold and normal bilirubin) and “Progressive
PBC leading to liver failure” (abnormal bilirubin and rising; includes patients with
compensated cirrhosis) to reflect the degree of risk of progression for patients in each
category. Patients in the first health state have stable ALP and bilirubin and a low risk of
progression (15, 34). In the “progressive PBC” state, patients are at moderate risk of
developing complications. Finally, the “progressive PBC leading to liver failure” health
state combines both compensated cirrhotic patients and those with abnormal bilirubin.
The increased risk of progression of patients with abnormal bilirubin has been
documented in the literature. In a recent poster by Harms et al, it was shown that
patients would either undergo liver transplant or die from liver-related causes within 19
months once total bilirubin reached 1.6 x ULN (141). From that point onward, the level of
total bilirubin was shown to rise exponentially. On the other hand, the histological status
of PBC patients is rarely documented in clinical practice, since monitoring is based on
biochemical values, and liver biopsy is only considered in specific cases (e.g. disease
staging, enrolment in randomised clinical trials, or differential diagnosis) (34, 44, 143).

Given the lack of data on histological progression among PBC patients, patients with
abnormal bilirubin and those with compensated cirrhosis were combined into one health
state. This was to reflect the risk for PBC patients of developing compensated cirrhosis
prior to decompensated cirrhosis, whilst also reflecting the risk of progression to
hepatocellular carcinoma or to be added to the liver transplant waiting list based on their
bilirubin level. Only patients in the moderate and high risk categories are deemed eligible
to receive OCA, as these patients have had PBC for approximately 9 years with ALP =
200 units / L despite treatment with UDCA, and have a moderate to high risk of
progressing to more severe states of PBC.

In the OCA arm, patients can move through the different health states based on the
biochemistry data available from POISE, while in the UDCA arm, patients inadequately
controlled with UDCA can only progress from their initial pre-severe PBC health state to
the severe PBC health state, as they have no effective treatment option to slow or
prevent progression of PBC. Patients in the “high risk PBC” health state can progress to
liver transplant, decompensated cirrhosis, or HCC, with their associated costs and
health-related quality of life (HRQoL). It was assumed that patients in that health state
would be in a worse condition than patients with compensated cirrhosis alone. In the
decompensated health states, patients can either stay in that state, move to HCC, or
progress to liver transplantation. Patients with HCC can either remain in that state,
progress to liver transplantation, or die. Following liver transplantation, patients face a
probability of dying or moving to the post-transplantation phase. The possibility of PBC
recurring after transplant is included in the model, and after re-emergence, patients are
at risk of needing a second liver transplantation.
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Although not represented on the transition diagram, age- and gender-specific general
population mortality rates are applied to each health state in the model. The risk of death
is, however, highest in the last and most severe states (i.e. decompensated cirrhosis,
HCC, pre-liver transplantation, liver transplant and post-liver transplantation). The excess
mortality associated with these health states is depicted by the black coloured arrows in
Figure 24. Excess mortality represents the disease-specific mortality associated with
having decompensated cirrhosis, liver transplant or hepatocellular carcinoma. Dashed
arrows represent health state transitions that can be investigated in sensitivity analysis.

A cohort of 1,000 patients entered the model to simulate the costs and outcomes
associated with each of the treatment strategies that are considered. The option to apply
a half-cycle correction is included, and is enabled by default.
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Figure 24: Overview of model structure
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Patients can die in each health state. The grey health state ‘excess mortality’
represents the disease-specific mortality associated with having decompensated
cirrhosis, liver transplant or hepatoceliular carcinoma.

TB, total bilirubin.

Abbreviations: ALP, alkaline phosphatase; CC, compensated cirrhosis; HCC, hepatocellular carcinoma; PBC, primary biliary cholangitis/cirrhosis; TB, total bilirubin.
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5.2.2.1 Key features of the de novo analysis
Table 47: Features of the de novo analysis

Factor Chosen values Justification

Time horizon Lifetime horizon, i.e. 50 Consistent with the NICE reference case,
years or a maximum age | which requires costs and effects to be
of 100 years measured over a sufficient time horizon to

fully capture the relative costs and benefits.

The average age of PBC patients included in
the POISE trial is 56.2 years. A lifetime
horizon (100 years old) was considered to be
able to fully estimate the long-term impacts
on costs and outcomes.

Were health effects Health effects were As per the NICE reference case.

measured in QALYs; | measured in QALYs Life years, as well as the number of high-risk

if not, what was PBC, decompensated cirrhosis, HCC, liver

used? transplants and deaths avoided, were also
estimated.

