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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Premeeting briefing

Pirfenidone for treating idiopathic pulmonary
fibrosis (review of TA282)

This premeeting briefing presents:

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

e 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.

This document presents results using the confidential patient access scheme
discount for pirfenidone. Nintedanib also has a patient access scheme for which the
level of discount is confidential and not known to Roche Products. Accordingly, the
Evidence Review Group ran the company’s analyses using the patient access
scheme discounts for both pirfenidone and nintedanib; the results are in the

confidential appendix to this document.
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Key issues for consideration

Clinical effectiveness

Natural history of idiopathic pulmonary fibrosis

Is a decline in lung function temporary or permanent? Can lung function be
restored? (relevant to modelling assumptions)

Is the natural history of disease likely to change in the 20 weeks from week 52 to
727 (relevant to modelling assumptions)

Generalisability

Are results from ASCEND and the CAPACITY trials of pirfenidone generalisable

to patients seen in clinical practice in England?

— Fewer comorbidities, fewer concomitant medications and lower mortality risk in
trials

— 25% had percent predicted FVC >80% (compared with 30—-50% in UK practice)

— ASCEND: no UK sites, excluded people with percent predicted FVC >90%

— Note that committee C was willing to accept the generalisability issues with the
CAPACITY trials in TA282

Is the SP3 trial relevant to the decision problem (given the unlicensed dose) and

generalisable to clinical practice (given the different baseline characteristics)?

— Note that, during committee B’s appraisal of nintedanib for idiopathic pulmonary
fibrosis, the committee’s preference was to include the SP3 trial and exclude
the other Japanese trial (SP2) from the evidence informing the model.

Given the heterogeneity between the trials, is it more appropriate to report the

credible intervals (used in the company model) or predictive intervals (used in the

ERG model) from a network meta-analysis?

Effectiveness of pirfenidone: overall survival

Pooled analysis of ASCEND and the CAPACITY trials showed pirfenidone
reduced 1-year mortality by 48% compared with placebo. Robust?
— Difference between pirfenidone and placebo not statistically significant in

individual trials.
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— None of the studies powered to assess effect of pirfenidone on mortality.

— In the CAPACITY trials, mortality increased between weeks 52 and 72.

e How does the clinical effectiveness of pirfenidone compare with nintedanib?
e Is there robust evidence for the long-term effectiveness of pirfenidone?

— How robust is the company’s comparison between registry and trial data?

— Does this comparison support the assumption of proportional hazards between
pirfenidone and best supportive care over a patient’s lifetime? (relevant to
modelling assumptions)

¢ Is there a relationship between progression-free survival and overall survival?

(relevant to model structure)

Effectiveness of pirfenidone in subgroups

e |s pirfenidone effective regardless of percent predicted FVC (< or > 80%)?
— No treatment-by-subgroup interaction test for overall survival and progression-
free survival.
— Only 25% of patients across ASCEND and the CAPACITY trials had a percent
predicted FVC of 80% or more.
e Less likely to observe treatment benefit for mortality, progression and
exacerbations in people with a percent predicted FVC above 80%?
e Do people who have had a 10% or more decline in percent predicted FVC decline
in a 1-year period benefit from continued pirfenidone treatment? (relevant to

modelling assumptions)

Stopping rules

¢ In clinical practice, when would it be clinically appropriate to stop treatment with
pirfenidone? How would the decision to stop treatment be made? (relevant to

modelling assumptions)
Cost effectiveness

Model structure and key assumptions

e Was it appropriate to model the condition using a partitioned survival model

structured around disease progression?
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e Would people continue to have nintedanib or pirfenidone after their disease

progresses?

Stopping rules

e Appropriate to include a stopping rule? Based on percent predicted FVC or other
outcomes?

e How robust are the company’s and the ERG’s scenarios including the stopping
rule, given that treatment duration and treatment outcomes are disconnected in

the partitioned survival model?

Estimation of treatment effect

e Appropriate for company to assume that treatment effect is constant over a
patient’s lifetime?
— Would the treatment effect continue in people who continue to take treatment
for more than 72 weeks?
— Would the treatment effect continue after stopping treatment? How long for?
e Appropriate for the company to use 1-year data (week 48 or 52) in the model
instead of week 72, given the reduction in treatment benefit in CAPACITY 1 & 27

Clinical outcomes

e Should overall survival have been modelled using the Weibull (preferred by the
company) or Gompertz (preferred by the ERG) distribution?

e Appropriate to assume that people who have experienced an exacerbation have
the same risk of recurrent exacerbations as people that have not had an
exacerbation?

e Would an exacerbation change the rate of progression (in terms of percent
predicted FVC)? The model assumes no relationship between exacerbations and

progression.

Costs and utilities

e Were the results of the company’s utility mapping exercise plausible?
e Appropriate to assume that routine healthcare costs remain constant in the

progressed health state? In the progression-free health state?
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e Are end-of-life costs higher when deaths are attributable to idiopathic pulmonary

fibrosis (compared with deaths unrelated to the disease)?

Subgroups by disease severity (percent predicted FVC)

e Appropriate to generalise outcomes data from all randomised patients to the
subgroups (with the exception of baseline risk of death, disease progression and
stopping treatment)?

e Is it relevant to consider the analyses in all randomised patients (which exclude
nintedanib as a comparator)? Focus on subgroups?

e ASCEND excluded people with a percent predicted FVC above 90%. Can the

model results be generalised to this population?

Equalities
¢ Would the committee’s recommendations affect any protected groups?

— Does percent predicted FVC disadvantage minority ethnic groups, older people

or disabled people?

Innovation

¢ Any benefits not captured in QALY?
e Is pirfenidone likely to have a clinically meaningful impact on dyspnoea?
— What is the minimal clinically important difference on the University of San
Diego Shortness of Breath Questionnaire?
— Results for University of San Diego Shortness of Breath Questionnaire were

only clinically meaningful using pooled data from ASCEND and the CAPACITY
trials.

Patient access scheme (PAS)

e The Department of Health has approved a reduced discount level for pirfenidone
B o thc condition that NICE recommends pirfenidone for
a similar or greater number of patients than have access under the current
guidance in TA282.

— All analyses in this document use the new, reduced PAS.

National Institute for Health and Care Excellence 5 of 57
Premeeting briefing — idiopathic pulmonary fibrosis: pirfenidone
Issue date: April 2016



CONFIDENTIAL UNTIL PUBLICATION

1 Remit and decision problems

1.1 The remit from the Department of Health for this appraisal was: to
appraise the clinical and cost effectiveness of pirfenidone within its

marketing authorisation for treating idiopathic pulmonary fibrosis.

Table 1 Decision problem

Final scope issued by NICE Decision problem addressed
in the submission

Population Adults with mild to moderate idiopathic As in the scope
pulmonary fibrosis

Intervention Pirfenidone As in the scope

Comparators |e Best supportive care As in the scope

¢ Nintedanib (only for people with a
percent predicted FVC of 50-80%)

Outcomes ¢ pulmonary function parameters As in the scope
e physical function

e exacerbation rate

e progression-free survival

e mortality

e adverse effects of treatment
¢ health-related quality of life

Subgroups If evidence allows, subgroup analysis by | Subgroup analysis by percent
disease severity, defined by FVC (such | predicted FVC: 50-80%

as above and below 80%) and/or DLCO, | (“moderate”) and >80% (“mild”)
will be considered

Abbreviations: DLCO, diffusing capacity for carbon monoxide; FVC, forced vital capacity

1.2 The Evidence Review Group (ERG) advised that the company’s decision
problem reflected the scope. The main measure of pulmonary function in
the company submission was percent predicted forced vital capacity
(FVC) (see section 2.2). The ERG noted that its clinical advisors
considered that percent predicted FVC in isolation was not widely used in
clinical practice, except to implement the recommendations in TA282,

commenting that diffusing capacity for carbon monoxide (DLCO) is
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clinically more meaningful. However, the ERG’s clinical advisors
acknowledged that DLCO is harder to measure and more variable than
FVC. The ERG therefore considered that it was reasonable for the

company to focus on FVC as the main measure of pulmonary function.

The technology and the treatment pathway

Idiopathic pulmonary fibrosis is a chronic, progressive lung disease in
which scarring (fibrosis) occurs. The cause is unknown, but it is thought to
be related to an abnormal immune response. Symptoms may include
breathlessness and cough. Over time, people can experience a decline in
lung function, reduced quality of life, and death. The median survival for
people with idiopathic pulmonary fibrosis in the UK from the time of
diagnosis is approximately 3 years. People with mild-to-moderate disease

live longer than people with severe disease.

Assessing the severity of idiopathic pulmonary fibrosis usually involves 2

measures of lung function:

o forced vital capacity (FVC): the maximum volume of gas that can be
exhaled, from full inhalation, by exhaling as forcefully and rapidly as
possible

¢ diffusion capacity of the lung for carbon monoxide (DLCO): measures

how much oxygen travels from the lungs into the blood stream.

FVC and DLCO can be expressed as a percentage of the predicted
normal value for a person of the same sex, age, height and ethnicity.
DLCO is also corrected for haemoglobin level. Lower percent predicted
values indicate worse health. Clinical trials generally define mild-to-
moderate idiopathic pulmonary fibrosis as a percent predicted FVC of
50% or more and a percent predicted DLCO of 35% or more. A percent
predicted FVC lower than 50%, and a percent predicted DLCO lower than

35%, indicates severe disease.
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The company stated that a decline in percent predicted FVC of more than
10% (absolute value) represents a clinically important difference and
indicates a higher mortality risk (see page 185 of the company
submission). However, the company suggested that using percent
predicted FVC alone to define mild and moderate disease has the

potential to underestimate severity for 2 reasons:

e FVC can be elevated in people with emphysema
¢ the normal range for percent predicted FVC is 90% to 120%, meaning
that, of all the people who have an FVC of 80%, some may have lost a

third of their baseline lung capacity and others may have lost a tenth.

The aim of treatment is to manage symptoms and slow progression. NICE

clinical guideline 163 on the diagnosis and management of suspected

idiopathic pulmonary fibrosis recommends that best supportive care
should be offered from diagnosis and be tailored according to disease
severity, rate of progression and patient preference. Best supportive care
may include symptom relief, managing co-morbidities, withdrawing
ineffective or harmful therapies and end of life care. If pharmacological
treatment is appropriate, the guideline recommends pirfenidone if the FVC
is between 50% and 80% of the predicted value in line with

recommendations in NICE technology appraisal guidance 282. The

recently published NICE technology appraisal guidance 379 recommends

nintedanib as a treatment option for people with a percent predicted FVC
of 50-80%. Both technology appraisals recommend stopping treatment if
there is evidence of disease progression (an absolute decline in percent

predicted FVC of 10% or more within any 12 month period). NICE clinical

guideline 163 recommends lung transplantation as an option for people
with idiopathic pulmonary fibrosis. The present appraisal, a review of

technology appraisal guidance 282, was triggered by the ASCEND study

which — in the company’s opinion — showed that people with a predicted
FVC greater than 80% could benefit from pirfenidone.
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25 During the original NICE appraisal of pirfenidone (technology appraisal

282), the company agreed a simple discount patient access scheme for

pirfenidone. The company has written to the Department of Health to say

that it wishes to reduce the level of discount for

pirfenidone | . 7he Department of Health is content

for the reduced discount level to be taken into account in the present

appraisal, with the proviso that the change to the discount would be

implemented only if NICE issues revised guidance recommending

pirfenidone for the same or more patients than have access under the

current guidance in TA282. Please see the confidential appendix to this

document for further details.

Table 2 Technology and comparator

Pirfenidone

Nintedanib

Marketing
authorisation

Indicated in adults for the treatment
of mild to moderate idiopathic
pulmonary fibrosis

Indicated in adults for the treatment
of idiopathic pulmonary fibrosis

Mechanism of
action

Immunosuppressant;
anti-inflammatory and antifibrotic
effects

Tyrosine kinase inhibitor; targets 3
growth factor receptors involved in
idiopathic pulmonary fibrosis

Posology and
method of
administration

Oral, three 267 mg capsules three
times daily (total of 2403 mg/day
across nine capsules).

Start with one 267 mg capsule,
three times daily, on days 1-7.
Titrate to recommended dose over
14 days.

Duration of treatment is not

specified in the summary of
product characteristics

Oral, 150 mg twice daily.

If the 150 mg dose is not tolerated,
100 mg twice daily is
recommended.

Duration of treatment is not
specified in the summary of product
characteristics

Cost

£501.92 for a 63-capsule pack
[BNF online, March 2016]. This
equates to a daily cost of £71.70
(9 capsules/day). A confidential
simple discount patient access
scheme makes pirfenidone
available to the NHS at a lower
cost.

£2151.10 for 60 x 150mg capsules
[BNF online, March 2016]. This
equates to a daily cost of £71.70

(2 capsules /day). A confidential
simple discount patient access
scheme makes nintedanib available
to the NHS at a lower cost.

See the confidential appendix to this document for details of patient access schemes. See
the summary of product characteristics for details on adverse reactions and

contraindications.
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3 Comments from consultees

3.1 Submissions from professional groups highlighted that there are no
treatment options for people with a percent predicted FVC above 80%
(who represent more than 40% of people with idiopathic pulmonary
fibrosis). They highlighted that people with mild disease are less likely to
benefit from active treatment because their rates of mortality, progression
and exacerbations are low. However, they suggested that there is good
clinical evidence for treating mild idiopathic pulmonary fibrosis, noting that
ASCEND shows that a benefit of pirfenidone for people with a percent
predicted FVC up to 90%. Professional groups suggested starting
treatment as early as possible, because preventing or slowing disease

progression improves life expectancy.

3.2 The professional groups highlighted that the restrictions on prescribing
pirfenidone imposed by current NICE guidance (TA282) create a burden
for the NHS. People with a percent predicted FVC above 80%, for whom
pirfenidone is not recommended, have regular lung function tests to check
whether their disease has progressed sufficiently to allow treatment
pirfenidone. This requires paying for pulmonary physiologists to perform
the tests. The submission highlighted that a patient’s percent predicted
FVC may remain above 80% despite their condition worsening, as
evidenced by other clinical outcomes such as diffusion capacity of the
lung for carbon monoxide or 6-minute walking distance, and yet they will
not be eligible for treatment. The professional groups suggested that
recommendations for initiating treatment should not be restricted to

percent predicted FVC.

3.3 The professional groups commented on the side effects of pirfenidone,

noting that about 1 in 5 patients cannot tolerate it.
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Clinical-effectiveness evidence

Overview of the clinical trials

4.1

4.2

The company’s clinical evidence came from 4 randomised double-blind
trials, comprising 3 multinational phase lll studies (CAPACITY 1,
CAPACITY 2 and ASCEND) and 1 study in Japan (SP3, a phase Il
study). All 4 trials compared pirfenidone with placebo in adults with
idiopathic pulmonary fibrosis. Lower doses of pirfenidone were
investigated in SP3 (1,800 mg/day or 1,200 mg/day) than in the
multinational studies (2,403 mg/day); the company explained that this was
because the Japanese people have a lower average body weight than
European people. The marketing authorisation for pirfenidone in the UK
recommends a dosage of 2,403 mg per day. The results of SP3 and the
CAPACITY trials were considered during the original NICE technology
appraisal of pirfenidone (TA282), but results from the ASCEND trial were

not available at that time.

The primary endpoint in the multinational trials was the change in percent
predicted forced vital capacity (FVC) from baseline. Secondary outcomes
included progression-free survival, time to acute exacerbation, and time to
death. The definition of an acute exacerbation and progression of disease
varied across trials (for definitions of acute exacerbation see company
submission pages 103—4 and response to clarification question A15; for
definitions of progression-free survival see company submission pages
98-9; the company modelled both outcomes in its cost-effectiveness
analysis). Health-related quality of life was assessed in the ASCEND and
CAPACITY trials using the University of San Diego Shortness of Breath
Questionnaire (SOBQ). The CAPACITY trials also included the St.
George’s Respiratory Questionnaire (SGRQ). The company used the

SGRAQ to estimate utility values in its cost-effectiveness model.
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Table 3 Summary of pirfenidone randomised placebo-controlled trials

Trial name Inclusion criteria Trial Pulmonary | Primary
Age % A length | function endpoint
predicted | predicted assessed
FvC DLCO
ASCEND 40-80 50-90% 30-90% 52 wks | Wks 13, 26, | Change in %
(n=555) 39, 52 predicted FVC
from baseline
to week 52
CAPACITY 1 |40-80 |=50% <90% 72 wks | Every 12 Change in %
(n=344) and wks predicted FVC
CAPACITY 2 from baseline
(n=435) to week 72
SP3 20-75 | No requirements 52 wks | Every 12 Change in VC
(n=275) reported wks (VC at week 52
every 4
wks)

aUnblinded at week 36 (open-label pirfenidone until week 48) because of high incidence of

acute exacerbations in the placebo arm

Abbreviations: 6MWD, 6-minute walking distance; DLCO, diffusing capacity for carbon
monoxide; FVC, forced vital capacity; SpO2, blood oxygen saturation level; VC, vital

capacity (a non-forced measurement, usually greater than FVC); wks, weeks

4.3 The company presented the results of an additional Japanese phase |l

trial, SP2 (n=107), in its submission. The company excluded SP2 from its

network meta-analysis and cost-effectiveness model (see section 4.21)

because Committee B previously considered this trial to be an outlier in

the NICE technology appraisal of nintedanib (TA379). This document

does not include the results of SP2.

4.4

National Institute for Health and Care Excellence

The ASCEND trial was conducted in 9 countries; there were no UK sites.
The CAPACITY trials recruited patients from 13 countries including 3 sites
in the UK. The company indicated that baseline characteristics were
generally similar in the different arms of these 3 trials (see pages 82—4 of
the company submission). The baseline characteristics of the Japanese
studies differed from that of the multinational studies; for example, SP3
had a higher proportion of male participants and people who smoked,
higher percentage predicted DLCO, lower trial corticosteroid use, and

smaller proportions having received surgical lung biopsies. There were no
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differences between the study arms within SP2 and SP3, and no
differences between the 2 Japanese trials. The mean percent predicted
FVC at baseline was approximately 68% in ASCEND and 75% in the
CAPACITY trials.

The trials prohibited other treatments for idiopathic pulmonary fibrosis,
with a few exceptions. In the CAPACITY trials, short courses of
azathioprine, cyclophosphamide, corticosteroids, or acetylcysteine were
permitted if the person deteriorated or had an acute exacerbation. In
ASCEND, concomitant medications for treating idiopathic pulmonary
fibrosis were not permitted unless they were prescribed to treat another
condition and there was no clinically acceptable alternative. In SP2 and
SP3, corticosteroids were permitted but immunosuppressants were not.
Approximately 20-35% of patients in the ASCEND and CAPACITY trials,

and 5-10% in the SP3 trial, received corticosteroids.

People with obstructive airway disease (asthma or chronic obstructive
pulmonary disease) or major comorbidities such as a history of unstable
or deteriorating cardiac or pulmonary disease (other than idiopathic

pulmonary fibrosis) were excluded from the trials.

ERG comments

4.7

The ERG suggested that the clinical trials of pirfenidone might not be
generalisable to clinical practice in the UK. The ERG highlighted that:

¢ trial patients had fewer comorbidities, fewer concomitant medications
and a lower mortality risk compared with the population likely to receive
pirfenidone in clinical practice

e approximately 25% of people across the CAPACITY trials and
ASCEND had mild disease (percent predicted FVC above 80%),
compared with around 30-50% in UK clinical practice

e only 1 of the pirfenidone trials, CAPACITY 2, recruited people from UK

centres (3 of 110 centres were UK).
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4.8 The ERG agreed with the company’s judgement that ASCEND and the
CAPACITY trials were at a low risk of bias. However the ERG considered
that the trials had a moderate risk of reporting bias and “other bias”,
because of inconsistency between outcomes specified in the trial
protocols and those presented in the company submission (see page 54
of the ERG report). The ERG noted that SP3 was at a higher or more
unclear risk of bias because of the absence of any published protocols
and the inadequacy of the information contained within the published

manuscripts.

4.9 The ERG considered that SP3 may not be relevant to the decision
problem because it evaluated lower, unlicensed doses of pirfenidone;
applied different eligibility criteria; and reported noticeable differences

from the other 3 trials in some baseline characteristics.

Clinical trial results

4.10 Table 4 presents the primary outcomes from the 4 key trials of pirfenidone
(change in percent predicted FVC, or change in vital capacity volume,
from baseline). ASCEND and CAPACITY 2 showed a treatment benefit of
pirfenidone. Specifically, the decline in FVC compared to baseline was
smaller in patients randomised to pirfenidone than in patients randomised
to placebo (44% smaller in ASCEND, 35% smaller in CAPACITY 2). In
both trials, this difference between treatment groups was statistically
significant. In contrast, CAPACITY 1 showed a smaller treatment benefit
of pirfenidone and the difference between treatment groups was not
statistically significant. The company suggested that the smaller treatment
benefit observed in CAPACITY 1 was because the people randomised to
placebo had a smaller decline in percent predicted FVC than expected,

because (see response to clarification question A26):

¢ a higher proportion of people randomised to placebo had borderline
obstructive disease, compared with people randomised to pirfenidone;
obstructive disease and emphysema are associated with a smaller
decline in FVC despite worsening of fibrosis in the lungs
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¢ idiopathic pulmonary fibrosis is a heterogeneous disease and there is a
natural variability in decline percent predicted FVC across the

population.

The results of the company’s composite outcome (10% or more decline in
percent predicted FVC or death) are presented on pages 89-90 of the
company submission. According to the company, the composite outcome
was used in order to impute a FVC measurement for patients who have
died (see company response to clarification questions A11 and A13). In
ASCEND, pirfenidone was associated with a relative reduction of 47.9% in
the proportion of patients who died or had a decline in percent predicted
FVC of 10% of more (p=0.000001), compared with placebo.