Discount of 3.5% for Selected by default As per the NICE reference case.

utilities and costs

Perspective (Payer — | Selected by default As per the NICE reference case.

NHS)

Abbreviations: NHS, National Health Service; PBC, primary biliary cholangitis/cirrhosis; QALYs, quality-
adjusted life years.

523 Intervention technology and comparators

5.2.3.1 Intervention and comparators

The interventions considered in this submission depend on the population selected.
For UDCA-intolerant patients the following interventions are considered:

e OCA dose titration (as defined for the titration group in POISE)
e Placebo

For UDCA inadequate responders, the following interventions are considered:
e OCA dose titration (as defined for the titration group in POISE; 5 mg for the first six

months of treatment, followed by 10 mg for the subsequent months) + UDCA
¢ UDCA monotherapy with placebo.

All UDCA doses are implemented in the model according to its UK marketing
authorisation, which are also the same as those used in the POISE trial.

5.3 Clinical parameters and variables

5.3.1 How are clinical data incorporated into the model?

The POISE study (detailed in Sections 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 and 4.12) is the
principal source of evidence for the economic model, informing key clinical events and
outcomes, including transitions to disease states, HRQoL, discontinuation, and adverse
events.
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The use of surrogate markers such as ALP and bilirubin levels is necessary to predict
long-term clinical outcomes in patients with PBC (15, 34, 137, 141, 144). Biochemical
response criteria are useful and generally accepted management tools used for
stratification purposes and identifying patients in need of additional treatment; the FDA
have accepted the validity of the use of ALP and bilirubin levels as surrogate markers for
disease severity and progression (145). The COBALT phase Il study on outcomes in
PBC treated with OCA also included ALP and bilirubin levels as secondary outcomes.
Numerous definitions of optimal biochemical response have been proposed in the
literature (see Table 48). Although many of the response criteria are based on an
assessment at 1 year or even 2 years of initial therapy, a recent study showed that
assessment as early as 6 months can be used to identify high risk patients with poor
prognosis and who are therefore in need of additional therapy (146).

Table 48: Biochemical criteria of optimal response to UDCA in PBC

Criteria Evaluation Biochemical Responder survival
Time response

Mayo (125) 6 months ALP <2x ULN Not reported

Barcelona (16) 1 year ALP <1x ULN or No significant difference between UDCA
decrease in ALP responders and the standardised general

>40% population (p=0.15)

Paris | (11) 1 year ALP <3x ULN or No significant difference between UDCA
AST <2x ULN or responders and the standardised general
bilirubin <1 mg/dL population (p=0.8)

Paris 1l (12) 1 year ALP =1.5x ULN or In early PBC, defined either histologically
AST <1.5x ULN or | or biochemically, survival without adverse
bilirubin <1 mg/dL event’ was significantly longer in

responders compared with non-
responders (p<0.001 and <0.05
respectively).

Patients with histologically defined early
disease who respond to treatment with
UDCA experienced no progression of their
disease over an average of 7 years.

Rotterdam (13) 1 year Normal bilirubin Survival is significantly longer in UDCA

(values <ULN) responders vs non responders.
and/or normal
albumin (values
=2LLN
Toronto Il (15, 2 years ALP £1.67x ULN Not reported. Those who did not respond
18) at 2 years had a five-fold greater risk of
histological progression compared with
responders (0.03).

Ehime (147, 6 months 270% decrease of Transplant-free survival was significantly

148) GGT longer in UDCA responders compared

with non-responders (p=0.01).

Mayo Il (17) 1 year ALP <£1.67 and Not reported

bilirubin £1mg/dL

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl

transferase; LLN, lower limit of normal; PBC, primary biliary cholangitis/cirrhosis; UDCA, ursodeoxycholic
acid; ULN, upper limit of normal.
TAdverse event defined as liver-related death, liver transplantation or referral to transplant unit, complication

of cirrhosis, or histological evidence of cirrhosis development.
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5.3.1.1 Overview of analyses
Patient-level data analyses of POISE were used to inform:

e Baseline characteristics

e Base distribution of patients according to ALP or bilirubin state
e Adverse event rates

e Transition probabilities (for biochemistry states)

These analyses were performed and reported in accordance with NICE Decision Support
Unit (DSU) methodologies where relevant (149) which are reported in the relevant
sections in this submission. All analyses were based on the ITT population of POISE
(216 patients).

5.3.1.2 Mortality

The base case analysis models all-cause mortality data from POISE (no deaths were
reported in the POISE trial).

53.2 Transition probabilities

5.3.2.1 Biochemistry transition matrices (OCA)

Patient-level data from POISE was used to follow the progression of patients across the
biochemical health states, i.e. either based on an ALP threshold of 200 units / L, and
Table 49 presents the biochemistry data used to populate the transition matrices over
the first year for the two OCA-based regimens. Given the low number of patients who
received monotherapy, the same transition matrices were used for the OCA titration
regimen with or without UDCA. This is a rather conservative method as in clinical
practice, OCA patients would be expected to have lower transition probabilities to the
more severe disease states.
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Table 49: Biochemical transitions during the first year — OCA titration (POISE trial)

0-3 months 3-6 months 6-9 months 9-12 months
From/To: 1 2 3 Disc. | N 1 2 3 N 1 2 3 N 1 2 3 N
ALP threshold 200 units / L
1 N BN I (m |8 |  m|®m 1 | 3  ®m|®m | | 5§ =
2 _ N BN ([  ®m 1  m|m ®m | ®E|(§ ®m | 1 =
3 i i ] ] ] P ] B 1 i ] i i i i
Probabilities
1 . N N B IRl N N O IETEl N M O EIEEEl B N OIEn
2 B B B ANl B OB BNl B OB O IEEEl B N O IEN
3 M B N RNl B OB RNl B OB IRl M N AN

Health state 1:
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ALP = 200 units / L and NB; 2: ALP > 200 units / L and NB; 3: (ALP > 200 units / L) and AB; Disc.: Discontinuation.
Source: Ad-hoc table ALP and BILI shift (Data on file). Analyses for other threshold are presented in Appendix 12.
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5.3.2.2 PBC-specific component (literature)
UDCA inadequate responders

Whilst OCA-based regimens rely on POISE patient-level data during the first year, the
transition probabilities used to reflect progression whilst on UDCA alone, or no treatment,
are based on data from various literature sources identified in the previously discussed
SLRs and hand searching of data. These transition probabilities are specific to PBC
where available. Where no data were available in the literature, transition probabilities
were calibrated so that the risks of liver transplantation and/or death reflected those
observed in POISE.

At EASL 2016, Harms et al presented a poster showing the change in risk of live
transplant and / or death in POISE patients treated with UDCA and OCA. The authors
demonstrated that after one year the risk of transplant and / or death was greater in
patients treated with UDCA versus patients treated with OCA. Data published from the
global and UK PBC groups and an ad-hoc analysis carried out based on POISE patient-
level data using the GLOBE and UK risk score were used to calibrate six transition
probabilities, i.e.:

e Transition from “ALP < 200 units / Lx ULN and bilirubin < 20 ymol / L” to “bilirubin
> 20 umol / L and rising, or compensated cirrhosis”

e Transition from “ALP > 200 units / L x ULN and bilirubin < 20 pymol / L” to
“abnormal bilirubin and rising, or compensated cirrhosis”

e Transition from “abnormal bilirubin and rising, or compensated cirrhosis” to either
“decompensated cirrhosis” or “Pre-LT” (liver transplant waiting list)

e Transition from “decompensated cirrhosis” to “Pre-LT” or liver-related death

The calibration process followed the process shown in Figure 25 below. A more detailed
explanation of the calibration process is provided in Appendix 10.

Figure 25: Calibration process diagram

Calibration transition
from DCC to pre-LT and
liver-related death

Calibration transition
from AB and rising, or
CC to DCC or liver-
related death

Calibration transition
from “ALP > 1,67 x ULN
and NB” to “AB and
rising, or CC”

Calibration transition
from “ALP <1,67 x ULN
and NB” to “AB and
rising, or CC”

Abbreviations: AB, abnormal bilirubin (total bilirubin >1.0 x ULN); ALP, alkaline phosphatase; CC,
compensated cirrhosis; DCC decompensated cirrhosis; LT, liver transplantation; NB, normal bilirubin (total
bilirubin £1.0 x ULN); ULN, upper limit of normal.

Table 50: PBC component: Transition probabilities to "abnormal bilirubin and rising, or
compensated cirrhosis" and decompensated cirrhosis

From: To: Probability | Time period | Quarterly | Quarterly
(years) rate *probability

ALP threshold 200 units / L

ALP < 200 units / AB and rising, or 0.05 1.0 0.01 0.01

L and NB cC

ALP > 200 units / AB and rising, or 0.12 1.0 0.03 0.03
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From: To: Probability | Time period | Quarterly | Quarterly
(years) rate *probability

L and NB CcC

To decompensated cirrhosis (DCC)

AB and rising, or DCC 0.10 1.0 0.03 0.03

CcC

Abbreviations: AB, abnormal bilirubin; CC, compensated cirrhosis; DCC, decompensated cirrhosis; NB,
normal bilirubin. * Obtained by converting quarterly rates to quarterly probabilities, using the formula p = 1—
exp(-rt), where p = probability, r = rate, and t = time.