Table 4 Primary outcomes in randomised placebo-controlled trials of

pirfenidone
Study Time | Pirfenidone | Placebo Absolute Relative p
(wks) difference | difference | value
(95% Cl)
Absolute change in percent predicted forced vital capacity from baseline, %
ASCEND 52 -6.17 -10.95 4.78 (95% CI 43.7% | <0.001
not reported)
CAPACITY 1 72 -9.0 -96 | 0.6(-3.5t04.7) 6.5% | 0.501
CAPACITY 2 72 -8.0 -12.4 4.4 (0.7 t0 9.1) 35.3% | 0.001
Change in vital capacity from baseline, mi
SP3a 52 -90 160 | 70 | 43.8% | 0.042

aunlicensed dose of pirfenidone: 1800 mg/day
Sources: section 4.7 company submission and Noble et al. Lancet 2011; 377(9779): 1760-9

4.11 Pirfenidone significantly prolonged progression-free survival in ASCEND,
CAPACITY 2 and SP3, but not CAPACITY 1 (Table 5).

Table 5 Progression-free survival in randomised placebo-controlled trials of

pirfenidone
Risk of death or disease progression?:
pirfenidone compared with placebo
Time point Hazard ratio (95% Cl) p value
ASCEND 52 weeks 0.57 (0.43t0 0.77) 0.0001
National Institute for Health and Care Excellence 15 of 57
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CAPACITY 1 72 weeks 0.84 (0.58 to 1.22) 0.355
CAPACITY 2 72 weeks 0.64 (0.44 t0 0.95) 0.023
SP3 52 weeks 0.45 (0.11 t0 0.79) 0.028

@ Progression-free survival defined as time until 1 of the following events: 210% decline in

percent predicted FVC, 250m decline in 6MWD or death in ASCEND; 210% decline in

percent predicted FVC, 215% decline percent predicted DLCO or death in the CAPACITY
trials; 210% decline in VC or death in SP3.

Abbreviations: 6MWD, 6-minute walking distance; DLCO, diffusion capacity of the lung for

carbon monoxide; FVC, forced vital capacity; VC, vital capacity

Source: section 4.7 company submission

412

Neither the ASCEND trial nor the CAPACITY trials were powered to

assess the effect of pirfenidone on mortality. In a pre-planned pooled

analysis of the 3 trials at 52 weeks, the risk of death was reduced by 48%

in people treated with pirfenidone compared with people randomised to

placebo (hazard ratio 0.52; 95% confidence interval 0.31 to 0.87;

p=0.011) (Table 6). For the results of other secondary outcomes, see

pages 98-112 of the company submission.

Table 6 All-cause mortality in pivotal trials of pirfenidone

Week | Pirfenidone, Placebo, Hazard ratio | p value
n (%) n (%) (95% Cl)
ASCEND 52 11 (4.0) 20 (7.2) | 0.55(0.26 to 1.15) 0.105
CAPACITY 1 52 0.66 (0.24 to 1.84)
72 0.87 (0.41 t0 1.82)
Not reported (NR) NR
CAPACITY 2 52 0.37 (0.13 to 1.05)
72 0.51 (0.22 to 1.20)
Pooled: 52 11 (3.2) 22 (6.3) | 0.49(0.24 t0 1.01) 0.047
CAPACITY 1 &2 72 27 (8) 34 (10) | 0.77 (0.47 to 1.28) 0.315
Pooled: ASCEND, 52 22 (3.5) 42 (6.7) | 0.52(0.31 to 0.87) 0.011
CAPACITY1 &2

Source: section 4.7 company submission (table 23) and appendix 9 company submission
(figures 5 and 6; reproduced on page 73 of the ERG report)

4.13

There was no significant difference between pirfenidone and placebo in

change in health-related quality of life at the end of week 72 of the trials
(that is, after 72 weeks in CAPACITY and 52 weeks in ASCEND) (Table

7). Health-related quality of life worsened from baseline in both arms of all

3 trials. However, pooled results across all 3 trials showed that fewer
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patients randomised to pirfenidone experienced a ‘clinically meaningful’
decline in breathlessness (20 points or more on the University of San
Diego Shortness of Breath Questionnaire) or death compared with

patients randomised to placebo (p=0.0471).

Table 7 Quality of life outcomes from CAPACITY 1, CAPACITY 2 and ASCEND

Change from baseline in SGRQ Change from baseline in SOBQ
score (possible scores range from | score (possible scores range from
0-100)° 0-120)°
Pirfenidone | Placebo | Difference, | Pirfenidone | Placebo | Difference,
(p value®) (p value®)
ASCEND, Not collected 14 17.3 -3.3
week 52 (NR)
CAPACITY 7.2 7.3 -0.1 11.9 13.9 -2.0
1, week 72 (p=0.766) (0.604)
CAPACITY 7.6 9.0 -1.4 121 15.2 -3.1
2, week 72 (p=0.495) (0.509)

Higher scores on the SGRQ and SOBQ indicate worse symptoms (worse quality of life)

a All randomised patients (CAPACITY 1: n=335; CAPACITY 2: n=328)

b Intent-to-treat population (CAPACITY 1: n=344; CAPACITY 2: n=348; ASCEND: n=555)
¢p value for the difference between pirfenidone and placebo in change from baseline
Abbreviations: NR, not reported; SGRQ, St. George’s Respiratory Questionnaire; SOBQ,
University of San Diego Shortness of Breath Questionnaire

Source: section 4.7 company submission (table 32, 35, 36)

4.14

National Institute for Health and Care Excellence

The company’s post-hoc subgroup analyses compared treatment effect in
people who had a baseline percent predicted FVC of more than 80% (mild
disease) with people who had percent predicted FVC of 50-80%
(moderate disease), using pooled data from ASCEND and the CAPACITY
trials. The company reported that baseline characteristics and
demographics were similar across these 2 subgroups and that there was
no statistically significant interaction between treatment and disease
severity, for the primary outcome (change in percent predicted FVC, see
Table 8). Pirfenidone was associated with a statistically significant
(p<0.0001) benefit compared with placebo for the primary outcome in both
subgroups (mild disease and moderate disease). The company also
provided subgroup analyses according to disease severity for overall

survival and progression-free survival. The company did not report a
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treatment-by-subgroup interaction test so it is unclear if the treatment

effect differed between these subgroups (Table 9).

Table 8 Treatment effect of pirfenidone (change in percent predicted FVC from

baseline to week 52), according to baseline disease severity

Trial Percent predicted | Standardised treatment effect? | Interaction test,

FVC (95% Cl) p value

ASCEND <80% 0.47 (0.26 to 0.68) 0.78
>80% 0.52 (0.09 to 0.95)

CAPACITY 1 <80% 0.25 (-0.04 to 0.53) 0.20
>80% 0.58 (0.14 t0 1.02)

CAPACITY 2 <80% 0.4 (0.11 to 0.69) 0.73
>80% 0.48 (0.07 t0 0.89)

avalues greater than 0 indicate a treatment benefit of pirfenidone
Cl, confidence interval; FVC, forced vital capacity
Source: company response to clarification question A29

Table 9 Treatment effect of pirfenidone (overall survival and progression-free

survival to week 52), according to baseline disease severity

Trial Percent predicted Hazard ratio? (95% Cl) Treatment
FVC effect®, p value
Overall survival
ASCEND <80% 0.63 (0.29 t0 1.34) 0.22
>80% <0.01 (0.00 to not evaluable) 0.12
CAPACITY 1 <80% 0.60 (0.17 to 2.04) 0.41
>80% 0.77 (0.11 to 5.59) 0.80
CAPACITY 2 <80% 0.25 (0.08 to 0.76) 0.01
>80% Not evaluable Not evaluable
Progression-free survival
ASCEND <80% 0.56 (0.41 t0 0.76) <0.05
>80% 0.64 (0.30 to 1.40) 0.26
CAPACITY 1 <80% 0.84 (0.53 t0 1.32) 0.44
>80% 0.63 (0.29 to 1.41) 0.26
CAPACITY 2 <80% 0.60 (0.40 to 0.92) 0.02
>80% 0.40 (0.18 t0 0.89) 0.02

@hazard ratios below 1 indicate that patients having pirfenidone had a lower risk of the event
than patients having placebo

bp value indicates significance of the difference between pirfenidone and placebo within the
subgroup; p values for treatment-by-subgroup interaction test not reported

Cl, confidence interval; FVC, forced vital capacity
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Trial

Percent predicted Hazard ratio® (95% CI) Treatment
FvVC effect®, p value

Source: company response to clarification question A31

4.15

4.16

The subgroups in Table 8 and Table 9 were not pre-specified, although
the method used was pre-specified. The company also presented the
results of an analysis of pre-specified subgroups according to disease
severity: percent predicted FVC lower than 70%, between 70% and 80%,
and more than 80%. The company reported differences in observed mean
effects, using pooled CAPACITY data. The NICE technical team noted
that in the mild subgroup (percent predicted FVC over 80%), there was a
non-significant treatment benefit in favour of placebo. The decline in lung
function in people randomised to placebo was 1.2% smaller than the
decline in people randomised to pirfenidone (see figure 16 of the company
submission). The treatment-by-subgroup interaction test was not
significant (p=0.35), but the ERG advised the technical team that this
might be because the company assessed 3 subgroups rather than 2. In
response to clarification question A29, the company suggested that the
method used to assess the pre-specified subgroups (differences in
observed mean effects) was not as robust as the method used to assess
the subgroups defined post hoc (that is, a rank analysis of covariance
model [ANCOVA]). The company suggested that the pre-specified
subgroup analysis “should not be further used for assessment of

robustness and consistency of results in subpopulations”.

The company’s additional post-hoc analysis focused on the subgroup of
people who had a decline in percent predicted FVC of 10% or more during
the first 6 months of treatment; this analysis used pooled data from the 3
pivotal trials. In this subgroup, a further 10% decline in percent predicted
FVC was observed in fewer people in the pirfenidone arm compared with
the placebo arm (p=0.032) (table 37). Based on these results, the
company suggested that pirfenidone should not be stopped if percent

predicted FVC declines by 10% or more, because continuing pirfenidone
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after disease progression might improve health outcomes compared with

best supportive care.

Table 10 Outcomes following previous >10% decline in percent predicted FVC
(pooled data from ASCEND, CAPACITY 1 and CAPACITY 2)

Outcome, n (%) Pirfenidone Placebo .Relative p value
(n=24) (n=60) | difference

=210% decline in FVC or death 1(4.2%) 15 (25.0%) -83.3% 0.032

Death 0 (0%) 10 (16.7%) -100% 0.056

>0% and <10% decline in FVC 9 (37.5%) 23 (38.3%) -2.2% NR

No further decline in FVC 14 (58.3%) 22 (36.7%) 59.1 0.089

Abbreviations: FVC, forced vital capacity; NR, not reported
Source: table 37 (page 116) company submission

ERG comments

417

4.18

4.19

National Institute for Health and Care Excellence

The ERG noted that efficacy results were not consistent across the
pirfenidone trials; in CAPACITY 1 there was no statistically significant
difference between pirfenidone and placebo for the primary outcome, or

the secondary outcome of progression-free survival.

The ERG observed that, across all key trials, the treatment effect of
pirfenidone was either not statistically significant or did not meet the
threshold for a clinically important difference for a number of clinically
important and patient-reported outcomes including mortality, diffusing
capacity of the lungs for carbon monoxide and health-related quality of
life. The ERG acknowledged that when trial data were pooled or included
in the network meta-analysis, the differences between pirfenidone and
placebo were statistically significant for mortality and the University of

California San Diego Shortness of Breath Questionnaire.

Regarding mortality, the ERG noted that there was a substantial increase
in all-cause mortality in the CAPACITY trials between 52 weeks and 72
weeks, with a smaller increase in the placebo group than in the

pirfenidone group (see table 14 on page 72 of the ERG report). The
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company did not provide an explanation for these relative increases in

mortality.

4.20 The ERG observed no significant difference between people with mild
disease and people with moderate disease for the primary endpoint.
However, the ERG was unclear whether there was a significant difference
in progression-free survival and overall survival according to disease
severity because the company did not report the results of a treatment-by-

subgroup interaction test.

Meta-analyses

4.21 As there are no head-to-head trials comparing pirfenidone with nintedanib,
the company did a network meta-analysis. Based on a systematic review,
the company included the following randomised trials in its base case

network meta-analysis:

e 4 trials of pirfenidone compared with placebo: ASCEND, CAPACITY 1,
CAPACITY 2 and SP3.

e 3 trials of nintedanib compared with placebo: INPULSIS 1, INPULSIS 2
and TOMORROW.

The company also included trials of N-acetylcysteine monotherapy and
“triple therapy” (N-acetylcysteine, prednisone and azathioprine) in its
network meta-analysis. However, the company did not include this
evidence in its cost-effectiveness model (and it is not presented in this
document) because the final scope did not include these treatments as
comparators. The company excluded the SP2 trial from its network meta-
analysis and cost-effectiveness model because Committee B previously
considered this trial to be an outlier in the NICE technology appraisal of
nintedanib (TA379). In addition, the SP2 trial was stopped at 36 weeks so

did not provide data at the time point used in the company’s base case

network meta-analysis (1 year). The company’s base case network meta-
analysis used a Bayesian random effects model and data on outcomes
after approximately 1 year. The company used results from week 52 for all
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studies, even though the primary endpoint for the CAPACITY trials was at
72 weeks. For some outcomes in the CAPACITY trials only week 48 data
were available (for example, decline in percent predicted FVC and health-

related quality of life).

The outcomes in the network meta-analysis included: change from
baseline in percent predicted FVC (the company included the change in
vital capacity from SP3 in its analysis of this endpoint), mortality,
progression-free survival, acute exacerbations of idiopathic pulmonary

fibrosis, health-related quality of life, and stopping treatment.

The company did not include adverse events in its original analyses. It
performed an additional network meta-analysis in response to clarification
(question A39) to compare the rates of diarrhoea, rash, serious cardiac

adverse events and stopping treatment because of an adverse event.

The definition of progression-free survival varied between studies, so the
company re-analysed the data from CAPACITY 1 and 2 using the
definition of progression-free survival from the ASCEND trial for the
network meta-analysis. Progression-free survival was defined as the time

until 1 of the following events:

¢ a decline from baseline in percent predicted FVC of 10% or more

¢ a confirmed decline from baseline in 6-minute walking distance of
50 metres or more

e death.

SP3 and the 3 nintedanib trials also used different definitions of
progression-free survival, but the company did not adjust the data from
these trials. The definition of an acute exacerbation also varied between
studies; the company used the original trial results in its base case and

adjusted the data in a sensitivity analysis.
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4.25 The results of the company’s base-case network meta-analysis are
summarised in Table 11 and Table 12. The NICE technical ream noted

that the network meta-analysis suggested:

¢ Both pirfenidone and nintedanib slow the rate of lung function decline,
compared with placebo.

— There is no evidence of a difference between pirfenidone and
nintedanib.

¢ Pirfenidone reduces all-cause mortality and prolongs progression-free
survival compared with placebo; these effects are significant.

— There is a tendency for nintedanib to reduce mortality and increase
progression-free survival compared with placebo, but this is not
significant.

— There is a tendency for pirfenidone to reduce mortality and increase
progression-free survival compared with nintedanib, but this is not
significant.

¢ With either pirfenidone or nintedanib, more people stop treatment, have
diarrhoea, or have rash compared with placebo (although these effects
are generally not significant). There is a tendency for more serious
cardiac adverse events with pirfenidone than nintedanib (not
significant).

e For acute exacerbations, there is no difference between pirfenidone
and nintedanib.

— The company noted that a limitation of the analysis of acute

exacerbations is that the studies defined exacerbations differently.
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Table 11 Results from the company’s base case network meta-analysis

(random effects model): continuous outcomes (mean difference in change

from baseline)

Outcome Mean difference in change from baseline (95% Crl)
Pirfenidone versus Nintedanib versus Pirfenidone versus

placebo placebo nintedanib

FVC%pred?2 3.39 (1.94 t0 4.84) 3.33(2.34t0 4.5) 0.05 (-1.81 to 1.80)

FVC/VC, litres?

0.12 (0.04 to 0.20)

0.12 (0.04 to 0.21)

0.00 (-0.12 t0 0.11)

6MWD, metres?

22.70 (8.82 to 36.31)

6.00 (—28.25 to 40.66)

16.63 (—20.83 to 53.81)

SGRQP

—-1.24 (-4.94 to 2.39)

-2.11 (-5.48 t0 0.37)

0.88 (—3.45 to 5.94)

UCSD SOBQP

-3.19 (-6.24 to -0.17)

NA

NA

aNumbers greater than zero indicate that people having the intervention showed a smaller
decline in outcomes than people having the comparator (favourable for the intervention)
® Numbers below zero indicate that people having the intervention showed a smaller decline

in outcomes than people having the comparator (favourable for the intervention)

Abbreviations: 6MWD, 6-minute walking distance; Crl, credible interval; FVC, forced vital
capacity; FVC%pred, percent predicted FVC; NA, data not available for this comparison;
SGRQ, St Georges respiratory questionnaire; UCSD SOBQ, University of California San
Diego Shortness of Breath Questionnaire; VC, vital capacity

Source: tables 41, 42 and 51-3 company submission (pages 133-5 and 149-52)

Table 12 Results from the company’s base case network meta-analysis

(random effects model): hazard ratios for survival outcomes and odds ratios

for binomial outcomes

Pirfenidone
compared with
placebo

Nintedanib
compared with
placebo

Pirfenidone
compared with
nintedanib

Hazard ratio? (95% Crl)

All-cause mortality,
week 52

0.52 (0.30 to 0.89)

0.71 (0.41 to 1.27)

0.72 (0.32 to 1.58)

PFSP, week 52

0.63 (0.50 to 0.80)

0.74 (0.51 to 1.08)

0.85 (0.55 to 1.34)

Odds ratio?® (95% Crl)

Acute exacerbations

0.62 (0.29 to 1.39)

0.55 (0.26 to 1.09)

1.14 (0.41 to 3.44)

Stopping treatment
(all-cause)

1.28 (0.91 to 1.78)

1.42 (1.01 to 2.01)

0.90 (0.55 to 1.44)

Stopping treatment
(because of an AE)

1.58 (1.04 to 2.39)

1.52 (1.01 to 2.29)

1.04 (0.58 to 1.85

Diarrhoea

1.39 (0.94 to 2.11)

7.32 (4.82t0 11.13)

0.19 (0.11 t0 0.35

Rash

3.85 (2.38 t0 6.29)

1.29 (0.49 to 3.35)

2.99 (1.03 t0 8.88

Serious cardiac AE

1.36 (0.54 to 3.46)

0.64 (0.17 to 1.49)

)
)
)
2.11 (0.65 to 11.34)
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aHazard ratios and odds ratios below 1 indicate that patients having the intervention had a
lower risk of the event than patients having the comparator

b Data from the CAPACITY trials re-analysed using the ASCEND definition of PFS; PFS data
from SP3 and the nintedanib trials were not re-analysed or adjusted to match ASCEND

Abbreviations: AE, adverse event; Crl, credible interval; PFS, progression-free survival

Source: tables 43-50 and 54 company submission (pages 136—47 and 153) and table 16
company response to clarification (page 37)

ERG comments

4.26

4.27

Given that idiopathic pulmonary fibrosis is a progressive disease, and
fewer negative outcomes are expected with a shorter follow-up, the ERG’s
key concern with the network meta-analysis was that the company used
data from week 48 or 52 rather than the full 72 week data available. The
ERG noted that there was a difference in the treatment effect at these 2
time points. For example, the CAPACITY trials reported smaller benefit
with pirfenidone at week 72 than at 1 year for change in percent predicted
FVC, mortality, and the University of California San Diego Shortness of
Breath Questionnaire. Regarding mortality, the ERG considered that using
week 52 data would be appropriate if the purpose of the analysis was to
estimate treatment effect at the specified time point, and there was reason
to believe that treatment effects may change over the extended follow up
period. However, because the purpose of the company’s analysis was to
estimate the population mean survival time, and the company considered
it appropriate to extrapolate the treatment effects over the full lifetime of
the cost-effectiveness model (see section 5.23), the ERG considered that
the company should have used the full evidence base including 72 weeks

follow up.

The company summarised the uncertainty around the results of its
network meta-analysis using 95% credible intervals; the ERG highlighted
that the NICE Decision Support Unit recommends that the predictive
distribution better represents uncertainty about comparative effectiveness
when there is heterogeneity between trials. The company provided the

predictive intervals in response to clarification (question A34, see
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appendix C of the response), but did not use these in its cost-

effectiveness analyses.

The ERG considered that it may not have been appropriate for the
company to combine vital capacity data from SP3 with percent predicted
FVC data from ASCEND and the CAPACITY trials. The company justified
its methods because there is little difference between these 2 endpoints in
people without obstructive airway disease. However, the ERG highlighted
that although ASCEND and the CAPACITY trials excluded patients with

obstructive airway disease, the exclusion criteria for SP3 are not as clear.

The ERG had other concerns about SP3 and did not consider it should be

included in the base-case network meta-analysis or model because it:

¢ used an unlicensed dose of pirfenidone

e reported noticeable differences from the other 3 trials in some baseline
characteristics (see section 4.4)

e had a higher or unclear risk of bias than other trials

e may have overestimated the treatment effect of pirfenidone because
the company imputed missing data using last observation carried

forward.

The ERG acknowledged that the lower dose of pirfenidone in SP3 was to
account for the lower body weight of the Japanese population, but it noted
that no reported dose adjustments were made in the INPULSIS trials of

nintedanib despite a high proportion of Japanese participants.

The ERG considered that the relative effectiveness of pirfenidone
compared with nintedanib is uncertain because of the heterogeneity
between the trial populations. ASCEND excluded people with a percent
predicted FVC above 90%, whereas the nintedanib trials included them.
This resulted in a clinically meaningful difference in baseline percent
predicted FVC between ASCEND and the INPULSIS trials, suggesting
that people in ASCEND may have had more advanced disease. The ERG
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suggested that this difference in baseline disease severity may have
influenced the number of deaths in the trials and impacted the ability to

observe a mortality benefit with nintedanib.

4.31 The ERG did an alternative network meta-analysis to inform its
exploratory cost-effectiveness analyses, and reported the predictive
distribution. The ERG’s analysis used a random effects model, excluded
the SP3 study and used data up to 72 weeks for all-cause mortality,
progression-free survival and acute exacerbations where available (that
is, week 72 data from CAPACITY and week 52 data from ASCEND)
(Table 13). For all-cause mortality and progression-free survival, the
ERG'’s results were less favourable than the company’s results for
pirfenidone compared with placebo (Table 12); hazard ratios for

pirfenidone were higher and the predictive intervals crossed 1.