UDCA-intolerant patients

UDCA-intolerant patients can either receive OCA monotherapy (as a titrated dose) or no
treatment. Given the limited number of patients not on UDCA, there is a lack of data in
the literature looking at the natural history of PBC without active treatment since the
launch of UDCA. Thus, to reflect the progression of patients who did not receive any
active treatment, assumptions were made based on Corpechot et al. (2000), who
assessed the effect of UDCA therapy on liver fibrosis progression compared with no
treatment in PBC patients(150). The study was based on a French randomised, double-
blind, placebo-controlled trial in which 146 patients were randomised to receive either
13-15 mg/kg/day of UDCA or a placebo for 2 years (150). After 2 years, placebo patients
crossed over to UDCA for a further 2 years, whilst patients already on UDCA remained
on UDCA. Paired liver biopsies were available for 103 patients (53 UDCA and 50
placebo) during the two-year blinded period.

Corpechot et al. (2000) modelled the progression from two histologic stages (Figure 26):

¢ Non-fibrotic stage, defined by the presence of portal and periportal lesions without
extensive fibrosis

e Fibrotic/cirrhotic stage, defined by the presence of numerous septa, bridging
fibrosis or nodular cirrhotic formation.

The description provided by Corpechot et al for fibrotic and cirrhotic stages would contain
compensated cirrhotic patients according to the METAVIR criteria (METAVIR stages F3 /
F4 (151).

Progression between states was informed by the paired biopsy data. The authors of this
study assumed that all patients in a given state and at a given time would have the same
prognosis. Two transition rates were estimated to inform the model, i.e. the baseline
transition rate ap and the regression coefficient for treatment ;. The relationship between
both parameters were expressed as follows: a, = ap* exp(B:x U) where U=0 for placebo
and 1 for UDCA.
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Figure 26: Two-stage Markov model (150)

Ao (NF-FIC)
B1 nF—Fio)
Non-fibrotic stage » | Fibrotic / cirrhotic
< stage
Ao (Fic—NF)
B, (FIC—NF)

Based on the simplified model parameters (detailed in Table 51), it was possible to
estimate the annual probability of progressing over time in the placebo group.
Probabilities for patients to transition to the fibrotic/cirrhotic stage were calibrated to
estimate the number of cirrhotic patients over time without the probability of moving
backwards by minimising the root mean square error (RMSE), leading to a quarterly
probability of progression to severe PBC of 0.079. The same transition was assumed
between “abnormal bilirubin or compensated cirrhosis” and “decompensated cirrhosis”
as for UDCA non-responders.

Whilst these histologic stages do not necessarily directly reflect compensated cirrhosis
and decompensated cirrhosis, they essentially represent two different fibrotic or cirrhotic
stages. This is the only publication which reflects the natural history of PBC without
treatment, and allows estimation of the rate of disease progression for untreated
patients.

Table 51: Simplified model - progression parameters (150)

Parameter From/to Estimate SE
a0 NF to F/IC 0.34 0.09
Bt NF to F/IC -1.55 0.49
a0 F/C to NF 0.03 0.01
Bt F/C to NF 0.00 0
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Table 52: PBC components (UDCA intolerant): Transition probabilities to severe PBC and
decompensated cirrhosis

From: To: Probability Time Quarterly Quarterly
period rate probability*
(year)

ALP threshold 200 units / L

ALP <200 AB and rising, 0.25 1.0 0.07 0.07

units / L and or CC

bilirubin < 20

pmol / L

ALP > 200 AB and rising, 0.25 1.0 0.07 0.07

units / L and or CC

bilirubin < 20

pmol / L

To decompensated cirrhosis (DCC)

Bilirubin > 20 DCC 0.10 1.0 0.03 0.03

pmol / L and

rising, or CC

Abbreviations: AB, abnormal bilirubin; CC, compensated cirrhosis; DCC, decompensated cirrhosis. *
Obtained by converting quarterly rates to quarterly probabilities, using the formula p = 1—exp(-rt), where p =
probability, r =rate, and t = time.