Table 13 Results from the ERG’s network meta-analysis of ASCEND,
CAPACITY 1 and CAPACITY 2

Pirfenidone Nintedanib Pirfenidone
compared with compared with compared with
placebo placebo nintedanib

Hazard ratio® (95% Prl)

All-cause mortality,
week 72

0.63 (0.32 to 1.28)

0.71 (0.36 to 1.37)

0.9 (0.35 to 2.42)

PFSP, week 72

0.62 (0.35 to 1.10)

0.74 (0.38 to 1.50)

0.84 (0.34 to 2.02)

Acute exacerbations

0.52 (0.12 to 1.89)

0.57 (0.16 to 1.88)

0.92 (0.13t0 5.310

Stopping treatment

1.24 (0.70 to 2.12)

1.43(0.83 to 2.43)

0.87 (0.39 to 1.81)

(all-cause)

@ Hazard ratios below 1 indicate that patients having the intervention had a lower risk of the
event than patients having the comparator

b Data from the CAPACITY trials re-analysed using the ASCEND definition of PFS; PFS data
from the nintedanib trials were not re-analysed or adjusted to match ASCEND

Abbreviations: PFS, progression-free survival; Prl, predictive interval
Source: figures 28-32 ERG report (pages 143-5)

Adverse effects of treatment

4.32 The company reported that, in the pivotal phase Il trials (ASCEND and

CAPACITY 1 and 2), the most frequent adverse events with pirfenidone

were gastrointestinal or skin-related. These were mild-to-moderately
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severe and rarely led to stopping treatment. Adverse events commonly
reported in ASCEND (15% or greater in either treatment group) are
presented in Table 14. The adverse events leading to stopping treatment
in 1% or more people in the pirfenidone arms of the 3 pivotal trials were
pneumonia, rash, raised hepatic enzyme levels and decreased weight (in
ASCEND), photosensitivity, rash and respiratory failure (in CAPACITY 1)
and bladder cancer, nausea and rash (in CAPACITY 2).

Table 14 Adverse events in 215% of patients in either treatment group in

ASCEND

Adverse event, n (%) Pirfenidone (n=278) Placebo (n=277)
Nausea 100 (36) 37 (13.4)
Rash 78 (28.1) 24 (8.7)
Headache 2 (25.9) 64 (23.1)
Cough 70 (25.2) 82 (29.6)
Diarrhoea 62 (22.3) 60 (21.7)
Upper respiratory tract 1(21.9) 56 (20.2)
infection

Fatigue 58 (20.9) 48 (17.3)
Dizziness 49 (17.6) 36 (13)
Dyspepsia 49 (17.6) 17 (6.1)
Anorexia 44 (15.8) 18 (6.5)
Dyspnoea 41 (14.7) 49 (17.7)
Worsening of idiopathic 26 (9.4) 50 (18.1)
pulmonary fibrosis

4.33 The company reported that pirfenidone has a different adverse event

profile compared with nintedanib. The most frequently reported adverse

reactions associated with nintedanib, reported in its summary of product

characteristics, are diarrhoea, nausea and vomiting, abdominal pain,

decreased appetite, weight loss and elevation of hepatic enzymes. The

company noted that pirfenidone is the only idiopathic pulmonary fibrosis

treatment without a special warning or precaution for use in patients at

risk of cardiovascular disease or bleeding.
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Non-randomised and non-controlled evidence

4.34

4.35

The company presented the non-randomised and non-controlled evidence

for pirfenidone on pages 156—167 of its submission, including:

e The RECAP open-label extension study: patients who completed
ASCEND or either of the CAPACITY trials could enrol in RECAP. In
addition to pirfenidone, the study permitted concomitant therapy with
corticosteroids, azathioprine, cyclophosphamide, and N-acetylcysteine.
The study provides 8.8 years of follow-up data for pirfenidone (based
on the latest data cut in June 2015, n=1058; the next data cut is
planned for June 2016).

e 3 disease registry studies: INOVA (US-based, n=81), Edinburgh (UK-
based, n=323) and EurolPF (based in Europe, n=409). These registries
provide 5-15 years of follow-up data for people receiving best

supportive care.

The company used the data from RECAP to estimate long-term survival
with pirfenidone. The registry studies informed estimates about long-term

survival for people having best supportive care.

The company compared the relative effectiveness of pirfenidone in the
clinical trials with data from the registry studies to understand whether the
survival benefit observed in clinical trials of pirfenidone might continue
long-term. To do this, the company first selected and matched individuals
from registries to people enrolled in the ASCEND and CAPACITY trials, to
improve comparability (see pages 160-2 of the company submission). It
then generated hazard ratios to show the effectiveness of pirfenidone
(using outcomes from the pirfenidone arms of clinical trials) compared
with best supportive care (using outcomes from the registries). The
company compared the new hazard ratios with those from the clinical
trials (Table 15). The company noted that the survival results for
pirfenidone compared with best supportive care were better in all 3

registries than in the clinical trials. The company acknowledged that there
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are limitations to comparing data from clinical trials with real-world
evidence, but suggested that the results indicate that the comparative
benefit of pirfenidone observed in the phase lll clinical trials are likely to

continue long-term.

Table 15 Mortality with pirfenidone compared with placebo/best supportive

care: results from clinical trials and registries

Pooled

Ed:,':;?sr?r; INOVA registry | EurolPF registry andCAA;%(I:EIrIg

data (week 52)

for moraitye | I | I | I 052
(95% Crl) (0.31 t0 0.88)

@ Hazard ratios below 1 indicate that patients having pirfenidone had a lower risk of dying
than patients having placebo/best supportive care (favourable to pirfenidone)

Abbreviations: Crl, credible interval
Source: table 57 company submission (page 162)

ERG comments

4.36

4.37

4.38

The ERG commented that the company did not report its methods and
criteria for identifying and selecting these non-randomised studies. It was

unclear whether additional, relevant evidence might have been excluded.

The ERG considered that the RECAP open-label extension may have
overestimated the survival benefit with pirfenidone, because the study
excluded people who were considered to be not taking their medication
properly (defined by the company as people who had less than 80% of the

assigned study treatment during the clinical trial period).

The ERG advised considerable caution in the interpretation of the
company’s comparisons between the pirfenidone arm of clinical trials and
data from registries, because the analyses are subject to considerable

bias. It was concerned that:

e Despite the attempt by the company to adjust registry data to match

clinical trial populations, the survival of people from the registries was
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shorter than that of people randomised to placebo in the clinical trials
(see figure 35 on page 188 of the ERG report). The company did not
comment on this discrepancy.

e There were discrepancies in the inclusion criteria applied to the registry
data which may bias the estimate in favour of pirfenidone. For example,
the company excluded people from the registry studies if they had a
percent predicted FVC of 90% or more. However, approximately 8% of
people across the CAPACITY trials and ASCEND had a percent
predicted FVC of 90% or more. The ERG considered that excluding
this population could underestimate the survival for people having best

supportive care, based on the potential link between FVC and mortality.

Cost-effectiveness evidence

Model structure

5.1

The company provided a partitioned survival model (that is, the
proportions of people in each health state were derived from curves of
progression-free survival and overall survival; movement between health
states is not modelled using transition probabilities). The model assessed
the cost effectiveness of pirfenidone compared with nintedanib and best
supportive care in adults with mild-to-moderate idiopathic pulmonary
fibrosis. The model comprised 3 mutually exclusive health states:
progression-free, progressed, and dead. The company included an
additional health state for lung transplant in a scenario analysis. The
company provided a rationale for its choice of model structure on pages
198-204 of the submission. It modelled people with a percent predicted
FVC of 50% or more, based on the population in the pirfenidone clinical
trials and marketing authorisation, using a lifetime horizon (34 years) and
a 3-month cycle length. The company used an annual discount rate of
3.5%, included a half-cycle correction and calculated costs from the

perspective of the NHS and Personal Social Services.
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Patients entered the model in the progression-free health state and either
remained in this state or moved into the ‘progressed’ or ‘death’ health
states. An acute exacerbation did not change the rate of progression;
people in the progression-free health state could remain in that health
state following an exacerbation. Within the scenario analysis, patients
could only enter the lung transplant state from the progressed disease
state and if they were under the age of 65, which the company said was in
line with eligibility criteria for lung transplantation in clinical practice.
Patient characteristics were based on the CAPACITY and ASCEND trials.

Figure 1 Diagram of the company’s model (figure 42 on page 204 of the

company submission)

5.3

At risk of acute exacerbation

| PR -,

-

Lung D

Current NICE guidance on the use of pirfenidone (NICE technology

appraisal guidance 282) and nintedanib (NICE technology appraisal

guidance 379) recommend that treatment should be stopped if there is

evidence of disease progression (a decline in percent predicted FVC of
10% or more within any 12 month period). The company did not apply this
‘stopping rule’ to the pirfenidone arm of its base-case model, because it
considered that people who experience disease progression may continue
to benefit from pirfenidone treatment (see section 4.15 and Table 10). The

company did apply the stopping rule for nintedanib in the base-case
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analysis, to align with current practice, and explored the use of a stopping

rule for pirfenidone in a scenario analysis (scenario 31).

ERG comments

5.4

5.5

The ERG had a number of major concerns regarding the structure and
logic of the company’s model. Firstly, the ERG considered that separating
idiopathic pulmonary fibrosis into 2 distinct phases (before and after
disease progression) is overly simplistic and does not reflect the natural
history of the condition. The ERG believes that the company’s approach
may have overestimated the lifetime gains in quality-adjusted life years
(QALYs) with pirfenidone, because the impact of subsequent disease
progression for people already in the “progressed” health state is not
captured. The ERG investigated the impact of adjusting utility by age, to
represent further progression for people in the progressed health state, in
its exploratory analyses; it had only a minor impact on the ICER. The ERG
also highlighted that, in using a partitioned survival structure, the company
assumed that all disease progression is equally detrimental. The ERG
suggested that the impact of disease progression on health-related quality
of life would differ according to the person’s baseline disease severity. For
example, someone whose percent predicted FVC decreased from 90% to
80% would have a different decline in quality of life to someone whose
percent predicted FVC decreased from 60% to 50%. That is, the model
does not capture the impact of different levels of disease severity on

quality of life and costs.

Secondly, the ERG was concerned that using a partitioned-survival model
means that overall survival, progression-free survival and stopping
treatment are modelled independently of each other. That is, a change in
either progression-free survival or time on treatment does not impact
overall survival, but does impact treatment costs. The ERG considered
this approach to be reasonable when the treatment ‘stopping rule’ in
current NICE guidance is excluded. However, the ERG did not consider

the partitioned-survival model, in which treatment duration and treatment

National Institute for Health and Care Excellence 33 of 57

Premeeting briefing — idiopathic pulmonary fibrosis: pirfenidone
Issue date: April 2016



5.6

5.7

CONFIDENTIAL UNTIL PUBLICATION

outcomes are disconnected, to be appropriate when the stopping rule is
included in the analysis. The ERG also highlighted that the absence of a
relationship between these outcomes is not clinically plausible. The ERG
advised that, if the company had assumed some dependence between
these outcomes, the results may have been more sensitive to the
company’s choice of parametric curves and its assumption that people
remain on treatment regardless of progression status (see sections 5.26
and 5.31).

Thirdly, the ERG was concerned that the impact of acute exacerbations
was underestimated as a result of the model structure, in which acute
exacerbations were disconnected from the outcomes of progression and
survival, and were associated only with costs and utility reductions. The
ERG advised that exacerbations have substantial impact on quality of life,
morbidity and mortality and it was therefore concerned that the results of
the model were not sensitive to changes in the rate of acute

exacerbations.

Regarding the ‘stopping rule’ recommended in current NICE guidance for
pirfenidone, which the company modelled in a scenario analysis, the
ERG'’s clinical advisors agreed with the company’s statement that a prior
decline in lung function does not predict a future decline in lung function.
The advisors noted that this statement is supported by a retrospective

analysis of pulmonary function tests from 734 patients in the UK and US.

Model details

5.8

The company derived the rates of progression and mortality with
pirfenidone from patient-level data from the pivotal phase Il studies
(ASCEND and CAPACITY 1 and 2). Mortality rates were also informed by
patient-level data from the open-label extension study of pirfenidone
(RECAP, 7-year data cut). For other pirfenidone outcomes, the company
used the results of the network meta-analysis (see section 4.21). The

company used results from the network meta-analysis to estimate the
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relative effectiveness and safety of nintedanib and best supportive care

compared with pirfenidone.

To estimate overall survival for people having pirfenidone, the company
fitted a Weibull parametric model to the clinical trial data (see pages 211—
4 of the company submission). The company explored alternative survival
curves for pirfenidone in scenario analyses (scenarios 12—16; Appendix

21 of company submission).

To estimate overall survival for people having nintedanib and best
supportive care, the company took the hazard ratios from the network
meta-analysis and applied them to the curve predicting overall survival
with pirfenidone (1.33 for nintedanib and 1.92 for best supportive care,
compared with pirfenidone). The company explored alternative methods
of estimating overall survival with best supportive care in 3 scenario

analyses (scenarios 17—19):

e using trial data up to week 52 followed by applying the hazard ratio
e using real-world data from the UK-based and US-based registries
Edinburgh (n=182) and INOVA (n=286).

The company’s model distinguished between deaths that were related or
unrelated to idiopathic pulmonary fibrosis, because it considered that
disease-related costs increase substantially in the last year of life,
attributable to increased routine healthcare use, home care and length of
stay in hospital. The company updated its estimates of disease-related
deaths in response to clarification (questions B9 and B10): approximately
53% with pirfenidone, 62% with nintedanib and 70% with best supportive

care.

To estimate progression-free survival, the company used the same
approach as it had for overall survival. That is, it used a Weibull
distribution for the pirfenidone curve, with hazard ratios applied for

nintedanib (1.18) and best supportive care (1.59). The definition of
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progression-free survival was based on the definition in ASCEND (see
section 4.24). The company explored alternative parametric distributions
for pirfenidone in scenario analyses (pages 215-7 of company
submission) but registry data were not available for progression-free

survival.

To estimate time to stopping treatment for reasons other than death and
lung transplant (most commonly because of adverse events), the
company again selected a Weibull distribution for pirfenidone and applied
a relative risk from the network meta-analysis for nintedanib. As noted in
section 5.3, in its base-case analysis the company applied the ‘stopping
rule’ recommended in NICE guidance (that is, if there is evidence of
disease progression) for the nintedanib arm but not the pirfenidone arm.
The company modelled stopping treatment because of disease
progression separately to stopping for other reasons. The company
assumed that people received best supportive care after stopping

treatment with pirfenidone or nintedanib.

The baseline risk of an acute exacerbation in the model, applied to people
having best supportive care, was 1.46% per model cycle (based on the

company submission for the NICE technology appraisal of nintedanib).

The company applied odds ratios from the network meta-analysis to
calculate the risk of acute exacerbation for people having pirfenidone
(0.62) and nintedanib (0.55). Because of lack of evidence on the
incidence of recurrent events, the company assumed that people who
experienced at least 1 exacerbation had the same risk of another

exacerbation as people that had never had an exacerbation.

The risk of adverse events in the model was informed by a network meta-
analysis performed by the company in response to clarification. The
company included serious cardiac events, diarrhoea, gastrointestinal

perforation, photosensitivity and rash.
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The company assigned utility values to each health state by mapping the
St. George’s Respiratory Questionnaire data (collected every 12 weeks in
the CAPACITY trials) onto the EQ-5D using a mapping algorithm by
Freemantle (2015). EQ-5D data were not collected in the pirfenidone
trials. In a scenario analysis the company used an alternative mapping
algorithm by Starkie (2012). Utility values within each health state

remained constant.

Table 16 Utility values applied to health states in the company’s base case

model

Health state Utility value Source

Progression-free 0.847 CAPACITY ftrial data using St. George’s
Respiratory Questionnaire, mapped onto EQ-5D

Progressed 0.782 using algorithm by Freemantle

Lung transplant? 0.847 Assumed equivalent to progression-free disease

@ Lung transplant health state included only as a scenario analysis
Source: table 88 company submission

5.17

5.18

The company included the following costs in its model: drug treatments,
treating adverse events, routine healthcare (including patient monitoring,
liver-function tests and oxygen use), lung transplant (scenario analysis
only), treating acute exacerbations in hospital, and end of life care. The
company calculated costs using the 2014—-15 NHS reference costs and
the 2015 Personal Social Service Research Unit (PSSRU) Unit Costs of

Health & Social Care. Costs within each health state remained constant.

The company assumed that patients took 7.88 pills of pirfenidone per day
on average, based on data from the CAPACITY trials and ASCEND,
leading to a daily cost of £62.80 (or a cost per 3-month model cycle of
£5,730.62) using the list price. The summary of product characteristics for
pirfenidone recommends 9 pills per day. The company assumed the same
daily cost for nintedanib as for pirfenidone. It assumed there were no
administration costs for pirfenidone and nintedanib because they are oral

treatments. The company did not include any costs for best supportive
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care. The model inputs are summarised in table 103 of the company

submission.

The company did not explore the sequential use of treatments for
idiopathic pulmonary fibrosis in its model (that is, pirfenidone followed by
nintedanib or vice versa). The company stated that there is no evidence

about the efficacy or safety of sequencing these treatments.

Subgroup analyses

5.20

5.21

The company presented results for 3 populations:

¢ all randomised patients in the pirfenidone trials; the comparator was
best supportive care

¢ the subgroup of people with mild idiopathic pulmonary fibrosis (percent
predicted FVC over 80%); the comparator was best supportive care

¢ the subgroup of people with moderate disease (percent predicted FVC
between 50% and 80%); the comparators were best supportive care

and nintedanib.

The company’s choice of comparators was based on NICE technology

appraisal 379, which recommends nintedanib only for people with percent

predicted FVC between 50% and 80%. Because the company did not
have access to patient-level data for nintedanib, it assumed that the
treatment effect for nintedanib was the same regardless of percent
predicted FVC. The NICE technical team noted that post-hoc subgroup
analyses of the INPULSIS trials, presented by the company in the NICE

technology appraisal of nintedanib (TA379), showed that there were no

statistically significant differences in the primary or key secondary

outcomes by subgroups according to percent predicted FVC.

The company applied subgroup-specific data for the baseline risk of
death, disease progression and stopping treatment. For overall survival
and time on treatment, the company fitted a Weibull parametric model to
the trial data, using percent predicted FVC as covariates (<50%, 50-80%
and >80%). For progression-free survival, the parametric distribution was
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fitted to the observed data for each subgroup separately. For other model
parameters, the company used the same estimates as those used for all

randomised patients.

Changes to company model before first committee meeting

5.22

The company provided updated cost-effectiveness results for the base
case model and all sensitivity and scenario analyses, for all 3 populations,
in its response to clarification (refer to section B, pages 38-9, and
Appendix E, pages 129-66, of the response to clarification). The company

also updated its patient access scheme submission. The updated results:

¢ Included the network meta-analysis of adverse events (see clarification
question A39)

e Corrected an error in implementing the stopping rule for nintedanib
(see clarification question B8)

¢ Revised estimates of mortality related to idiopathic pulmonary fibrosis
(see clarification questions B9 and B10)

e Corrected an error in the oxygen cost (see clarification question B23).

ERG comments

5.23

The ERG’s main concerns about the company’s modelling assumptions
related to the estimations of treatment effect. The ERG considered that
the evidence base did not support the company’s assumption that the
survival benefit from the pirfenidone trials (based on data up to 52 weeks)
is constant over the entire model duration (34 years); changing this
assumption of lifetime proportional hazards between pirfenidone and its
comparators had the biggest impact on the ICER. The ERG
acknowledged that the company’s post hoc analyses did not show a
significant interaction between the treatment effect and time, but it was
concerned that the CAPACITY trials reported a smaller survival benefit for
pirfenidone (compared with best supportive care) at week 72 than at week
52. The ERG’s plot of overall survival data from ASCEND, RECAP and
the CAPACITY trials (see figure 34 on page 175 of the ERG report) also
suggested that treatment effect is not maintained. Finally, the ERG
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considered that the company’s comparison of pirfenidone trial data with
registry data (which, according to the company, supported the assumption
of long-term proportional hazards compared with best supportive care)
was subject to considerable bias (see section 4.38). The ERG’s clinical
advisors commented that it is possible that if a drug fundamentally
changes disease progression over the duration of a clinical trial, then
continued treatment may prevent decline over longer time periods. The
ERG considered that this supports the possibility of continued
effectiveness but does not necessarily support a treatment effect that is
constant over the entire model duration. The ERG noted that the
assumption of proportional hazards between pirfenidone and best

supportive care for progression-free survival was more appropriate.

Regarding the comparison between pirfenidone and nintedanib, the ERG
considered that the company’s assumption that pirfenidone was superior
to nintedanib, and that this benefit was maintained for the entire model
duration, was overly optimistic. The ERG noted that the efficacy of
nintedanib and pirfenidone could be similar, and that results of the
network meta-analyses were uncertain given the considerable
heterogeneity between the populations included in the trials for

pirfenidone and nintedanib (see section 4.30).

The ERG had other concerns about the company’s estimation of
treatment effect, which were also important drivers of the ICER. For
overall survival and progression-free survival, the ERG considered that

the company should have:

e used trial data up to week 72 instead of week 52 (see section 4.26);
this was less important for progression-free survival, which had a
minimal impact on the company’s base-case ICER

e excluded the SP3 trial (see section 4.29)

¢ used the predictive distribution from the network meta-analysis rather

than credible intervals (see section 4.27)
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The ERG applied these suggestions in its alternative base-case analysis.
For time to stopping treatment, the ERG noted that the company’s
network meta-analysis produced an odds ratio for stopping treatment due
to any reason, but the company applied this in the model for people who
stopped treatment for reasons other than death and lung transplant. The
ERG suggested that this may have introduced bias if the rates of death or
lung transplant differed between the trial arms compared in the network

meta-analysis.

Another key driver of the ICER in the company model was the choice of
parametric curve for estimating overall survival, progression-free survival
and time to stopping treatment. The ERG considered that, although the
Weibull curve (selected by the company) fitted the observed data well, the
Gompertz distribution may provide a more clinical plausible long-term
extrapolation for these outcomes (see section 5.2.3 on pages 177-85 of
the ERG report). The ERG did not agree with the company using registry
data to justify using the Weibull curve given the ERG’s concerns about
these data, such as the fact that the survival outcomes from the registries
did not match the placebo arm of the trials (see section 4.38). In addition,
the ERG highlighted that the probability of death for older people in the
model, when using the Weibull distribution, was lower than in the general
UK population; the ERG did not consider this to be clinically plausible. The
ERG noted that the model was more sensitive to the choice of parametric
curve for overall survival than for progression-free survival or time to
stopping treatment, but suggested that the latter 2 outcomes may have
had more impact if the relationship between all 3 outcomes had been

modelled more realistically.

The ERG evaluated the company’s algorithm for mapping the trial-based
results from the St. George’s Respiratory Questionnaire data onto the EQ-
5D, to generate utility values for the model’'s health states. The ERG
considered that the company’s method was generally appropriate but
noted that, under some circumstances, the algorithm predicted utility

values exceeding the maximum possible value of 1. In response to
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clarification question B18, the company capped the maximum possible
utility value at 1.0, which decreased the utility values for the progression-
free health state (from 0.85 to 0.82) and progression health state (from
0.78 to 0.76). The ERG used these new utility values in its exploratory

analyses.

The ERG had a few issues with the company’s cost estimates:

The company calculated dose interruptions and reductions for
pirfenidone after the 2-week titration period. The ERG considered that it
would have been more appropriate to separate the costs for the first
model cycle from those for subsequent cycles. This was amended in
the ERG's alternative base case.

The ERG suggested that the company’s assumption of the same daily
costs for pirfenidone and nintedanib, based on the dose reductions and
interruptions observed in the pirfenidone trials, was likely to be
unfavourable to pirfenidone. The ERG used the dose reductions and
interruptions observed in the INPULSIS trials of nintedanib in its
alternative base case.

The ERG considered that routine healthcare costs are likely to increase
over time within each health state, or at least in the progressed health
state, rather than remain constant. However, the ERG was unclear how

changing this would affect the ICER.

The ERG had a number of concerns with the company applying a one-off
cost to deaths attributable to idiopathic pulmonary fibrosis (£9,996), but

not including costs to deaths unrelated to the disease. The ERG:

e considered that it would have been more appropriate to use the results

of the network meta-analysis to estimate the proportion of deaths that

were disease-related

e was uncertain whether the company’s estimate for end-of-life costs,

which was based on the costs associated with people dying from organ
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failure estimated in a modelling study, was representative of clinical
practice for idiopathic pulmonary fibrosis

e considered that deaths from causes other than idiopathic fibrosis are
also likely to be associated with costs, which the company did not

include.

In its exploratory analyses, the ERG applied the cost associated with end-

of-life care to all deaths in the model, irrespective of the cause.

The ERG suggested that it was possible for patients to have nintedanib
after stopping pirfenidone treatment, and vice versa, noting that the
company did not model these options. The company explained that there
was insufficient clinical or safety evidence to model treatment sequencing,

and the ERG was unclear what the impact on the ICER would be.

The ERG did not consider that the company’s assumption that people
whose disease progresses continue to have pirfenidone or nintedanib was
supported by the available evidence. However, the ERG suggested that
the ICER would not change if the company used different stopping rates
according to whether patients had progressed or not, because of the
partitioned-survival model structure, in which time on treatment is used to

calculate the treatment costs but had no impact on health outcomes.

Regarding the company’s subgroup analyses, the ERG considered it
appropriate that treatment effects from all randomised patients were
applied to the subgroups, because subgroups were not stratified in the
trial and analyses of outcomes were post hoc. However, because it was
not possible to rule out a different treatment effect by subgroup, the
ERG’s exploratory analyses investigate the impact of using the treatment
effects by subgroups from the company’s post hoc analyses (see section
4.14). The ERG did not consider it appropriate for the company to assume
no differences between the subgroups in utility or routine healthcare
costs, given that these parameters would be expected to change with

disease severity, but was unsure of the effect of this on the ICER.
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Company's base-case results and sensitivity analysis

5.33

5.34

This document presents results using the confidential patient access
scheme discount for pirfenidone. Nintedanib also has a patient access
scheme for which the level of discount is confidential and not known to
Roche Products. Accordingly, the Evidence Review Group ran the
company’s analyses using the patient access scheme discounts for both
pirfenidone and nintedanib; the results are in the confidential appendix to

this document.

The company’s base case deterministic cost-effectiveness analysis
showed that pirfenidone was more costly and more effective than best
supportive care in all randomised patients, resulting in an incremental
cost-effectiveness ratio (ICER) of £21,387 per QALY gained using the
patient access scheme discount for pirfenidone (Table 17). The results of
the company’s probabilistic sensitivity analysis were very similar,
producing an ICER for pirfenidone of £20,794 per QALY compared with
supportive care. Results from the probabilistic sensitivity analysis
indicated that the probability of pirfenidone being cost-effective compared
with best supportive care was 45% and 85% at willingness to pay
thresholds of £20,000 and £30,000 per QALY gained, respectively. The
cost-effectiveness results for the subgroups according to percent

predicted FVC were as follows:

¢ In the mild population (percent predicted FVC above 80%): £24,187
(deterministic) or £23,476 (probabilistic) per QALY gained compared
with best supportive care.

¢ In the moderate population (percent predicted FVC 50-80%): £21,318
(deterministic) or £20,863 (probabilistic) per QALY gained compared
with best supportive care. The results compared with nintedanib are

presented in the confidential appendix to this document.
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Table 17 The company’s base case cost-effectiveness results for pirfenidone

compared with best supportive care (using the discount in the patient access

scheme for pirfenidone)

Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)

All randomised patients
BSC 26,627 3.80
Pirfenidone 66,638 5.67 40,010 1.87 21,387
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 31,729 4.82
Pirfenidone 84,209 6.99 52,480 217 24,187
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)?
BSC 24,868 3.44
Pirfenidone 61,012 5.14 36,145 1.70 21,318

@ The results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document
Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: tables 4, 6 and 8 company PAS submission template

5.35

5.36
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The company performed one-way sensitivity analyses using the 95%

confidence interval values of all model parameters. The parameter which

had the biggest impact on the ICER was the hazard ratio for mortality (see

figures 1—4 of the company PAS submission template).

The model predicted that pirfenidone was associated with an additional

3.29 years of life compared with best supportive care in all randomised

patients; this increased to 4.15 years in the mild population and

decreased to 2.87 in the moderate population. Compared with nintedanib,

pirfenidone provided an additional 1.61 years of life (moderate

population). The company stated that the survival benefit predicted by the

model was similar to that observed in clinical trials of pirfenidone and

registry studies (Table 18).
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Table 18 Percentage of people alive over time, comparison of company model

with clinical trials and registry data

Time Clinical trial result Registry data | Model result (includes
INOVA | Edinburgh half cycle correction)

Pirfenidone BSC BSC BSC | Pirfenidone BSC

1 year 96.4% 93.2% 89.8% 88.0% 95.5% 91.5%
2 years 87.7% - 74.4% 75.9% 88.8% 79.5%
5 years 70.4% - 45.6% 43.6% 65.9% 44.9%
7 years 56.8% - 38.6% 32.2% 51.7% 28.1%

BSC, best supportive care

Source: table 108 (page 258) company submission

Company scenarios

5.38

National Institute for Health and Care Excellence

The company performed 58 scenario analyses for all 3 populations

(summarised in table 104 on page 249 of the company submission). The

biggest drivers of the ICER were the time horizon, the duration over which

the treatment effect remains constant, the parametric distributions for

overall survival in people randomised to pirfenidone, and the inclusion of

the stopping rule.

Time horizon: costs were accrued over a relatively short time period,
with the long-term benefits of treatment accrued over the longer-term;
the majority were captured within 15 years; shortening the time horizon
increased the ICER in all 3 populations modelled.

Overall survival: the company explored fitting different parametric
models to the trial data for pirfenidone; the ICER increased when a
Gompertz distribution was used, and decreased with all other
alternatives (in all 3 populations modelled). When the company used
overall survival results from week 72 instead of week 52 of the clinical
trials, the ICER increased in all 3 populations.

Duration of treatment effect: the company explored the impact of
removing the treatment effect for pirfenidone at 7 years (which marks
the end of available trial data for pirfenidone), compared with a
continued treatment effect through to 10 and 14 years; the ICER

increased in all scenarios, for all 3 populations modelled.
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e Stopping rules: including a stopping rule for pirfenidone (that is, people

stop treatment if their percent predicted FVC declines by 10% or more

within any 12 month period) reduced the ICER substantially in all 3

populations modelled.

The changes in all other scenarios (including the addition of the lung

transplant health state) had a minimal impact on the ICER. The overall

range of ICERs compared with best supportive care, using the patient

access scheme price for pirfenidone, was £14,847 to £31,540 per QALY

gained. The results of the key scenario analyses described above are

presented in Table 19. The results of other scenario analyses, and results

for the 2 subgroups, are presented in tables 16—18 of the company’s PAS

submission template (pages 25—40).

Table 19 Cost-effectiveness results from the company scenario analyses with

the biggest impact on the ICER, all randomised patients

Scenario Total cost Total | Inc. cost Inc. | Pairwise ICER

(£) QALYs (£) QALYs vs. BSC

(E/QALY)

Base case 66,638 5.67 40,010 1.87 21,387

Time horizon

10 years 60,683 472 35,737 1.13 31,540

15 years 64,678 5.34 38,338 1.58 24,300
Overall survival

Gompertz model 64,362 5.20 38,366 1.51 25,360

72 week data 66,638 5.67 37,766 1.44 26,309
Treatment effect

Up to 7 years 66,638 5.67 37,985 1.48 25,776

Up to 10 years 66,638 5.67 39,218 1.72 22,865

Up to 14 years 66,638 5.67 39,815 1.83 21,731

Stopping rule for PFN 54,360 5.66 27,733 1.86 14,847

Abbreviations: BSC, best supportive care; ICER, incremental cost effectiveness ratio; Inc.,

incremental; QALY, Quality adjusted life year; OS, overall survival

Source: table 16 company PAS submission template (page 25)
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ERG comments

5.39

5.40

5.41

5.42

The ERG considers that it is more appropriate to conduct an economic
analysis separately within the mild and moderate subgroups, as the
comparators vary by subgroup, rather than considering all randomised

patients (which does not consider nintedanib as a comparator).

As described in section 5.23, the ERG considered that the company’s
base-case model produced a favourable estimate of the ICER for
pirfenidone because the company assumed that treatment benefit of
pirfenidone was maintained for the model duration. The ERG noted that in
the scenario analyses where the company assumed treatment effects
stops after 7, 10 or 14 years, the ICER increased. However, the ERG
considered that the estimates of the duration of treatment effect used in
the scenario analyses were arbitrary, and in its preferred based case it

used an optimistic and pessimistic assumption:

e optimistic: lifetime treatment effect, as in the company base case
e pessimistic: treatment effect stops at 2 years, approximately at the end

of the randomised clinical trial evidence.

The ERG considered that the company’s scenario analysis including a
stopping rule for pirfenidone probably underestimated the ICER, because
treatment duration and treatment outcomes were disconnected in the
company’s model (see section 5.5). This meant that the life-time costs of
treatment were reduced when the stopping rule was applied, but the

incremental QALYs were not reduced by the shorter duration of treatment.

The ERG highlighted discrepancies between the model’s prediction of
overall survival for people having best supportive care and the observed
trial data for patients who were randomised to placebo. The ERG noted
that the company did not comment on these discrepancies. In addition,
the ERG considered that the company’s comparison between the model

predictions with registry data for patients receiving best supportive care
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was inappropriate because the registry data does not match the trial data

for people randomised to placebo (see section 4.38).

ERG exploratory analyses

5.43

5.44

The ERG explained that it could not address all of the issues it had
identified in the company model without substantially restructuring it. It
also noted that changing the model was challenging because the
outcomes were disconnected from each other. The ERG was not able to
adequately amend the stopping rule within the company’s existing model
structure and therefore suggested that ICERs from scenario analyses
exploring the stopping rule should be interpreted with caution. The ERG
considered that the ICERSs involving the stopping rule are likely to be

favourable to pirfenidone when compared with best supportive care.

The ERG explored the following changes in 10 individual scenario
analyses (presented individually in tables 69 and 71 of the ERG report,
and tables 3-8 and of the ERG confidential appendix):

o Estimating treatment effect using the predictive distribution instead of
the median hazard ratio from the network meta-analysis, after
excluding SP3, based on trial data up to week 72. This scenario
required probabilistic, rather than deterministic, analyses to incorporate
the predictive distribution.

e Stopping the treatment effect of pirfenidone after 2 years
(approximately the end of follow-up of the randomised clinical trial
evidence).

¢ Including a stopping rule for pirfenidone (that is, people stop treatment
if their percent predicted FVC declines by 10% or more within any 12
month period).

¢ Modelling overall survival using the Gompertz distribution (rather than
the Weibull).

e Capping utility estimates at 1.0.
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Adjusting utility by age, based on the change in utility values observed
in the general population using data from the Health Survey for
England (Ara 2010).

Including costs associated with end of life for all people irrespective of
the cause of death.

Including titration in the first cycle based on data provided by the
company at the clarification stage (a different dose intensity is used
between the first and subsequent cycles).

Changing the mean dose of nintedanib, based on that observed in the
INPULSIS trials of nintedanib after dose reductions or interruptions
(96.4% of the indicated dose)

Correcting minor programming errors in the company model (described
in appendix 4 of the ERG report).

The ERG’s individual exploratory analyses showed that the ICERs were

sensitive to 4 changes:

the duration of extrapolation of the treatment effect of pirfenidone
(largest impact)

including a stopping rule for pirfenidone (large impact but ERG suggest
that results should be interpreted with caution)

using the ERG’s preferred estimate of the treatment effect (predictive
distribution using week 72 data and excluding SP3) (moderate to large
impact)

using the Gompertz rather than the Weibull distribution for overall

survival (moderate impact).

The results of these 4 individual scenarios, for pirfenidone compared with
best supportive care, are presented in Table 20 to Table 23. The ERG’s
results for pirfenidone compared with nintedanib are presented in the

confidential appendix to this document.
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Table 20 ERG exploratory analysis: treatment effect assumed to stop after 2

years (deterministic analysis)

Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)

All randomised patients
BSC 33,798 5.215
Pirfenidone 66,638 5.667 32,840 0.452 72,599
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 40,671 6.606
Pirfenidone 84,209 6.994 43,539 0.388 112,214
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)
BSC 31,180 4.690
Pirfenidone 61,035 5.138 29,854 0.449 66,503

@ The results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document

Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: table 76 (page 243) ERG report

Table 21 ERG exploratory analysis: including a stopping rule for pirfenidone

(deterministic analysis)

Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)

All randomised patients
BSC 26,627 3.797
Pirfenidone 54,360 5.664 27,733 1.868 14,847
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 31,729 4.824
Pirfenidone 65,740 6.989 34,011 2.165 15,707
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)
BSC 24,868 3.443
Pirfenidone 50,596 5.136 25,728 1.693 15,197

aThe results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document

Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: table 78 (page 245) ERG report
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Table 22 ERG exploratory analysis: ERG’s preferred estimate of the treatment

effect (probabilistic analysis)

Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)

All randomised patients
BSC 29,694 4.393
Pirfenidone 66,685 5.672 36,991 1.279 28,922
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 35,220 5.520
Pirfenidone 84,133 6.999 48,913 1.480 33,060
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)
BSC 27,683 3.995
Pirfenidone 61,097 5.157 33,414 1.162 28,766

@ The results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document

Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: table 79 (page 246) ERG report

Table 23 ERG exploratory analysis: Gompertz distribution for overall survival

(deterministic analysis)

Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)

All randomised patients
BSC 25,996 3.687
Pirfenidone 64,362 5.200 38,366 1.513 25,360
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 30,124 4.520
Pirfenidone 79,543 6.094 49,420 1.575 31,379
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)
BSC 24,430 3.374
Pirfenidone 59,276 4.776 34,846 1.402 24,855

aThe results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document

Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: table 77 (page 244) ERG report
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The results of the ERG’s probabilistic alternative base case, which
combines the changes from all of its exploratory analyses, are presented
in Table 24 and Table 25 (for the comparison between pirfenidone and
best supportive care; comparisons with nintedanib are presented in the
confidential appendix to this document). The ERG presented its
alternative base case as a range (most optimistic to most pessimistic
scenario) given the uncertainty about the extrapolation of the treatment
effect of pirfenidone (assuming either lifetime or 2 years). When the ERG
included the stopping rule for pirfenidone, the probabilistic ICERs for

pirfenidone compared with best supportive care ranged from:

¢ In all randomised patients: £27,124-£75,121 per QALY gained

¢ In the mild population (percent predicted FVC above 80%): £31,722—
£113,365 per QALY gained

¢ In the moderate population (percent predicted FVC 50-80%): £27,432—
£70,234 per QALY gained.

The ERG also presented the results of its alternative base case without a
treatment stopping rule for either pirfenidone or nintedanib. When the
stopping rules were removed, the probabilistic ICERs for pirfenidone

compared with best supportive care ranged from:

¢ In all randomised patients: £39,895-£115,751 per QALY gained

¢ In the mild population (percent predicted FVC above 80%): £49,921—
£186,260 per QALY gained

¢ In the moderate population (percent predicted FVC 50-80%): £39,166—
£104,915 per QALY gained.
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Table 24 ERG alternative base case, pessimistic assumption for duration of

treatment effect (2 years) including stopping rule for pirfenidone (probabilistic

analysis)
Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)
All randomised patients
BSC 34,430 4.610
Pirfenidone 57,048 4.911 22,618 0.301 75,121
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 39,063 5.501
Pirfenidone 66,794 5.745 27,731 0.245 113,365
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)?
BSC 32,081 4.20
Pirfenidone 53,249 4.50 21,169 0.30 70,234

@ The results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document

Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: table 83 (page 250) ERG report

Table 25 ERG alternative base case, optimistic assumption for duration of

treatment effect (lifetime) including stopping rule for pirfenidone (probabilistic

analysis)
Total cost | Total QALYs Inc. cost Inc. | Pairwise ICER vs.
(£) (£) | QALYs BSC (£/QALY)
All randomised patients
BSC 30,947 3.964
Pirfenidone 57,216 4.932 26,269 0.968 27,124
Mild idiopathic pulmonary fibrosis (% predicted FVC >80%)
BSC 35,035 4.757
Pirfenidone 66,796 5.759 31,761 1.001 31,722
Moderate idiopathic pulmonary fibrosis (% predicted FVC 50-80%)?
BSC 29,225 3.64
Pirfenidone 53,790 4.53 24,565 0.90 27,432

@ The results for pirfenidone compared with nintedanib are presented in the confidential
appendix to this document

Abbreviations: BSC, best supportive care; FVC, forced vital capacity; ICER, incremental cost
effectiveness ratio; Inc., incremental; QALY, quality-adjusted life year

Source: table 82 (page 249) ERG report
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Innovation
5.47 The company provided justifications for considering pirfenidone to be
innovative:

¢ Pirfenidone was the first treatment with a marketing authorisation for
idiopathic pulmonary fibrosis, and so represented a step change in the
management of the condition.

e The pre-specified pooled analysis of ASCEND and the CAPACITY
trials (n=1247) demonstrated pirfenidone to be the first and only
treatment to improve survival for people with idiopathic pulmonary
fibrosis; hazard ratio for pirfenidone compared with placebo: 0.52 (95%
confidence interval, 0.31 to 0.87; p=0.011). Long term data (RECAP)
support the effect on mortality.

¢ The clinical benefit with pirfenidone is comparable in people with earlier
(percent predicted FVC above 80%) and more advanced disease (FVC
below 80%).

e Pirfenidone is associated with health-related benefits which cannot be
adequately captured in the QALY calculation:

— Clinically meaningful reduction in dyspnoea (breathlessness),
measured on the University of San Diego Shortness of Breath
Questionnaire, which has a substantial impact on quality of life.

— Improved patient choice, based on different adverse event profile.

— Improved NHS capacity, through reducing inpatient stays attributed
to acute exacerbations.

— Impact on people of a working age (10% of patients are under 60).

6 Equality issues

6.1 No equality issues were raised in the consultee’s evidence submissions.

During the scoping process, the following issues were noted:

e Estimating a person’s percent predicted FVC using expected values
from the European Community of Coal and Steel (ECCS) reference
tables discriminates against some groups:
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— minority ethnic groups, particularly people of south Asian family
origin, where equations for predicting lung function are not
adequately developed

— older people, because the reference tables are derived from
populations under the age of 70 whereas the average age of people
with idiopathic pulmonary fibrosis is 72

— disabled people who have difficulty standing straight, because
percent predicted FVC is expressed as a percentage of the
predicted normal value for a person of the same height

e Using FVC alone to assess disease severity is discriminatory because
some people with idiopathic pulmonary fibrosis die when their percent

predicted FVC remains above 80%.

e People with percent predicted FVC above 80% have clinically

significant fibrosis and should be considered for treatment.

7 Authors

Sophie Laurenson

Technical Lead

Rosie Lovett

Technical Adviser

with input from the Lead Team (Mark Chapman and Sanjay Kinra).
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Appendix A: Clinical efficacy section of the draft European

public assessment report

http://www.ema.europa.eu/docs/en GB/document library/EPAR -
Public assessment report/human/002154/WC500103073.pdf
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal
Pirfenidone for treating idiopathic pulmonary fibrosis (review of TA282)

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of pirfenidone within its
marketing authorisation for treating idiopathic pulmonary fibrosis.

Background

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive lung disease in
which scarring (fibrosis) occurs. The cause of IPF is unknown although it is
thought to be related to an abnormal immune response. It is a difficult disease
to diagnose and requires a multidisciplinary team. Most people with IPF
experience symptoms of breathlessness, which may initially be only on
exertion. Cough, with or without sputum, is a common symptom. Over time,
these symptoms are associated with a decline in lung function, reduced
quality of life and death.