OCA patients

For OCA, results from the long-term safety extension study showed sustained response
in patients remaining on OCA for up to five years post initiation of treatment (115). For
this reason, we have not assumed any additional progression to move from “ALP < 200
units / L and normal bilirubin” or “ALP > 200 units / L and normal bilirubin” to “abnormal
bilirubin and rising, or compensated cirrhosis” in the OCA arms after the first year. This
assumption was based on the decompensation rate observed in UDCA responders
presented by Harms et al in the PBC subgroup (152). The objectives of the study were to
estimate the time to a decompensating cirrhotic event (i.e. the presentation of ascites,
variceal bleeding or hepatic encephalopathy), as well as to identify factors predicting the
occurrence of decompensating events and related outcomes (i.e. liver transplant-free
survival). There were 2,938 of the 3,030 UDCA-treated patients included. The authors
investigated the decompensation rate over 15 years for patients who had successfully
responded to UDCA and those who had not responded, using the GLOBE score. The
authors showed that the risk of developing decompensated cirrhosis was much greater
in UDCA non-responders (15-year risk of ~32%) than in UDCA responders (15-year risk
of ~9%) (Figure 27). It was assumed that OCA patients would follow a similar general
trend to the UDCA patients in terms of their risk of developing DCC in the event of non-
response. This is a conservative approach, as recent data shows that in patients with
raised bilirubin the progression to advanced PBC is much more rapid, and with a greater
quarterly probability than is shown in the base case scenario (Intercept data on file).
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Figure 27: Biochemical responders vs. non-responders (152)
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GLOBE-score: 0.044378 x age at start of UDCA therapy + 0.939820 x LN(bilirubin*ULN at 1 year follow-up)
+ 0.335648 x LN(alkaline phosphatase *ULN at 1 year follow-up) — 2.266708 x albumin*LLN at 1 year follow-
up — 0.002581 x platelet count per 109/L at 1 year follow-up + 1.216865.

Table 53: PBC component: Transition probabilities to severe PBC (OCA)

From: To: Decompensation | Time | Quarterly Quarterly
probability (years) rate probability*

“ALP < 200 units / L AB and 0.25 1 0.07 6.80%

and NB” or rising, or CC

“ALP > 200 units / L

and NB”

Abbreviations: AB, abnormal bilirubin; CC, compensated cirrhosis; ALP, alkaline phosphatase; ULN, upper
limit of normal; NB, normal bilirubin. *Obtained by converting 15-year probability into quarterly rates, using
the formula r = -LN(1-p)/t and quarterly rates to quarterly probabilities, using the formula p = 1-exp(-rt), where
p = probability, r = rate, and t = time.

5.3.2.3 Liver disease-specific component

Transition probabilities from “abnormal bilirubin and rising, or compensated cirrhosis” to
the more severe liver-specific health states were derived from the literature as shown in
Table 54.

Table 54: Liver disease component: transition probabilities

From: To: Probability Time Quarterly Quarterly Source
(years) rate prob.
AB and rising, or HCC 0.01 1 0.00 0.35% Assumed similar transition
CcC as between DC and HCC
Pre-LT 0.04 1 0.01 1.02% Calibrated (see Appendix
10)
DCC Pre-LT 0.06 1 0.02 1.53% Calibrated (see Appendix

Company evidence submission template for obeticholic acid [ID785] 147




10)
Death 0.17 1 0.05 3.98% Calibrated (see Appendix
10)
HCC 0.01 1 0.00 0.35% Trivedi et al 2006 (153)
HCC Pre-LT 0.04 1 0.01 1.02% Wright et al 2006 (154),
used by:
STA330 (142)
Death 0.43 1 0.14 13.11% Wright et al 2006 (154),
used by:
STA330 (142)
Pre-LT LT 0.35 1 0.11 10.21% Kim et al 2016 (155)
Death 0.09 1 0.02 2.33% Kim et al 2016 (155)
LT Death 0.21 1 0.06 5.72% Wright et al 2006 (154),
used by:
STA330, Table 68 (142)
Post-LT PBC recurrence 0.23 10 0.01 0.64% Lindor, 2009 (34)
Death 0.06 1 0.02 1.46% Wright et al 2006 (154),
used by:
STA330, Table 68(142)
LT 0.01 13 0.00 0.01% Neuberger, 2003 (156)
PBC recurrence LT 0.01 13 0.00 0.01% Assumption

Abbreviations: AB, abnormal bilirubin; CC, compensated cirrhosis; DC, decompensated cirrhosis; HCC,
hepatocellular carcinoma; LT, liver transplant; PBC, primary biliary cholangitis/cirrhosis.

*Obtained by converting 15-year probability into quarterly rates, using the formula r = -LN(1—p)/t and
quarterly rates to quarterly probabilities, using the formula p = 1-exp(-rt), where p = probability, r = rate, and

t =time.

Based on the transition probabilities presented in this section, the model predicts the
mean times to events shown in Table 55.

Table 55: Mean time to event for liver-related death

UDCA intolerant patients

UDCA inadequate responders

No treatment OCA UDCA + OCA + UDCA

(Placebo) titration Placebo titration
Annual rate of liver-related