The rate of disease progression can vary greatly in people with IPF. The
median survival for people with IPF in the UK is approximately 3 years from
the time of diagnosis, but is generally longer for people with mild-to-moderate
IPF. Prognosis is difficult to estimate at the time of diagnosis and may only
become apparent after a period of careful follow-up. Although there are
challenges in assessing the severity of the condition, it is widely accepted that
severe idiopathic pulmonary fibrosis is defined as forced vital capacity (FVC)
less than 50% predicted and a diffusing capacity for carbon monoxide less
than 35% predicted. Therefore, mild-to-moderate idiopathic pulmonary fibrosis
could be assumed to include a FVC greater than or equal to 50% predicted
and a diffusing capacity for carbon monoxide greater than or equal to 35%.

The incidence of IPF is approximately 8 to 9 per 100,000 person-years, which
equates to more than 5000 new diagnoses each year in the UK. The
incidence is higher in men than women, and increases with age (median age
of presentation is 70 years).

The aim of treatment is to manage the symptoms and slow progression. NICE
clinical guideline 163 on the diagnosis and management of suspected
idiopathic pulmonary fibrosis recommends that best supportive care (including
symptom relief, managing co-morbidities, withdrawing therapies suspected to
be ineffective or causing harm, and end of life care) should be offered to
people from diagnosis and be tailored according to disease severity, rate of
progression and the person’s preference. If pharmacological treatment is
considered appropriate, NICE technology appraisal guidance 282
recommends pirfenidone if a person’s forced vital capacity (FVC) is between
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50% and 80% of their expected value. Preliminary guidance from an ongoing
NICE technology appraisal recommends nintedanib as an option for treating
idiopathic pulmonary fibrosis, in people with a percent predicted FVC of 50—
80%. Both technology appraisals recommend that treatment should be
stopped if there is evidence of disease progression (a decline in per cent
predicted FVC of 10% or more within any 12 month period). Lung
transplantation is an option if there are no contraindications.

NICE is reviewing the technology appraisal guidance 282 following publication
of the ASCEND study, which showed that people with a predicted FVC
greater than 80% could potentially benefit from treatment with pirfenidone.

The technology

Pirfenidone (Esbriet, Roche) is an oral immunosuppressant that is thought to
have anti-inflammatory and antifibrotic effects. Pirfenidone has a marketing
authorisation in the UK for treating mild to moderate IPF in adults.

Intervention(s) Pirfenidone

Population(s) Adults with mild to moderate idiopathic pulmonary
fibrosis

Comparators e Best supportive care

¢ Nintedanib (only for people with a percent
predicted FVC of 50-80%, subject to ongoing
NICE appraisal)

Outcomes The outcome measures to be considered include:
e pulmonary function parameters

e physical function

e exacerbation rate

e progression-free survival

e mortality

e adverse effects of treatment

e health-related quality of life.
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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.

The availability of any patient access schemes for the
intervention or comparator technologies should be taken
into account.

Other
considerations

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

If evidence allows, subgroup analysis by disease
severity, defined by FVC (such as above and below or
80% FVC) and/or diffusing capacity for carbon
monoxide, will be considered.

Related NICE
recommendations
and NICE
Pathways

Related Technology Appraisals:

Technology Appraisal No. 282, April 2013, ‘Pirfenidone
for treating idiopathic pulmonary fibrosis’.

Technology Appraisal in preparation, ‘Nintedanib for
treating idiopathic pulmonary fibrosis [ID752]’,
Anticipated publication date: January 2016.

Related Guidelines:

Clinical Guideline No.163, July 2013, ‘Idiopathic
pulmonary fibrosis: The diagnosis and management of
suspected idiopathic pulmonary fibrosis’. Review
Proposal Date June 2015.

Related Quality Standards:

Quiality Standard No. 79, January 2015, ‘Idiopathic
pulmonary fibrosis’.

http://www.nice.org.uk/guidance/qs79
Related NICE Pathways:

NICE pathway: Idiopathic pulmonary fibrosis, Pathway
created June 2013.

http://pathways.nice.org.uk/pathways/idiopathic-
pulmonary-fibrosis
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Related National
Policy

National Service Frameworks: Older People

Department of Health, November 2013, ‘NHS Outcomes

Framework 2014-2015’.
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APPENDIX C

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

Pirfenidone for treating idiopathic pulmonary fibrosis (review of TA282) [ID837]

Final matrix of consultees and commentators

Consultees Commentators (no right to submit or
appeal)
Company General
e Roche (pirfenidone) e Allied Health Professionals Federation
e Board of Community Health Councils in
Patient/carer groups Wales
e Action For Pulmonary Fibrosis e British National Formulary
e Afiya Trust e Care Quality Commission
e Black Health Agency e Department of Health, Social Services
e British Lung Foundation and Public Safety for Northern Ireland
e Equalities National Council e Healthcare Improvement Scotland
e Muslim Council of Britain e Medicines and Healthcare Products
e Muslim Health Network Regulatory Agency
e Pulmonary Fibrosis Trust e National Association of Primary Care
e South Asian Health Foundation e National Pharmacy Association
e Specialised Healthcare Alliance e NHS Alliance
e NHS Commercial Medicines Unit
Professional groups e NHS Confederation
e Association for Respiratory e Scottish Medicines Consortium
Technology and Physiology
e Association of Respiratory Nurse Comparator Company(ies)
Specialists e Boehringer Ingelheim (nintedanib)
e British Geriatrics Society
e British Thoracic Society Relevant research groups
e Primary Care Respiratory Society UK | ¢ Breathing Matters
e Royal College of General Practitioners | ¢ British Association for Lung Research
e Royal College of Nursing e Cochrane Airways Group
¢ Royal College of Pathologists e MRC Clinical Trials Unit
e Royal College of Physicians ¢ National Institute for Health Research
¢ Royal Pharmaceutical Society
e Royal Society of Medicine — Evidence Review Group
Intellectual Disabilities Forum e Evidence Review Group TBC
e UK Clinical Pharmacy Association e National Institute for Health Research
Health Technology Assessment
Others Programme
e Department of Health
e NHS England Associated Guideline Groups
e NHS Lincolnshire East CCG e National Clinical Guideline Centre
e NHS Greenwich CCG ) .
e Welsh Government Associated Public Health Groups
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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 not. 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

Pirfenidone for treating idiopathic pulmonary fibrosis (review of TA282) [ID837]
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APPENDIX C

Definitions:
Consultees

Organisations that accept an invitation to participate in the appraisal; the
manufacturer(s) or sponsor(s) of the technology; national professional organisations;
national patient organisations; the Department of Health and the Welsh Government
and relevant NHS organisations in England.

The manufacturer/sponsor of the technology are invited to prepare a submission
dossier, can respond to consultations, nominate clinical specialists and has the right
to appeal against the Final Appraisal Determination (FAD).

All non-manufacturer/sponsor consultees are invited to prepare a submission dossier
respond to consultations on the draft scope, the Assessment Report and the
Appraisal Consultation Document. They can nominate clinical specialists and/or
patient experts and have the right to appeal against the Final Appraisal
Determination (FAD).

Commentators

Organisations that engage in the appraisal process but are not asked to prepare a
submission dossier. Commentators are able to respond to consultations and they
receive the FAD for information only, without right of appeal. These organisations
are: manufacturers of comparator technologies; Healthcare Improvement Scotland;
the relevant National Collaborating Centre (a group commissioned by the Institute to
develop clinical guidelines); other related research groups where appropriate (for
example, the Medical Research Council [MRC], National Cancer Research Institute);
other groups (for example, the NHS Confederation, NHS Alliance and NHS
Commercial Medicines Unit, and the British National Formulary.

All non-manufacturers/sponsors commentator organisations can nominate clinical
specialists and patient experts to present their personal views to the Appraisal
Committee.

Assessment group

An independent academic group (commissioned by the National Institute for Health
Research (NIHR) Health Technology Assessment Programme (HTA Programme) to
assist in the appraisal) prepares an Assessment Report on the health technology (a
review of the clinical and cost effectiveness of the technology(ies)) based on a
systematic review of the manufacturer/sponsor and non-manufacturer/sponsor
submission dossier to the Institute.
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Quality-adjusted life year

Quality of life
Corrected QT interval
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RU
SD

SE
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SGRQ

SMC
SMPC

SOBQ
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SSD
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TGF-B
TID
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TNF-a
TORCH

TSD
TTD
TTO

ucsbD
SOBQ
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ULN
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Recommended daily dose
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Root mean square error
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Standard deviation

Standard error

Short Form (36) Health Survey

St Georges respiratory
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Scottish Medicines Consortium

Summary of product
characteristics
Shortness of Breath
Questionnaire
Standard of care

Blood oxygen saturation level
Sum of squared differences
Single Technology Appraisal
Treatment-emergent
Transforming growth factor-beta
Ter in die (Three times daily)
Total lung capacity

Tumour necrosis factor-alpha

Towards a Revolution in COPD
Health
Technical Support Document

Time to treatment discontinuation
Time trade off

University of California San Diego
Shortness of Breath
Questionnaire

Usual interstitial pneumonia

Upper limit of Normal
Vital capacity
World Health Organisation
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1 Executive summary

Idiopathic pulmonary fibrosis (IPF) is characterised by fibrosis of the lung interstitium
and is a debilitating and progressive disease of unknown cause. The disease leads
to an irreversible and continuing decrease in lung volume, and progressive
worsening of dyspnoea (i.e. shortness of breath) and lung function. (Zibrak and
Price, 2014, Oldham and Noth, 2014). The clinical course of IPF is unpredictable and
features periods of relative stability with a slow decline in lung function that may be
interspersed with episodes of stepwise deterioration in symptoms and acute

episodes of rapid respiratory deterioration.

Patients with IPF ultimately die from respiratory failure or a complicating comorbidity.
The prognosis for IPF is extremely poor with a median survival time in the UK of only
3 years from the time of diagnosis (Navaratnam 2011). This is a rate which exceeds
that of many cancers, and emphasises the severity of IPF and its impact on patients
(Vancheri, 2010).

There is currently no cure for IPF. The treatment goal is to slow disease progression
and prolong survival, whilst managing the patient’'s symptoms. As the irreversible
scarring of lung tissue occurs during the early stages of IPF, early intervention with
effective treatments which delay disease progression should be an important goal for

the management of the condition.

Pirfenidone (Esbriet®) was the first licensed treatment for IPF, with EU marketing
authorisation granted in February 2011. This medicine has an "orphan designation"
which means that it is used to treat life-threatening or chronically debilitating
conditions that affect no more than five in 10,000 people in the European Union. ltis
indicated in adults for the treatment of mild to moderate IPF. Whilst the exact
mechanism of action of pirfenidone has not been fully established, existing data
suggest that pirfenidone exerts both antifibrotic and anti-inflammatory properties
(EMC, 2015a)

In clinical practice, there are no accepted thresholds of percent predicted forced vital

capacity (FVC) used to define the disease severity of a patient with IPF, although
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there is a general acceptance that an FVC <50% predicted and diffusing capacity of
carbon monoxide (DLco) <35% predicted defines severe disease(NICE 2015¢). The
ATS/ERS/JRS/ALAT' guidelines also do not propose a formal staging system for
classification of disease severity (Raghu 2015).

NICE TA282 currently recommends pirfenidone in adult patients with a predicted
forced vital capacity (FVC) between 50% and 80%. NICE also recommend that
treatment should be stopped if a patient’s FVC falls by 210% in any 12 month period
(NICE 2013a).

Since this original submission in 2011 (presented to NICE by InterMune, the
Marketing Authorisation Holder of pirfenidone in the UK at the time), nintedanib has
also received EU approval, with a similar indication. NICE has recently
recommended nintedanib in line with the recommendations for pirfenidone in TA282
(NICE 2016). In patients with a preserved FVC, above this 80% threshold, there are
no licensed or NICE-approved therapies except best supportive care (BSC). Such

patients face a significant unmet need.

As IPF is a progressive and deteriorating disease, it is clear that preventing
irreversible loss of lung function is vital to allow these patients to remain functioning
as long as possible. Early treatment with pirfenidone has demonstrated similar
efficacy to treatment in patients with more severely reduced FVC. Compared to the
current restrictions around its use in clinical practice, pirfenidone provides a valuable
treatment option for patients who currently have to reach a significant level of
morbidity to be eligible to start a treatment which has been shown to slow that rate of

deterioration and prevent future morbidity and mortality.

Furthermore, the nature of IPF means that a prior decline in lung function does not
predict a future decline, and periods of stability can only be identified in retrospect.
Application of a stopping rule such as that described in TA282 is therefore
complicated, since progression with treatment does not always constitute treatment

failure.

U ATS: American Thoracic Society; ERS: European Respiratory Society; JRS: Japanese Respiratory Society;
ALAT: Latin American Thoracic Society
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This resubmission will present data from three pivotal randomised, placebo-
controlled, double-blind, phase lll trials in patients with IPF (ASCEND, CAPACITY-2
and CAPACITY 1), along with two supportive studies in Japanese patients (SP2 &
SP3). Data from ASCEND, along with the pre-specified pooled analysis of the pivotal
trials, were not available at the time of the original submission and add significant
new information to the evidence base for this review, as highlighted by the
consultees and commentators to this appraisal during the earlier scoping phase
(NICE 2015e). This important study was also accepted as evidence by the EMA and
included in the SmPC in 2014 (EMC 2015a).

Most significantly, the findings constitute the first time a treatment in IPF has
demonstrated a mortality benefit for patients. (King 2014 Suppl). Further analyses
found that the magnitude of clinical benefit offered through pirfenidone treatment was
comparable in both patients with earlier (FVC 280%) and more advanced IPF (FVC
<80%). This finding supports the prompt use of pirfenidone in IPF patients after
diagnosis, regardless of disease severity (Albera, 2015). The use of pirfenidone in
patients with mild IPF has been recommended by national agencies in a number of

countries, including Canada, Sweden and Switzerland.

Clinical effectiveness

Despite the classification of pirfenidone as an orphan treatment in the management
of IPF, its treatment benefit is supported by a wealth of clinical data from 3 large

randomised controlled trials, with almost 9 years of follow-up to date.

The three pivotal trials (ASCEND, CAPACITY 1 & 2) provide evidence for the safety
and efficacy of pirfenidone based on over 1300 IPF patients (King 2014; Noble
2011). Further evidence from the two Japanese studies (SP2 and SP3) provides
supportive data which are consistent to the findings from the pivotal trials (Azuma
2005; Taniguchi 2010). Overall, the use of pirfenidone in mild to moderate IPF
patients slows the rate of decline in FVC and improves survival. Pirfenidone also
reduced the decline in 6-minute walking distance (6MWD), thus demonstrating an
important functional outcome and reinforcing why pirfenidone is a valuable treatment

option for patients with IPF.
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A pooled analysis of ASCEND, CAPACITY 1 & 2 at Week 52 showed treatment with
pirfenidone reduced the proportion of patients with disease progression or death by
43.8%, and increased the proportion of patients with no decline in percent predicted
FVC by 59.3%, compared with placebo (p<0.0001) (Noble 2014a).

Treatment-emergent IPF-related mortality was lower in the pirfenidone group than
the placebo group in the pooled analysis of CAPACITY 1 & 2 (HR: 0.48 [95% CI:
0.24, 0.95] p=0.03). There was no significant difference in overall survival between
pirfenidone and placebo in these trials (which were not powered to assess OS)
(Noble 2011).

In ASCEND, pirfenidone significantly reduced the change in percent predicted FVC
or death compared to placebo at Week 52 (p<0.001) (King 2014). A similar effect
was seen in the absolute change in percent predicted FVC in CAPACITY 2
(p=0.001), but did not reach statistical significance in CAPACITY 1 (p=0.501) (Noble
2011).

The overall findings provide strong and consistent evidence for a clinically
meaningful benefit of pirfenidone on exercise tolerance and overall survival in IPF

patients.

Recent analyses also raise the possibility that pirfenidone might have salutary effects
beyond just the slowing in the rate of loss of lung function: a post-hoc analysis from
the pooled CAPACITY and ASCEND datasets has been shown that those patients
on pirfenidone with a =2 10% reduction in FVC have significantly less mortality than
those on placebo with a similar change (Nathan 2015a, Nathan 2016).

Substantial long-term exposure to pirfenidone (up to 8.8 years), together with post-
marketing experience, leads to a well described adverse-event profile. This
experience shows pirfenidone is well-tolerated, with a manageable side effect profile.
Safety results from all five RCTs demonstrate gastrointestinal and skin-related
events were more common in the pirfenidone group compared to placebo. However
the most common adverse events have typically been mild to moderate in intensity,

generally occur within the first six months of treatment, and infrequently led to drug
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discontinuation. There was no significant signal of an adverse effect on the

cardiovascular system.

The treatment effect of pirfenidone in slowing disease progression, symptom control,
and prolonging survival have been confirmed in real-world studies (Harari and
Caminati, 2015).

Indirect treatment comparison vs. nintedanib

As there is no head-to-head comparison between pirfenidone and nintedanib, a
network meta-analysis was performed to allow comparison between these two
treatment options (along with BSC). The results of our network meta-analysis (NMA)
show that pirfenidone is a more effective treatment compared to placebo in terms of
all-cause mortality, IPF-related mortality, progression free survival (PFS), FVC
outcomes, 6MWND, and shortness of breath questionnaire (SOBQ). Pirfenidone has
more data on more outcomes available than nintedanib to support its all-rounded

efficacy profile.

Base-case cost-effectiveness results

In the base-case analysis, the comparison of pirfenidone to BSC in patients with
mild-to-moderate |IPF (the intention-to-treat [ITT] population) led to additional costs of
I o<1 the patient’s lifetime (at list price). Treatment was associated with a
life-year and quality-adjusted life year (QALY) gain of 3.29 and 1.87, respectively.
This leads to an incremental cost-effectiveness ratio (ICER) of [l per QALY
gained. When compared to nintedanib in patients with moderate IPF, treatment with
pirfenidone is estimated to incur an additional cost of [ ilf and generate a QALY
gain of 0.92, leading to an ICER of ] (at list prices for both treatments).

Expert advisory Panel

This submission has been developed with input from an Expert Panel of Interstitial
Lung Disease (ILD) consultants;

e Helen Parfrey, Papworth Hospital NHS Foundation Trust
e Nazia Chaudry, University Hospital of South Manchester NHS Foundation Trust
e Felix Woodhead, University Hospitals Of Leicester NHS Trust
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e Toby Maher, Royal Brompton and Harefield NHS Foundation Trust

e Michael Gibbons, Royal Devon and Exeter NHS Foundation Trust
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1.1 Statement of 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 Adults with mild to moderate IPF Same as final scope issued by NICE N/A
Intervention e Pirfenidone Same as final scope issued by NICE N/A
Comparator(s) e Best supportive care Same as final scope issued by NICE N/A

¢ Nintedanib (only for people with a percent predicted FVC of

50-80%, subject to ongoing NICE appraisal)

Outcomes Outcome measures to be considered include: Same as final scope issued by NICE N/A

e Pulmonary function parameters

¢ Physical function

e Exacerbation rate

e PFS

e Mortality

e Adverse effects of treatment

e Health-related quality of life
Economic The reference case stipulates that the cost effectiveness of Same as final scope issued by NICE N/A
analysis 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.
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The availability of any patient access schemes for the intervention or
comparator technologies should be taken into account.

Subgroups to be | If evidence allows, subgroup analysis by disease severity, defined by | Same as final scope issued by NICE. N/A
considered FVC (such as above and below or 80% FVC) and/or diffusing Subgroup analysis by FVC and DLco
capacity for carbon monoxide, will be considered status at baseline was investigated,
but the available data only allowed
FVC to be assessed and reported in
this submission.
Special Guidance will only be issued in accordance with the marketing Same as final scope issued by NICE N/A

considerations

authorisation
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1.2

Description of the technology being appraised

Table 2. Technology being appraised

UK approved name
and brand name

Pirfenidone (Esbriet®)

Marketing
authorisation

Pirfenidone was granted EU marketing authorisation on the 28" February
2011 by the European Commission (EU/1/11/667/001; EU/1/11/667/002;
EU/1/11/667/003) (EMA, 2015a; EMC, 2015a).

Pirfenidone was designated orphan status on 16" November 2004 by the
European Commission (EMA EU/3/04/241) (EMA, 2015a).

Indications and any
restriction(s) as
described in the
summary of product
characteristics

Pirfenidone is indicated in adults for the treatment of mild to moderate IPF
(EMC, 2015a)

Method of
administration and
dosage

Pirfenidone is available in 267mg capsules, and is administered orally.
When initiating treatment, the dose should be titrated over a 14-day period
as follows (EMC, 2015a):

e Days 1 to 7: one capsule, three times a day (801 mg/day)

o Days 8 to 14: two capsules, three times a day (1602 mg/day)

o Day 15 onward: three capsules, three times a day (2403 mg/day)

The recommended daily dose of pirfenidone is three 267 mg capsules three
times a day with food (total dose: 2403 mg/day).

Guidance on dosing after a treatment interruption can be found in the
SMPC.

Dose adjustments are allowed for the management of AEs, and are
specified in further detail in the SMPC.

1.3

Summary of the clinical effectiveness analysis

ASCEND (PIPF-016) (King 2014)
ASCEND was a multinational, randomised, double-blind, placebo-controlled, Phase

[l trial designed to evaluate the efficacy and safety of pirfenidone 2403 mg/day

compared with placebo in patients with IPF (N=555). Patients were treated for 52

weeks. The primary endpoint was the change in FVC or death at Week 52 from

baseline.

e Primary endpoint was met: At Week 52, there was a relative reduction of

47.9% in the proportion of patients with a 210% decline in % predicted FVC or

death in the pirfenidone group as compared with placebo (p<0.001).
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e Relevant secondary endpoints: At Week 52, pirfenidone reduced the
relative risk of death or disease progression by 43% compared with placebo
(HR: 0.57 [95% CI: 0.43-0.77] p<0.001). Treatment with pirfenidone also
reduced the decline in 6MWD from baseline compared with placebo (p=0.04).
A decrease of 250m in 6MWD or death occurred in 25.9% (n=72) of patients
in the pirfenidone group compared with 35.7% (n=99) of patients in the
placebo group; relative reduction of 27.5% in the pirfenidone group (p=0.04).

o Key safety findings: Gastrointestinal (Gl) and skin-related adverse events
(AEs) were more common in the pirfenidone group than in the placebo group,
but were generally mild to moderate and reversible. Elevations in alanine or
aspartate aminotransferase levels (3x upper limit of normal [ULN]) occurred in
2.9% of patients receiving pirfenidone, vs 0.7% of patients receiving placebo.
All aminotransferase elevations were reversible without clinically significant
consequences. There were no significant or serious reports of cardiovascular

adverse events in the pirfenidone ftrials.

CAPACITY 1 and 2 (PIPF-006 and PIPF-004) (Noble 2011)

The CAPACITY programme consisted of two multinational, randomised, double-
blind, placebo-controlled, Phase lll trials designed to evaluate the efficacy and safety
of pirfenidone in patients with IPF compared with placebo. In CAPACITY 2 (study
004), 435 patients were randomised in a 2:1:2 ratio to pirfenidone 2403 mg/day
(n=174), 1197 mg/day (n=87), or placebo (n=174). In CAPACITY 1 (Study 006), 344
patients were randomly assigned in a 1:1 ratio to pirfenidone 2403 mg/day (n=171)
or placebo (n=173). Patients were treated for a minimum of 72 weeks. The primary

endpoint was change in % predicted FVC from baseline to Week 72 in both studies.

e CAPACITY 2 (PIPF-004) met its primary endpoint: At Week 72, pirfenidone
2403 mg/day significantly reduced the decline in FVC compared with placebo
(-8.0% vs. -12.4%; p=0.001). Mean change in % FVC in the pirfenidone 1197
mg/day group were intermediate to the pirfenidone 2403 mg/day and placebo

groups.
e CAPACITY 1 (PIPF-006) did not meet its primary endpoint: There was no
significant difference between pirfenidone 2403 mg/day and placebo in the
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mean change in % predicted FVC at Week 72 (-9.0% vs. -9.6%; p=0.501).
However, the study provided supportive data on treatment effect of
pirfenidone in patients with IPF. Significant treatment effect was evident at
every time point from Week 12 to Week 48, and in repeated-measures
analysis of % predicted FVC change over all assessment time points
(p=0.007). This difference in FVC outcomes between the two studies may
have been partly attributable to baseline imbalances. For example,
numerically more patients in CAPACITY 1 had been diagnosed with IPF 21
year, and more patients receiving placebo had higher incidence of obstructive
airway disease. Analysis of pooled CAPACITY 1 & 2 data showed a
significant pirfenidone treatment effect for this endpoint as described in the

next paragraph.

e Primary endpoint analysis of the pooled CAPACITY 1 & 2 population
showed statistical difference: There was a significant difference between
pirfenidone 2403 mg/day and placebo in the mean change in % predicted
FVC at Week 72 across the pooled patient populations (pre-specified
analysis: -8.5% vs. -11%; p=0.005).

¢ Relevant secondary endpoints from pooled CAPACITY 1 & 2
populations: In the pooled CAPACITY 1 & 2 population, the HR for
treatment-emergent IPF-related mortality favoured pirfenidone over placebo
and was statistically significant (HR: 0.48 [95% CI: 0.24-0.95]; p=0.03).
Treatment-emergent was defined as occurrence within 28 days of study drug
treatment. HRs for treatment-emergent all-cause mortality, overall all-cause
mortality and IPF-related mortality also favoured pirfenidone but were not
statistically significant. Exploratory analysis of pooled data from both studies
showed a statistically significant treatment effect with pirfenidone for the
following endpoints: PFS time (HR: 0.74 [95% CI: 0.57-0.96] p=0.025);
proportion of patients with a decline in % predicted FVC of 210% (p=0.003),
and mean change in 6MWD (p=0.0009). The treatment effect was evident by
Week 12 and persisted throughout the duration of the study.

o Key safety findings from pooled CAPACITY 1 & 2 populations: The most
frequently reported AEs in the pooled pirfenidone group were Gl disorders,
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skin disorders, and dizziness; these were generally mild to moderate in
severity. More patients in the pooled pirfenidone group had elevations in
alanine and aspartate aminotransferases (3x ULN) compared with placebo

(4% [n=14] vs.<1% [n=2]); all cases reversible without clinical consequences.

RECAP (PIPF-0012) (Costabel 2014, Fisher 2015, Kreuter 2014, Roche 2016a)
RECAP (PIPF-012) is an open-label extension of the ASCEND and CAPACITY
trials. The study was designed to assess the long-term safety of pirfenidone 2403
mg/day in patients with IPF who received 280% of scheduled doses, and completed
the Week 72 final study visit in CAPACITY 1 or CAPACITY 2. Patients in the
ASCEND study were also eligible to roll-over into RECAP, although no published
data analysis including ASCEND is available to date (Kreuter 2014, Roche 2016a).

As on-going open-label extension of three clinical trials, the RECAP study is not yet
complete. The most recent datacut was performed in June 2015, with analyses
based on summary data from this datacut presented at a recent congress (Fisher
2015). This includes survival data for pirfenidone, with patient data available through

to 8.8 years.

SP3 (Japanese Phase lll study) (Taniguchi 2010)

SP3 was a randomised, double-blind, placebo-controlled, Phase lll trial designed to
evaluate the efficacy and safety of pirfenidone vs. placebo in Japanese patients with
IPF (N=275). Patients were randomised in a 2:1:2 ratio to receive pirfenidone 1800
mg/day (n=108), 1200 mg/day (n=55), or placebo (n=104).

The Japanese population tend to have lower body weight than their European
counterparts, and therefore the doses used were lower than that of the multinational
studies ASCEND, CAPACITY 1 & 2.

Patients were treated for 52 weeks. The primary endpoint was the change in vital
capacity (VC) at Week 52.

e Primary endpoint was met: Pirfenidone was associated with improvements
in VC vs. placebo (-0.09 L vs. -0.16 L, respectively; p=0.0416).
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Relevant secondary endpoints: Pirfenidone improved PFS time compared
with placebo (p=0.028). Disease progression was defined as ‘death and/or

210% decline in VC from baseline’.

Key safety findings: Photosensitivity occurred in significantly more patients
with pirfenidone at both doses vs. placebo (p<0.01). Anorexia and elevated
gamma-glutamyl transpeptidase (GGT) levels were significantly more
common in the pirfenidone 1800 mg/day group vs placebo (p<0.01) (NB:
Generally, the higher the GGT level the greater the damage to the liver).
Despite this, pirfenidone was generally well-tolerated in IPF patients.

SP2 (Japanese Phase Il study) (Azuma 2005)

SP2 was a randomised, double-blind, placebo-controlled, Phase |l trial designed to

evaluate the efficacy and safety of pirfenidone vs. placebo in Japanese patients with

IPF. One hundred and nine patients were randomly assigned in a 2:1 ratio to receive

pirfenidone 1800 mg/day (n=73) or placebo (n=36).The primary endpoint was the

change in the lowest blood oxygen saturation level (SpO2) reached during a 6-

minute walk test (6MWT) from baseline to 9 months.

Primary endpoint was met: At 9 months, pirfenidone was not associated
with a significant change in the lowest SpO2 during 6MWT vs. placebo (0.47%
vs. 0.94%, respectively; p=0.0722).

Relevant secondary endpoints: At 9 months, there was a statistically
significant difference in decline of VC between pirfenidone and placebo (-0.03
L vs. -0.13 L; p=0.0366). Acute exacerbations of IPF were reported in 14%
(5/35) of the placebo group and not at all in the pirfenidone group (p=0.0031).

Key safety findings: Photosensitivity, stomach discomfort, anorexia, nausea,
heartburn, and fatigue were significantly more frequent in the pirfenidone
group compared with placebo (p<0.05). Elevated gamma-guanosine
triphosphate levels was more common in pirfenidone-treated patients than
placebo. Most adverse events disappeared with decrease of pirfenidone dose
or by temporarily withholding the medication. Skin photosensitivity was the
most common major adverse event that resulted in discontinuation or dose

reduction of pirfenidone.
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Network meta-analysis of pirfenidone vs. standard of care in patients with IPF
There are no head-to-head trials comparing pirfenidone with nintedanib in patients
with IPF, therefore a network meta-analysis (NMA) was conducted in order to
provide an indirect treatment comparison. This NMA was conducted to support
pricing and reimbursement submissions across all markets, and so also included N-
acetylcysteine (NAC) and triple therapy (combination treatment with prednisolone,

azathioprine and NAC) as comparator treatments.

Outcomes analysed in the NMA included: change in % predicted FVC, FVC in litres,
6MWD, Shortness of Breath Questionnaire (SOBQ), St. George’s Respiratory
Questionnaire (SGRQ) total score, mortality, PFS, acute exacerbations of IPF,

discontinuations of the study and of treatment.

For each outcome, the base case analysis included all Phase Il and Ill trials of
pirfenidone, nintedanib and NAC (King 2014; Noble 2011; Taniguchi 2010; Richeldi
2014; Martinez 2014; Richeldi 2011; Raghu 2012 ). SP2 was excluded from the
analyses as it was previously considered to be an outlier by NICE in the nintedanib
appraisal (NICE, 2015c).

The NMA results provide evidence that pirfenidone is a more effective treatment
compared to placebo in terms of all-cause mortality, IPF-related mortality, PFS, FVC,
6MWD, and SOBQ.

Across the clinical trial programmes, the NMA identified data available on more
outcomes for pirfenidone than that available for nintedanib, which led to some
restrictions within the comparisons made. Data on all outcomes were available for
the comparison of pirfenidone and placebo, and on all outcomes for the comparison
for both pirfenidone and nintedanib, with the exception of 6MWD, SOBQ, and PFS.

Strengths and limitations of the evidence
The evidence was identified by conducting extensive literature searches in a range
of databases, supplemented by manual searches of the websites of key regulatory

bodies. No limits were placed on language.
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Pivotal RCTs of pirfenidone vs. placebo in patients with IPF

Overall, all five trials (ASCEND, CAPACITY 1, CAPACITY 2, SP3 and SP2) were
considered to have a low risk of bias. All five studies were well-designed as RCTs,
reducing the risk of selection bias. All five trials used appropriate allocation

concealment methods.

Baseline characteristics were similar between intervention and control groups in all
five trials. IPF patients enrolled into the ASCEND and CAPACITY programme were
generally comparable to those seen in UK clinical practice (age, gender, disease
severity). As SP2 and SP3 were conducted in Japan, and Japanese people tend to
have lower body weight than people in the UK, there may be limitations on the

generalisability of these data.

There were no unexpected imbalances in drop-outs between treatment and control
groups. The results of all outcomes measured were described in the study
publications. All outcomes reported on the clinical trial registries for the studies have

been reported.

NMA of pirfenidone vs. standard of care in patients with IPF

An assessment of similarity of the studies eligible for inclusion in NMA was
undertaken, as well as a full assessment of risk of bias for each trial identified for
inclusion in the base case network. Due to safety concerns, the triple therapy arm
(prednisone, azathioprine, and NAC) of the PANTHER trial was terminated early
after a mean follow up of 32 weeks compared to the planned duration of 60 weeks.
This treatment arm was excluded from the principal analysis but did feature in a

sensitivity analysis.

A limitation of the NMA is that the number of studies in the networks is low, with 10
studies included in the base case analysis, which leads to uncertainty in the
estimates. Furthermore, within the network all active treatments are compared
directly to placebo but not to each other. Hence comparisons amongst active
treatments will be more uncertain than comparisons between placebo and active

treatments.
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A potential concern was how the key outcomes were measured. The trials differed in
their definitions of PFS and acute exacerbations. They also differed in how they
handled missing data and statistical analyses. Not all trials explicitly reported loss to
follow-up and discontinuation separately making it impossible to fully assess the

impact of missing data.

Due to the limited number of studies contributing to each network, a pragmatic
approach was adopted, whereby trials were included regardless of minor differences
in outcome definitions, timing of assessment and analysis methods. It was assumed
that the differences in definitions and methods did not influence the relative
treatment effects. Where multiple sets of results were available for a single trial, we

used the results from the method that was most consistently reported across trials.

1.4 Summary of the cost-effectiveness analysis

Economic analysis was undertaken to assess the cost-effectiveness of pirfenidone
for the treatment of mild to moderate IPF. The analysis was conducted using a three-
health-state area under the curve model, considering the proportion of patients in
“Pre-progression”, “Post-progression” and “Death” over the model time horizon.
Progression has been defined in line with the ASCEND clinical trial (King 2014):

e Confirmed 210% absolute decline in percent predicted FVC
e Confirmed 250m decline in 6MWD

Such a definition also accounts for views provided by consultees and commentators
during the scoping process for this re-review, in that capturing the impact of a
treatment on function beyond FVC-alone was an important consideration (NICE
2015e).

The 3 health-state structure, similar to that used in oncology models, was chosen
based on prior use by Loveman (Loveman 2014, Loveman 2015). It also allowed for
reduced complexity compared with the simulation model used within the previous
pirfenidone submission, which was deemed to add considerable complexity with no
added benefit in regards to the precision of cost-effectiveness estimates (InterMune

2011). This model structure is consistent with increasing evidence indicating that the
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fundamental hallmarks of cancer biology are comparable to those of IPF (Albera
2011). The model structure also considers acute exacerbations (dramatic, singular

events that are often fatal) as an important feature.

Resource use and quality of life data are based upon the progression, acute
exacerbation, and adverse events profiles for each treatment. The inclusion of lung
transplant within the model is tested via a sensitivity analysis. Quality of life data was
derived from the CAPACITY trials, using a published mapping algorithm to adjust
outcomes from the SGRQ to EQ-5D utility values (Freemantle 2015, Starkie 2011).
Resource use was based upon advice on UK clinical practice in IPF from a panel of
UK clinicians, stratified by treatment type and progression status; costing of these
used NHS Reference Costs, as agreed during the nintedanib appraisal (Boehringer
Ingelheim 2015, NICE 2016).

In line with the NICE scope, the model compares pirfenidone to BSC and nintedanib
(NICE 2015e). NICE has recently issued guidance that nintedanib is recommended
only for the treatment of patients with moderate IPF, and therefore the only
comparator chosen for ITT and mild patient populations was BSC (NICE 2015a,
NICE 2016). Within the model base case, the NICE-recommended stopping rule —
based upon progression status — is only applied to nintedanib. This is based upon
clinician feedback that the current stopping rule for pirfenidone may deny treatment
to patients who could derive a morbidity/mortality benefit, as there is no information
to indicate that these benefits are limited to patients whose lung function declines at
a slower rate (NICE 2015e).

The analysis was primarily based upon the results of the pivotal Phase Il clinical
trials of pirfenidone (CAPACITY and ASCEND), along with newly-available long-term
follow up data from the RECAP extension study (Costabel 2014, Fisher 2015, King
2014, Kreuter 2014, Noble 2011). Comparison to nintedanib was conducted via the
NMA, including all relevant Phase Il and Phase Il clinical trials (barring SP2 which
was identified as an outlier during the NICE appraisal for nintedanib) (NICE 2016,
Roche 2016).

The economic analysis was conducted in line with the NICE reference case, using

annual discount rates of 3.5% for both costs and QALYs. A 34-year model time
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horizon was utilised in order to ascertain the expected costs and outcomes for
patients over their lifetime. The model was constructed considering the perspective
of the National Health Service (NHS) and Personal Social Services (PSS).

Sensitivity analysis was conducted to establish the most influential parameters on
model results: assumptions regarding the long-term overall survival profile and
duration of treatment effect for pirfenidone and comparators were found to have the
largest effect. The main area of uncertainty is survival with comparator treatments,
due to the lack of equivalently robust long-term follow-up data for comparator

therapies. [N (scc Section 4.11;

Roche 2016a).

Pirfenidone is associated with substantial benefit compared with BSC in the ITT
population, with similar levels of cost-effectiveness demonstrated for the mild and
moderate subgroups. Pirfenidone provides benefits to patients both pre and post
progression (0.44 QALYs pre-progression; 1.44 post-progression vs BSC in the ITT
population), supporting the assertion that the economic-based stopping rule defined
in previous IPF submissions does not have a sound clinical basis. Pirfenidone is

also cost-effective when compared to nintedanib in patients with moderate IPF.

Despite the classification of pirfenidone as an orphan treatment in the management
of IPF, the treatment benefit estimated by the model is supported by a wealth of
clinical data from 3 large randomised controlled trials, with almost 9 years of follow-

up to date.

Base-case model results (assessed at the list prices for pirfenidone and nintedanib)
are shown for the ITT, mild and moderate populations; in Table 3, Table 4 and Table

5, respectively.
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Table 3: Base-case results — ITT population, list price

Total Incremental ICER (£)
TRT -
Costs () |LYG |QALYs |Costs(f) |LYG |QALYs z’gfl_‘;fs')"ase"“e
BSC [ 5.38 3.81
PFN | T 8.67 5.68 || 3.29 1.87 | R

Key: BSC, best supportive care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; PFN,
pirfenidone; QALYs, quality-adjusted life years.

Table 4: Base-case results — Mild population, list price

Total Incremental ICER (£)
TRT Versus
Costs (£) LYG QALYs Costs (£) | LYG QALYs baseline
(QALYs)
BSC - 7.11 4.84
PFN 11.26 7.00 ] 4.15 217 B

Key: BSC, best supportive care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; PFN,
pirfenidone; QALYs, quality-adjusted life years.

Table 5: Base-case results — Moderate population, list prices

Total Incremental ICER (£)
Versus Versus
LIS ((;‘)’Sts LYG QALYs g:‘)’s‘s LYG QALYs | baseline | baseline
(QALYS) (QALYS)
BSC 22,475 4.80 3.45
NTB 62,639 6.06 4.23 40,164 1.26 0.78 51,611 51,611
PFN 7.67 5.15 1.61 0.92

Key: BSC, best supportive care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; NTB,
nintedanib; PFN, pirfenidone; QALYs, quality-adjusted life years.
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2 The technology

On 29 September 2014, following a merger agreement on 24 August 2014,Roche
completed the purchase of InterMune. As part of this acquisition, all rights for
pirfenidone were transferred to Roche. This submission is based on the study
reports, datasets and analyses which have been made available to Roche since
September 2014.

2.1 Description of the technology

UK approved name: pirfenidone
Brand name: Esbriet®
Therapeutic class: Immunosuppressant

Whilst the mechanism of action of pirfenidone has not been fully established, studies
in animal models and cell cultures suggest that the drug affects the production of two
proteins, transforming growth factor-beta (TGF-f), which is involved in cell growth,
and tumour necrosis factor-alpha (TNF-a), which plays an important role in
inflammation. Existing data suggest that pirfenidone exerts both antifibrotic and anti-

inflammatory properties. (EMC, 2015a).

2.2 Marketing authorisation/CE marking and health technology

assessment

Pirfenidone was granted EU marketing authorisation on the 28th February 2011 by
the European Commission (EU/1/11/667/001; EU/1/11/667/002; EU/1/11/667/003)
(EMA, 2015a; EMC, 2015a). Prior to this, pirfenidone was designated as an ‘orphan
medicine’ (a medicine used in rare diseases) on 16th November 2004 by the
European Commission (EMA EU/3/04/241) (EMA, 2015a).

In the UK, pirfenidone is indicated for the treatment of adults with mild to moderate
IPF (EMC, 2015a).

Pirfenidone is contraindicated in patients (EMC, 2015a):
e With hypersensitivity to the active substance, or to any of the excipients;
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e With history of angioedema with pirfenidone;
e Who are using fluvoxamine;

e With severe hepatic impairment/end stage liver disease, and in patients with

severe renal impairment/end stage renal disease requiring dialysis

The SmPC for pirfenidone is included as Appendix 1, and the assessment report by
the EMA is included as Appendix 2 (EMA, 2011).

The Committee for Medicinal Products for Human Use (CHMP) discussed in the
assessment report both non-clinical and clinical aspects, as well as the benefit-risk

balance of pirfenidone.

Based on the CHMP review of data on quality, safety and efficacy, the CHMP
considered by consensus that the risk-benefit balance of pirfenidone for the
treatment of adults with mild to moderate IPF was favourable and therefore
recommended the granting of the marketing authorisation. No special conditions

were attached to the marketing authorisation, see Appendix 2.

Pirfenidone received marketing authorisation in the EU in 2011. Countries outside of

the EU that also have pirfenidone approval are listed in Table 6.

Table 6. List of countries where pirfenidone is licensed outside of EU

Country Year Brand
Argentina Not reported Fibridoner®
(Martindale, 2015)

Japan (FDA, 2014a) 2008 Pirespa®
India (FDA, 2014a) 2010 Pirfenex®
Canada (Health 2012 Esbriet®
Canada, 2012)

China (FDA, 2014a) 2013 Etuary®
USA (FDA, 2014b) 2014 Esbriet®
Mexico(FDA, 2014a) 2014 KitosCell LP®

This is a re-review of pirfenidone, considering the recommendations initially made by
NICE in TA282 (NICE, 2013a). The initial review of pirfenidone in IPF by NICE
concluded:
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“1.1 Pirfenidone is recommended as an option for treating idiopathic pulmonary
fibrosis only if:

e the person has a forced vital capacity (FVC) between 50% and 80% predicted
and

e the manufacturer provides pirfenidone with the discount agreed in the patient
access scheme.

1.2 Treatment with pirfenidone that is recommended according to 1.1 should be
discontinued if there is evidence of disease progression (a decline in per cent
predicted FVC of 10% or more within any 12 month period).

1.3 People currently receiving pirfenidone that is not recommended according to
1.1 should have the option to continue treatment until they and their clinician
consider it appropriate to stop.”

The review has been triggered by the availability of updated clinical data from the
ASCEND study (King 2014). This was a large Phase Il clinical trial initiated to further
investigate and quantify the efficacy benefit of pirfenidone, and support a request for
Marketing Authorisation to the FDA. A pre-specified pooled analysis of ASCEND
and CAPACITY 1 & 2 identified a 48% reduction in all-cause mortality (HR: 0.52
[95% CI: 0.31-0.87] p=0.011) and a 68% reduction in treatment-emergent IPF-
related mortality (HR: 0.32 [95% CI: 0.14-0.76] p=0.006) with pirfenidone over
placebo. These findings constitute the first time a treatment in IPF has demonstrated
a mortality benefit, and provides further evidence to support the continued usage of
pirfenidone (King 2014 Suppl).

Further analyses found that the magnitude of clinical benefit offered through
pirfenidone treatment was comparable in both patients with earlier (FVC 280%) and
more advanced IPF (FVC <80%). This finding supports the prompt use of pirfenidone

in IPF patients after diagnosis, regardless of disease severity (Albera, 2015).

There are also data from European registries which suggest that pirfenidone may
also be effective in patients who are more severe than those randomised in clinical
trials (Harari 2015).
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Based on these updated clinical data, this submission presents the clinical- and cost-
effectiveness of pirfenidone when used for the treatment of patients with mild-to-

moderate IPF, in line with the product's SmPC.

In August 2013, the SMC recommended pirfenidone for restricted use in the
treatment of IPF. The restriction limited use to patients with a FVC of <80%
predicted, and subject to PAS or a price that is equivalent or lower (SMC, 2013). No
stopping rule was imposed by the SMC.
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2.3

Administration and costs of the technology

Table 7. Costs of the technology being appraised

Cost Source
Pharmaceutical Hard capsule. Each capsule contains 267 mg pirfenidone. | EMC, 2015a
formulation Two piece capsules with a white opaque body and white
opaque cap imprinted with “PFD 267 mg” in brown ink and
containing a white to pale yellow powder.
Acquisition cost List prices: BNF, 2016
(excluding VAT)* e Starter pack: £501.92 (63 caps):
e 28 day pack: £2,007.70 (252 caps);
e 30 day pack: £2,151.10 (270 caps)
Method of Oral EMC, 2015a
administration
Doses Upon initiating treatment, the dose should be titrated to EMC, 2015a
the recommended daily dose of nine capsules per day
over a 14-day period as follows:
e Days 1to 7: one capsule, three times a day (801
mg/day)
e Days 8 to 14: two capsules, three times a day (1,602
mg/day)
o Day 15 onward: three capsules, three times a day
(2,403 mg/day)
The recommended daily dose of pirfenidone for patients
with IPF is three 267 mg capsules three times a day (total
of 2,403 mg/day).
Dosing frequency Three times a day EMC, 2015a
Average length of a Pirfenidone is administered until progression to severe EMC, 2015a
course of treatment IPF (i.e. % predicted FVC <50%) or unacceptable toxicity.
Average cost of a £2,151.10 every 30 days BNF, 2016
course of treatment
Anticipated average Continuous treatment until progression to severe IPF or EMC, 2015a
interval between unacceptable toxicity.
courses of treatments
Anticipated number of | Continuous treatment until progression to severe IPF or EMC, 2015a
repeat courses of unacceptable toxicity.
treatments
Dose adjustments If treatment is interrupted for 14 consecutive days or EMC, 2015a

more, the initial titration regimen should be repeated; if
treatment is interrupted for less than 14 consecutive days,
the dose can be resumed at the previous daily dose
without titration.

To manage adverse events dose may be reduced to 1-2
capsules (267 mg — 534 mg) 2-3 times/day with re-
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escalation to the recommended daily dose as tolerated.

Anticipated care Diagnosis and initiation of treatment occurs in a ILD EMC, 2015a
setting specialist centre with ongoing management as an
outpatient

* Indicate whether this acquisition cost is list price or includes an approved patient access scheme. When the
marketing authorisation or anticipated marketing authorisation recommends the intervention in combination with other
treatments, the acquisition cost of each intervention should be presented.

In line with recommendation 1.1 from NICE TA282 (NICE, 2013a), a patient access

scheme is currently in place for pirfenidone in England and Wales.

2.4 Changes in service provision and management

Pirfenidone is already used in current practice to treat patients with IPF, therefore,
there is no requirement for additional tests, investigations, infrastructure or patient
monitoring associated with this appraisal, and we do not anticipate any change to
current clinical practice. Furthermore, pirfenidone is a monotherapy and there is no

requirement for additional therapeutic intervention during treatment.

As pirfenidone is currently licensed for the treatment of mild to moderate IPF, we

anticipate minimal impact on resource use.

Pirfenidone is an oral medication which should be initiated and monitored by a
specialist physicians experienced in the diagnosis and treatment of IPF. There are 20
pulmonary fibrosis specialist centres in England which are currently authorised to
prescribe pirfenidone (BLF, 2014).

Patients requiring pirfenidone will receive supplies direct from the tertiary care
provider, or the tertiary care provider may arrange for supplies via Homecare. This
service, provided by Roche products, is available to patients at no cost to the NHS
and represents a considerable cost saving for the NHS. The savings to the NHS
cover the cost of courier fees, pharmacy technician costs to support the service and
the additional cost of supply due to VAT charges. At present approximately 60% of
all pirfenidone prescriptions are delivered through the Roche provided homecare

service
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Liver function monitoring is needed at regular intervals, and would be carried out by

either the specialist centre or under a shared care agreement with the patient’'s GP.

2.5 Innovation

Pirfenidone was the first treatment licensed for the management of IPF. As such, it
represented a significant step change in the management of this orphan disease at
the time of regulatory approval. IPF is ultimately a fatal disease, with mortality rates

that exceed those of many cancers (Vancheri 2010).

Following the original NICE appraisal (NICE TA282), which resulted in the
recommendation of pirfenidone in moderate IPF patients, the ASCEND study has
been published. The pooled clinical data across the ASCEND, CAPACITY 1 & 2
studies captures 1247 patients, of whom 623 received study treatment with
pirfenidone (the SP2 and SP3 clinical trials increase these totals to 1623 and 859,

respectively).

The pre-specified pooled analysis of the ASCEND and CAPACITY 1 & 2 studies
(N=1247) demonstrated pirfenidone to be the first and only treatment to significantly
improve survival for patients with IPF; pirfenidone compared with placebo showed a
48% reduction in all-cause mortality (HR: 0.52 [95% CI: 0.31-0.87] p=0.011) and a
68% reduction in treatment-emergent IPF-related mortality (HR: 0.32 [95% CI: 0.14-
0.76] p=0.006) (King 2014 Suppl)

Further analyses found that the magnitude of clinical benefit offered through
pirfenidone treatment was comparable in both patients with earlier (FVC 280%) and
more advanced IPF (FVC <80%). This finding supports the prompt use of pirfenidone

in IPF patients after diagnosis, regardless of disease severity (Albera 2015).

In comparison to other treatments for IPF — specifically, nintedanib — long-term data
are available which demonstrate the sustained treatment effect on mortality with
pirfenidone: RECAP (PIPF-0012), the open-label extension of the ASCEND and
CAPACITY trials, has recently evaluated data through to 8.8 years (see Section 4.11
Costabel 2014, Kreuter 2014, Fisher 2015, Roche 2016a). Findings are supportive
of thise from the clinical trial programme: pirfenidone has a vital role in preventing

early morbidity and deaths in IPF (Fisher 2015).
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Whilst the economic model supporting this appraisal is based on these clinical data,
some of the health-related benefits which have been identified in the trial programme

cannot be adequately captured in the QALY calculation. These benefits include:

e QALYs do not take into account a reduction in decline of IPF related
symptoms and the physical and social consequential benefits to the patient,
family and carer’s in reducing such decline. One example would include
dyspnoea as measured by SOBQ score. This health related outcome measure
is not included in the QALY calculation, despite patients reporting it having a
significant impact on their daily life in many studies/reports (FDA 2015, Swigris
2005). Pooled data from ASCEND, CAPACITY 1 & 2 showed pirfenidone
treatment reduced the proportion of patients who experienced a greater than
20 point increase in dyspnoea (as measured by SOBQ score) or death
(p=0.0471) (Noble 2014a) meeting a clear unmet clinical need. Given the final
guidance from NICE on the use of nintendanib in IPF (NICE, 2016),
pirfenidone is the only licensed treatment in IPF which could potentially be
used in patients with mild IPF. IPF is a chronic, progressive, and fatal lung
disease that is characterised by irreversible loss of lung function. Early
treatment to delay progression should, therefore, be an important goal for the
management of the condition. We note that clinical opinion heard during the
nintedanib appraisal strongly advocates for earlier access to treatments
(NICE, 2016), but this is not reflected in the prevailing guidance from NICE,

which is ultimately at the detriment of patients.

e improving patient choice, based on the different adverse-event profiles of
treatments for IPF. For example, nintedanib has special warnings and
precautions for use in patients with CV risk (EMC, 2015b). EMA has recently
requested Bl to update the nintedanib SmPC with a warning on the risk of
haemorrhage and epistaxis and new data on mild/moderate hepatic
impairment (EMA, 2015b). Pirfenidone is the only approved IPF treatment
without a special warning or precaution for use in patients at risk of

cardiovascular disease or bleeding (EMC, 2015a).

e improvement in NHS capacity, through a reduction in bed days for acute

exacerbations. At 52 weeks, the odds ratio for acute exacerbation with

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 38 of 305



pirfenidone compared with placebo (based on data from ASCEND,
CAPACITY 1 & 2; see Section 4.10) was 0.62. Based on the severity of

exacerbation events in IPF, this is also likely to include a reduction in ICU use.

e impact of treatment on population of a working age . Whilst the maijority of
patients are older, data from the UK BTS registry show that 10% of recorded
patients are aged under 60 and a further 34% are under 70,(BTS 2014) This is
consistent with data from USA which demonstrated between 22.5% to 28.4%
of IPF patients were aged under 65 depending on the exact definition of IPF
used.(Raghu 2006)

Based on these landmark findings from the clinical trials, we consider pirfenidone to
continue to be an innovative treatment, with a demonstrated significant impact on
patients’ lives — particularly those with FVC 280% predicted. Pirfenidone remains the
only treatment with evidence of prolonging patient survival, delaying disease

progression and improving patient symptoms.
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3 Health condition and position of the technology in

the treatment pathway

3.1 Disease overview

Provide a brief overview of the disease or condition for which the technology is being
used. Include details of the underlying course of the disease.

ILD is a family of diseases that causes progressive scarring of the lung tissue
through inflammation and fibrosis. IPF is the most common form of ILD, and is a
chronic debilitating and fatal disease with poor prognosis (Zibrak and Price, 2014).
The cause of IPF is unknown although it is thought to be related to an abnormal

immune response to an unknown cause.

Most people with IPF experience symptoms of breathlessness and cough (Oldham
and Noth, 2014). Over time, these symptoms are associated with a decline in lung
and physical function, reduced overall survival, and a devastating effect on a
patients’ quality of life. IPF and its associated complications (such as hospitalisation
for acute exacerbations) place a significant economic burden on the NHS. The
financial burden of IPF on NHS bed days in the UK alone has been estimated at
£16.2 million annually. Without intervention, this is expected to grow to over £20
million by 2020 (Navaratnam 2013).

The natural history of IPF is highly variable amongst individuals. Fortunate patients
will experience a slow decline in respiratory function after diagnosis. Some patients
will experience relatively stable periods with bouts of acute exacerbations, which
require hospitalisation for respiratory failure. Others will experience rapid

deterioration and progression leading to death (Ley 2011).

There is currently no cure for IPF. Due to the progressive and irreversible nature of
IPF, the goals of treatment are to reduce the rate of disease progression in order to

prolong survival, while optimally balancing benefit with safety and tolerability.
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3.2 Effects of the disease on patients, carers and society

Describe the effects of the disease or condition on patients, carers and society.

The burden of IPF on patients is significant and goes beyond respiratory limitations
and survival. Prior to death, patients with IPF suffer from dyspnoea, sometimes
presenting with a debilitating cough, which can negatively impact their quality of life
(QoL) (Swigris 2005). Dyspnoea is a strong driver in health-related quality of life
impairment (Nishiyama 2005). In addition to the obvious effect on physical health,
energy level, and respiratory symptoms, IPF patients are less likely to be
independent (Swigris 2005). Disability increases with the severity of the disease and
can make patients feel sad and fearful of losing their independence. After IPF
diagnosis, patients are less likely to participate in social activities with their families
and friends, which can further affect their mental and spiritual well-being (Swigris
2005).

IPF patients also have an increased risk of comorbidities, including pulmonary
hypertension, emphysema, pulmonary embolism, chronic bronchitis and pulmonary
infection which can worsen their QoL and survival (Collard 2012). As the incidence of
IPF is increasing in the UK, patients who do not receive effective treatment for their
IPF or comorbidities may have a negative impact on healthcare resources in the UK.
IPF usually first develops in adults aged 50 or above and is thought to be more
common in men (Navaratnam 2011). Societal costs may also be impacted, as the
disability brought on by IPF can cause patients to lose their job, causing uncertainties

around a family’s financial security (Swigris 2005).

3.3 Clinical pathway of care

The clinical pathway of care for patients with IPF in England and Wales is presented
in Figure 1. Best supportive care (BSC) is considered from the point of diagnosis,

and tailored to disease severity, rate of progression, and patient preference.

Patients who have received BSC and/or pharmacological treatment should be
referred for lung transplantation assessment if they wish to explore lung
transplantation and there are no absolute contraindications. For those patients who

do not receive a lung transplant the only option is use of pharmacological agents:
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Pirfenidone is licensed for the treatment of mild to moderate IPF, and is
currently recommended by NICE in adults with predicted FVC between 50-
80% under a patient access scheme. Treatment should be discontinued if
there is evidence of disease progression (a decline in predicted FVC of 210%)
within any 12 month period (NICE, 2013a).

Nintedanib has been recommended by NICE in final guidance (TA379) under
the same criteria as pirfenidone in TA282 (NICE, 2016).

N-acetylcysteine (NAC) can also be used for managing IPF, but its benefits
are uncertain. As part of the scoping process for TA282 in October 2011, it
was agreed that NAC was not an appropriate comparator: it is not licensed for
use in IPF, alone or in combination with other treatments (NICE, 2011). It was
also not considered an appropriate comparator in this appraisal, or that of
nintedanib (NICE, 2015c).

Patients who are not eligible to receive treatment with pirfenidone or nintedanib are

limited to BSC only (including symptom relief, managing co-morbidities, withdrawing

therapies suspected to be ineffective or causing harm, and end of life care) (NICE,
2013b).

This submission assesses the use of pirfenidone in line with its marketing

authorisation; i.e. in both mild and moderate patients:

For mild patients there is no active treatment option available in NHS clinical
practice — patients must wait for their disease to worsen before receiving

treatment

For moderate patients treatment with pirfenidone currently forms the standard

of care
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Figure 1. NICE pathway for managing IPF
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3.4 Life expectancy of people with the disease in England

IPF is ultimately fatal with mortality rates that exceed those of many cancers
(Vancheri 2010).

Prognosis is difficult to predict as the rate of progression can vary greatly. In the UK,
the median survival for people with IPF is 3 years from the time of diagnosis
(Navaratnam 2011), and only 20% of people with IPF survive for more than 5 years
(Kim 2006). It is estimated that there are 15 000 people living with IPF, and each
year there are 5000 new cases diagnosed, and 5000 deaths due to IPF
(Navaratnam, 2011).
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3.5

Guidance related to the condition

Provide details of any relevant NICE guidance, pathways or commissioning guides

related to the condition for which the technology is being used. Specify whether any

subgroups were explicitly addressed.

3.6

NICE TA282, April 2013. Pirfenidone for treating idiopathic pulmonary fibrosis
(NICE, 2013a)

NICE TA379, January 2016. Nintedanib for treating idiopathic pulmonary
fibrosis (NICE, 2016)

NICE CG13, July 2013. Idiopatpathic pulmonary fibrosis: the diagnosis and
management of suspected idiopathic pulmonary fibrosis (NICE, 2013b)

NICE QS79, January 2015. Idiopathic pulmonary fibrosis (NICE, 2015b)

NICE pathway, June 2013. Idiopathic pulmonary fibrosis (NICE, 2015a)

Other clinical guidelines

Provide details of other clinical guidelines (for example, UK guidance from the royal

societies or European guidance) and national policies.

An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline: Treatment of
Idiopathic Pulmonary Fibrosis. An Update of the 2011 Clinical Practice
Guideline (Raghu 2015): The strong clinical evidence in support of
pirfenidone has been recognised in the latest update to the international
consensus clinical practice guidelines for IPF. The guidelines now specifically
recommend pirfenidone as a viable treatment option in IPF, acknowledging its
FVC and mortality benefits: “This recommendation puts a high value on the
potential benefit of pirfenidone on patient-important outcomes such as disease
progression as measured by rate of FVC decline and mortality and a lower
value on potentially significant adverse effects and the cost of treatment.”.

BTS Guideline: Interstitial lung disease guideline: the British Thoracic
Society in collaboration with the Thoracic Society of Australia and New
Zealand and the Irish Thoracic Society (Wells 2008a): The therapeutic

benefit of pirfenidone in IPF has been recognised in this guideline, but it has

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary

fibrosis

Page 44 of 305



not been updated to reflect the safety and efficacy evidence from ASCEND,
CAPACITY 1 & 2 clinical trials.

3.7 Issues relating to current clinical practice

Describe any issues relating to current clinical practice, including any variations or

uncertainty about established practice.

Unmet need for patients with percent predicted FVC 280%: As IPF is a chronic
and irreversible disease, with permanent damage caused to the lungs through
scarring even at early stages of the disease, early treatment is warranted. Patients
who are not eligible for (or cannot tolerate) pirfenidone or nintedanib are limited to

only receive BSC, including all patients with FVC 280% predicted.

Lack of an agreed staging system in IPF - potential for misclassification using
percent predicted FVC: In clinical practice, there are no accepted thresholds of
percent predicted FVC used to define the disease severity of a patient with IPF,
although there is a general acceptance that an FVC <50% predicted and DLco <35%
predicted defines severe disease. The ATS/ERS/JRS/ALAT guidelines also do not
propose a formal staging system for classification of disease severity (Raghu 2015).
Other staging systems include the GAP index (Ley 2012), which includes age and
gender as predictors of mortality, along with % predicted DLco. The composite
physiology index adds forced expiratory volume in 1 second (FEV1) to FVC and
DLco predicted values (Wells 2003). There is not, however, an agreed staging

system used in UK clinical practice.

FVC values may not be fully reflective of the severity of the disease. Comments
submitted during the scoping stage of this appraisal, along with evidence heard from
clinicians during the NICE appraisal of nintedanib, emphasise that percent predicted
FVC can be hard to interpret in the presence of comorbidities, specifically it may be
elevated in the presence of emphysema thus masking significant lung disease.
These patients may benefit from treatment with pirfenidone but are not eligible under

the current NICE guidance.

Pirfenidone treatment is licensed for mild to moderate IPF patients in the UK. Pooled

analysis of the ASCEND, and CAPACITY 1 & 2 studies demonstrate the magnitude
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of treatment effect of pirfenidone on reducing the decline in FVC was comparable in
both patients with earlier (FVC 280%) and more advanced IPF (FVC <80%). This
finding supports the prompt use of pirfenidone in IPF patients with early disease after

diagnosis, regardless of percent predicted FVC (Albera, 2015).

Lack of clinical basis for a stopping rule: There is no cure for IPF. NICE currently
recommends the use of pirfenidone (or nintedanib) in adult patients with a predicted
FVC between 50% and 80%, and recommends stopping treatment if patient’'s FVC
falls by 210% in any 12 month period (NICE, 2013a; NICE, 2016).

The unpredictable and heterogeneous clinical course of IPF means that a prior

decline in lung function does not predict a future decline: periods of stability can only
be identified in retrospect. This implies that application of a stopping rule such as that
described in TA282 is complicated, since progression with treatment does not always

constitute treatment failure.

Analysis of outcomes from the three pivotal trials for pirfenidone showed that
following a FVC decline 210% with pirfenidone, continued pirfenidone treatment
significantly reduced the risk of death and increased disease stabilisation compared
to placebo patients who continued treatment with placebo following a FVC decline
=210%, see section 4.8 for further details (Nathan 2015a, Nathan 2016). These
findings are suggestive of a salutary treatment effect with pirfenidone, beyond just
the slowing in the rate of loss of lung function. The effects of pirfenidone on physical

function (as measured by 6MWD) could also play a role in longer-term survival.

In addition to this effect on mortality beyond FVC alone, these finding also make
clear that there should be no empirical rule for stopping treatment in a real-life

setting, and pirfenidone should be continued in case of significant FVC progression.

Such a view is supported by comments submitted during the scoping stage of this
appraisal. Stakeholders commented that the use of such a rule: “may deny
treatment to patients who may derive a morbidity/mortality benefit as there is no
information to indicate that these benefits are limited to patients whose lung function

declines at a slower rate” (NICE, 2015e)
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3.8 Equality

Roche Products Ltd. does not believe that the use of pirfenidone will be associated

with any equality issues.
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4

Clinical effectiveness

A systematic literature review identified 10 RCTs of interest which enabled an
indirect comparison on outcomes relevant to the decision problem

Despite the classification of pirfenidone as an orphan treatment in the
management of IPF, its treatment benefit is supported by a wealth of clinical data
from 5 large randomised controlled trials (n=1716), with almost 9 years of follow-
up to date.

The primary studies (ASCEND, CAPACITY 1 & 2) are well-designed RCTs
ranging from 9 months to 72 weeks. These are complemented by long term data
capture from the RECAP study, providing evidence of treatment benefit up to 8.8
years.

The median survival for a patient diagnosed with IPF is 3 years (Navaratnam
2011), and prolonging survival is important goal in order to allow patients to gain
extra quality time with their families.

Pirfenidone is the first and only treatment with a proven mortality benefit in IPF.
The pre-specified pooled analysis of ASCEND, CAPACITY 1 & 2 at 52 weeks
demonstrated pirfenidone to significantly reduce the mortality rate compared to
placebo (HR=0.52; 95% CI: 0.31-0.87; p=0.011) (King 2014; Noble 2011).

Lung function is an established predictor of outcome and the primary endpoint in
most studies of IPF. In the ASCEND study, pirfenidone significantly reduced the
change in percent predicted FVC or death compared to placebo at Week 52
(p<0.001). A similar effect was seen in the absolute change in percent predicted
FVC in CAPACITY 2 (p=0.001), but did not reach statistical significant in
CAPACITY 1 (p=0.501)

In a sub group analysis from the pooled data from CAPACITY 1&2, those patients
diagnosed more than a year before randomisation experienced a significantly
greater treatment effect supporting

Overall, safety results from the clinical study programme showed that pirfenidone
was well-tolerated with a manageable side effect profile. Gastrointestinal and
skin-related events were more common in the pirfenidone group compared to
placebo, but rarely led to treatment discontinuation
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4.1 Identification and selection of relevant studies

Search objective

The objective of this systematic review is to assess the efficacy and safety of
pirfenidone and its comparators for the treatment of adult patients with mild to
moderate IPF as per the decision problem. A search strategy was developed using
PICOS elements to identify relevant studies for the technology. The literature search
was conducted to identify RCTs of pirfenidone for the treatment of IPF, or any
comparator studies in IPF to be used in a NMA. For the purpose of the systematic
review of pirfenidone in IPF, only pirfenidone studies will be summarised in section
4.1, with results for comparator treatments described in section 4.10 of this

submission.

The systematic literature review was conducted according to the NICE guide to the
methods of technology appraisal 2013 and therefore adhered to the Centre for
Reviews and Dissemination guidance for undertaking systematic reviews in health

care.

A detailed search strategy for the systematic literature review can be found in
Appendix 3. The strategy was designed to search for three concepts, structured as

follows:

(IPF AND RCTs) OR pirfenidone

For the population and intervention concepts, the strategy took a sensitive search
approach (both in structure and choice of terms). Given the reasonably low search
retrieval numbers and the range and extent of interventions relevant to the indirect
and mixed treatment comparisons, it was decided to not include specific terms for
these interventions. The approach taken therefore maximises sensitivity — aiming to
identify all RCTs in IPF, including interventions of interest. For the same reason (and
again in the context of low retrieval numbers) it was decided to search on pirfenidone

as an additional stand-alone concept.
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Systematic searches were conducted in October 2011 to inform the InterMune NICE
STA submission. The searches reported in this review were update searches to
identify any literature published since October 2011. The searches were limited to
the following records:

e Those added to the databases from January 2011 onwards;

e Those updated or indexed from January 2011 onwards;

e Those published from January 2011 onwards.

These dates reflect a conservative search approach to ensure records were not
missed. The searches in the database and congress proceedings were conducted in
April 2015.

The following sources were searched:

e Cochrane Central Register of Controlled Trials (CENTRAL)
e Cochrane Database of Systematic Reviews (CDSR)

e Database of Abstracts of Reviews of Effectiveness (DARE)
e Embase 1974 to 2013 December 19

e Health Technology Assessment database

e Ovid MEDLINE® in-process and other non-indexed citations
e Ovid MEDLINE® 1946 to present

e European Respiratory Society congress abstracts

e British Thoracic Society congress abstracts

e American Thoracic Society conference abstracts

e \World Association for Sarcoidosis and Other Granulomatous Disorders

conference abstracts

The reference list of relevant studies, papers and review articles were hand-searched
for potentially relevant additional studies that may have been missed in the database

searches.
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Study selection for RCTs

The selection of the relevant RCTs was based on the eligibility criteria (Table 8) and

was conducted in two phases as detailed below:

Phase 1:

The title and abstracts of the search results were assessed and categorised based
on the eligibility criteria. Irrelevant records (such as animal studies, editorials, case
reports and studies of conditions and interventions outside of the systematic review
scope) were removed and the number of records removed was recorded. This

process was undertaken by a single experienced information specialist.

Phase 2:

Full-text records were assessed in detail to select those addressing the review
eligibility criteria. This assessment was undertaken by two independent researchers,
with disagreements discussed and a third researcher involved when required.

Where there was uncertainty about the relevance of a record based on the abstract it

was included.

Electronic or paper copies of potentially relevant full papers meeting the systematic

review inclusion criteria were obtained.
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Table 8. Eligibility criteria used in the search strategy for RCTs

Clinical
effectiveness

Inclusion criteria

Exclusion criteria

e Lung capacity (VC/FVC)

e Categorical declines in FVC

e Gas transfer (carbon monoxide diffusing
capacity [DLco])

Physical function

e  Physical functioning (6MWD)

Exacerbation rate

e Hospitalisations

e Acute exacerbations

Progression-free survival

Mortality

e  All-cause mortality

e |PF-related mortality

AEs of treatment

HRQoL
e St George’s Respiratory Questionnaire
(SGRQ)

e University of California, San Diego
Shortness of Breath Questionnaire
(SOBQ)

e EuroQol five dimensions questionnaire
(EQ-5D)

Population Adults (aged 18 or older) with suspected or Studies of children and young people <18 years
diagnosed IPF Studies of people with a diagnosis of pulmonary
fibrosis as a complication of either of the following:
e Connective tissue disorders
e A known exogenous agent (for example,
drug induced disease or asbestosis)
Intervention Pirfenidone Any studies not containing pirfenidone
Comparators | Any comparator; N/A
e Best supportive care* (placebo)
¢ Nintedanib
Outcomes Pulmonary function parameters e Anticoagulation for the treatment of

pulmonary hypertension

e Treatment of lung cancer

e Lung transplantation other than timing and
referral

Study design

e  Studies in humans
e Phasellorlll RCTs

e  Studies published as abstracts,
conference presentations or press
releases were eligible if adequate data
were provided

e Systematic reviews of RCTs**

e Cross-over RCTs

Language

No language limits

No language limits

rehabilitation

*Best supportive care is defined as information and support, symptom relief, management of comorbidities, withdrawal
of therapies suspected to be ineffective or causing harm, end-of-life care, oxygen therapy and/or pulmonary

**Systematic reviews were eligible for inclusion as a source of references to primary studies
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Results

The search identified 6295 records from databases, registries, congress proceedings
and reference lists of relevant articles (including 23 records from the original
InterMune submission). Following the removal of duplicated records, the title and
abstracts of 4394 records were screened against the eligibility criteria and 2407
records were further excluded. 116 full text documents were assessed against the
eligibility criteria and as a result, 32 documents were identified which reported data

on five RCTs of pirfenidone in IPF:
e PIPF-016 (ASCEND) 3 documents
e PIPF-006 and PIPF-004 (CAPACITY 1 and 2) 18 documents
e SP3 (Japanese Phase Il study) 9 documents

e SP2 (Japanese Phase Il study) 2 documents

A flow diagram of the numbers of studies included and excluded at each stage of
selection process is provided in Figure 2. The systematic literature review identified
10 RCTs of interest which enabled an indirect comparison on outcomes relevant to
this submission. RCTs of pirfenidone in IPF are summarised in sections 4.5 to 4.7,

whilst RCTs of comparators in IPF can be found in section 4.10.

RECAP is an open-label extension to the ASCEND and CAPACITY trials, and will be

described in section 4.11.
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Figure 2. Flow diagram showing the study identification process

Records identified through

database searching:

CENTRAL 576

CDSR 68

DARE 21

HTA 7

Embase 3312

Ovid MEDLINE 1050

PubMed 1143
(n=6,177)

v

Additional records identified through
other sources:

ERS congress abstracts 45

BTS congress abstracts 21

ATS congress abstracts 23

World Association for Sarcoidosis and

Other Granulomatous Disorders 4

Other 23
(n=116)

A 4

Records after duplicates removed
(n=4,394)

A

Records screened |
(n=4,394) "

Records excluded
(n=2,407)

\4

Full-text documents
assessed for eligibility
(n=116)

Full-text documents
excluded
(n=60)

\ 4

Documents meeting the inclusion
criteria
(n=32 records)
Reporting data for 5 RCTs:
ASCEND, CAPACITY 1 & 2, SP3, SP2

Additional 5 RCTs were identified for
inclusion in NMA
(n=24 records)
INPULSIS 1 & 2, TOMORROW,
PANTHER, IFIGENIA

Records were divided into two groups: primary and associated references. Primary

references presented original evidence and thus selected for data extraction.

Associated references presenting additional data not already reported in the primary

manuscript will be summarised within this submission.
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Table 9. List of primary manuscripts and associated references for each trial

Study Name

References

ASCEND

Primary manuscript

King TE et al. N Engl J Med 2014; 370 (22): 2083-2092

Associated references

Manuscript

Lederer DJ et al. Chest 2015; 148(1): 196-201

Congress abstract

King TE et al. Am J Respir Crit Care. 2014: A6602.

CAPACITY 2
(PIPF-004) and
CAPACITY 1
(PIPF-006)

Primary manuscript

Noble PW et al. Lancet 2011; 377 (9779): 1760-9.

Associated references

Manuscript

King TE et al. Am J Respir Crit Care. 2014;189(7):825-31.

Valeyre D et al. Respirology. 2014;19(5):740-47.

Kreutzkamp B. Krankenhauspharmazie. 2014;35(9):2142-43

Congress abstracts

Costabel U et al. Am J Respir Crit Care. 2010;181 (Meeting Abstracts 1)

King TE et al. Am J Respir Crit Care. 2011;183 (Meeting Abstracts 1):[A5302].

Noble PW et al. Am J Respir Crit Care. 2010;181 (Meeting Abstracts
1):[A1257].

Sahn SA et al. Am J Respir Crit Care. 2011;183 (Meeting Abstracts 1):[A3810].

Sahn SA et al. Am J Respir Crit Care. 2010;181 (Meeting Abstracts 1):[A6025].

Valeyre D et al. Am J Respir Crit Care. 2010;181 (Meeting Abstracts
1):[A6026].

Costabel U et al. ERS Annual Congress, Barcelona, Spain, September 18-22;
2010. p. [388].

Noble P et al. ATS International Conference, May 15-20, San Diego; 2009. p.
A1129 [Poster #216].

Noble PW et al. ATS International Conference, May 15-20, 2009 San Diego;
2009. p. [C98].

Roskell R et al. ERS International Congress 2014. Munich: European
Respiratory Society; 2014. p. [A1905].

Albera C et al. ERS International Congress. Barcelona; 2010. p. [A389].

Du Bois R et al. ERS International Congress. Vienna; 2009. p. [A2823].

Valeyre D et al. ERS International Congress. Barcelona; 2010. p. [A391].

Karimi-Shah BA et al. N Engl J Med. 2015;372(13):1189-91.

SP3

Primary manuscript

Taniguchi H et al. European Respiratory Journal. 2010; 35 (4): 821-829.

Associated references

Manuscript

Azuma A et al. Respiratory Research. 2011;12:[143].

Congress abstracts

Ebina M et al. Am J Respir Crit Care. 2010;181 (Meeting Abstracts 1):[A3988].

Taniguchi H et al. Resp Res. 2011;12:[93].

Ogura T et al. ATS annual conference, May 16-21, 2008, Toronto; 2008. p.
[A768].
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Baba T. Asian Pacific Society of Respirology 14th Congress. Seoul; 2009. p.
[A375].

Ebina M et al. ERS International Congress. Vienna; 2009. p. [P666].

Taguchi Y et al. ERS International Congress. Barcelona; 2010. p. [A390].

Taniguchi H et al. ERS International Congress. Amsterdam; 2011. p. [A649].

SP2 Primary manuscript

Azuma A et al. Am J Respir Crit Care. 2005; 171 (9): 1040-1047

Associated references

Congress abstract

Azuma, A et al. Am J Respir Crit Care, 2002. Abstract A729.

The clinical effectiveness summary of the pirfenidone trials is based on data from the
primary manuscripts and clinical study reports (CSRs). Congress abstracts will be

summarised if the outcome has not already been reported in the primary manuscript.

We are also aware that the following publication has been recently published, which

has not been captured in the literature search:

e Noble PW, Albera C, Bradford WZ. Pirfenidone for idiopathic pulmonary
fibrosis: analysis of pooled data from three multinational Phase 3 trials.
European Respiratory Journal 2015; doi: 10.1183/13993003.00026-2015

e Albera C. Pirfenidone is efficacious in Patients With Idiopathic Pulmonary
Fibrosis (IPF) and Mild Restrictive Disease: Benefit of Early Intervention. Oral
presentation presented at ATS annual congress 2015; 15-20 May; Denver,
USA

The outcomes for each study included in this pooled analysis have been reported in
the primary manuscripts of each study (which were used for the NMA). The exclusion
of this publication therefore does not affect the NMA results. A list of excluded

studies can be found in Appendix 4.

4.2 List of relevant randomised controlled trials

Five studies were identified that met the inclusion criteria, providing evidence of
pirfenidone in IPF; ASCEND (Phase IIl), CAPACITY 1 & 2 (Phase lll), SP3 (Phase
[l), and SP2 (Phase Il). All studies compared pirfenidone to placebo. There are no
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head-to-head studies comparing pirfenidone to nintedanib. A summary of the
identified RCTs are listed in Table 10.

All the relevant studies which have been identified from the literature search and

have met the selection criteria have been included in this report.
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Table 10. List of relevant RCTs

Trial number Patient population & enrolment criteria Intervention Comparator Primary study ref.
x:)crz: ::::i)ents Country FVC (or VC); %- DLco; %-

: predicted predicted
PIPF-016 Multi-national 50-90% 30-90% Pirfenidone (p.o.) 2403 | Placebo King 2014
(ASCEND) mg/day
n=555
PIPF-004 Multi-national 250% FVC or Hgb- Pirfenidone (p.o.) 2403 | Placebo Noble 2011
(CAPACITY 2) corrected DLco | mg/day or 1197
n=435 <90% mg/day
PIPF-006 Multi-national 250% FVC or Hgb- Pirfenidone (p.o.) 2403 | Placebo Noble 2011
(CAPACITY 1) corrected DLco | mg/day
n=344 <90%
SP3" Japan Not reported Not reported Pirfenidone (p.o.) 1800 | Placebo Taniguchi 2010
n=275 mg/day or 1200mg/day
SP2’ Japan Not reported Not reported Pirfenidone (p.o.) Placebo Azuma 2005
n=107 1800mg/day

* SP3 and SP2 enrolled patients with IPF who met the following arterial oxygen saturation measured by pulse oximetry (Sp,02) criteria:
o 1) oxygen desaturation of 25% difference between resting Sp,02 and the lowest Sp,02 during a 6-min steady-state exercise test (6MET); and
o  2)the lowest Sp,02 during the 6MET of 285% while breathing air.
Full inclusion exclusion criteria are described in Appendix 5

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary fibrosis

Page 58 of 305




4.3 Summary of methodology of the relevant randomised

controlled trials

ASCEND (PIPF-016) (King 2014; InterMune, 2014)

Trial design: ASCEND was a Phase lll, double-blind, randomised, placebo-
controlled, 52-week study designed to provide additional evidence of the effect of
pirfenidone on disease progression in IPF patients. Patients were randomly assigned
(1:1 ratio) to receive either oral pirfenidone 2403 mg/day or placebo using permuted

block randomisation, without stratification on any variable.

Participants: Eligible participants were all adults aged between 40-80 years whom
received a centrally confirmed clinical and radiographic diagnosis of IPF. Key criteria
for enrolment include 50-90% of the predicted FVC, 30-90% of the predicted DLco,
FEV1:FVC ratio of 20.80, and a 6MWD of 2150 m. A comprehensive list of the

inclusion and exclusion criteria can be found in Appendix 5.

Study settings: The multicentre study was conducted in 127 investigational sites in
nine countries (US, Australia, Peru, Brazil, Israel, Mexico, New Zealand, Croatia, and

Singapore).

Interventions: In the ASCEND (PIPF-016) study, patients received pirfenidone or
placebo equivalent orally in three equally divided doses with food at the same time
each day, with the dose gradually increased over 14 days to the full dose. The study

drug was titrated according to the following schedule:
e Days 1-7: One capsule TID
e Days 8-14: Two capsules TID

e Day 15 and continuing: Three capsules TID (full dose)

For those assigned to the pirfenidone study group, each capsule contained
pirfenidone 267 mg. Pirfenidone and placebo capsules were supplied as opaque,
hard, white gelatin capsules that were visually indistinguishable, with identical

packaging and labeling.
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Patients remained on a stable maintenance dose for the duration of the study unless
the dose was reduced to manage an AE. It was the responsibility of the investigator
to monitor patients as frequently as clinically indicated for toxicities and to manage
the patient accordingly. The ultimate decision regarding study treatment interruption,

restart, and dose modification was the responsibility of the investigator.

Outcomes: The primary outcome was the change in FVC or death at Week 52.
Secondary outcomes were the 6MWD, PFS, dyspnoea, and death from any cause or
from IPF. Physical examination and clinical laboratory assessments were performed
at baseline and at Weeks 2, 4, 8, 13, 26, 39, and 52. Pulmonary function, exercise
tolerance, and dyspnoea were assessed at baseline and at weeks 13, 26, 39, and
52. Central reviewers of Biomedical Systems, who were blinded to the study drug
assignments, evaluated all FVC results for adequacy and repeatability, according to
the ATS criteria.

CAPACITY 2 (PIPF-004) and CAPACITY 1 (PIPF-006) (Noble 2011)

Trial design: CAPACITY 1 & 2 were concurrent studies designed to confirm the
effect of pirfenidone on reduction of decline in lung function in IPF patients. Both
were Phase lll, double-blind, randomised, placebo-controlled, multicentre studies

evaluating the safety and efficacy of pirfenidone in IPF patients.

In CAPACITY 2, participants were randomly assigned (2:1:2 ratio) to receive oral

pirfenidone 2403 mg/day, pirfenidone 1197 mg/day, or placebo.

In CAPACITY 1, participants were randomly assigned (1:1 ratio) to receive oral
pirfenidone 2403 mg/day or placebo.

Participants: Eligible patients were 40-80 years with a diagnosis of IPF in the
previous 48 months, with no evidence of improvement in measures of disease
severity over the preceding year. Key criteria for enrolment include percent predicted
FVC 250%, predicted DLco 235%, either FVC or Hgb-corrected DLco <90%, 6MWD
=150m. Exclusion criteria include patients with obstructive airway disease,
connective tissue disease, alternative explanation for interstitial lung disease, and
being on a waiting list for lung transplant. A comprehensive list of the inclusion and

exclusion criteria can be found in Appendix 5.
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Study settings: The studies were conducted in 110 investigational sites in thirteen
countries (US, Canada, Italy, Germany, France, Spain, UK, Australia, Belgium,

Poland, Ireland, Mexico, and Switzerland).

Interventions: Patients received the study drug (pirfenidone or placebo equivalent)
orally in three equally divided doses with food at the same time each day, with the
dose gradually increased to the full dose over 15 days. The study drug was titrated

according to the following schedule:

e Days 1-7: One capsule TID
e Days 8-14: Two capsules TID
e Day 15 and continuing: Three capsules TID (full dose)

Pirfenidone was supplied as 267 mg capsules for the 2403 mg/day dose, or as
133 mg capsules for the 1197 mg/day dose. Pirfenidone and placebo capsules were
supplied as opaque, hard, white gelatin capsules that were visually indistinguishable.
Patients who followed a different dose-escalation schedule in the initial 2-week

period were not considered as protocol deviators.

Patients remained on a stable maintenance dose for the duration of the study unless
the dose was reduced to manage an AE. The dose of study treatment was to be
modified at the investigator’s discretion in the event of adverse effects or intolerability

after discussion with the medical monitor.

Outcomes: The primary outcome in both studies was change in percentage of
predicted FVC from baseline to Week 72. Secondary outcomes in both studies were
categorical FVC (5-level scale), PFS, worsening in IPF, dyspnoea (using the
University of California San Diego Shortness of Breath Questionnaire), 6MWD, worst
peripheral oxygen saturation during the 6MWT, and percentage predicted DLco. In
PIPF-006 (CAPACITY 1), fibrosis by use of high resolution computed tomography
(HRCT) was an additional secondary outcome. Physical examinations and clinical
laboratory assessments were performed at weeks 2, 4, 6, and 12, and then every 12
weeks. Pulmonary function, exercise tolerance, and dyspnoea were assessed every

12 weeks. Patients continued assessments until study completion, even after
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permanent treatment discontinuation, and all such assessments were included in the

ITT analyses.

RECAP: Patients who completed ASCEND or either of the CAPACITY studies were
offered the opportunity to enrol in RECAP, an open-label extension study evaluating
the effect of long-term treatment with pirfenidone, see section 4.11 (Costabel 2014,

Kreuter 2014).

P3 (Taniguchi 2010)

Trial design: SP3 was a Snionogi-sponsored Phase lll, double-blind, randomised,
placebo-controlled, multicentre study evaluating the efficacy and safety of pirfenidone
in IPF patients in 73 centres in Japan. Participants were randomly assigned (2:1:2
ratio) to oral pirfenidone 1800 mg/day, pirfenidone 1200 mg/day, or placebo using a
modified minimisation method, which included some random allocation based on

biased coin design to balance baseline SpOa2.

Participants: All participants were aged between 20-75 years and must have
received a confirmed diagnosis according to the ATS/ERS consensus statement
(ATS/ERS, 2000). Details of the inclusion and exclusion criteria for the trial are

included in Appendix 5.
Study settings: The study was conducted in 73 centres in Japan.

Interventions: In the SP3 study, participants received the tablet-formulation of the
study drug (pirfenidone and/or placebo equivalent) orally in three divided doses, with
the dose gradually increased over four weeks to the full dose. All participants
received the same counts of tablets. As described in Section 1.3, the Japanese 1800
mg/day dose is considered to be equivalent to UK doses as the dose by weight
would be similar for all studies, and has previously been considered by NICE (NICE,
2013a section 3.24).
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Table 11. Treatment regimen titration in the SP3 study

Pirfenidone Pirfenidone Placebo arm
1800 mg/day arm 1200 mg/day arm
Days 1-14 1x pirfenidone 200mg 1x pirfenidone 200mg 1x placebo tablet TID
tablet TID tablet TID
Days 14-28 2x pirfenidone 200mg 1x pirfenidone 200mg 2x placebo tablets TID
tablets TID tablet TID and
1x placebo tablet TID
Day 29 and 3x pirfenidone 200mg 2x pirfenidone 200mg 3x placebo tablets TID
continuing tablets TID tablets TID and
1x placebo tablet TID

The appearance of pirfenidone and placebo tablets was manufactured as similar as

possible with respect to physical characteristics.

Outcomes: The primary outcome was the change in VC from baseline to Week 52.
Secondary outcomes were PFS time and change in the lowest SpO2 during the
6MWT. Tertiary outcomes were pulmonary function tests (arterial oxygen tension,
alveolar-arterial oxygen tension difference at rest, total lung capacity, and DLco),
acute exacerbation, serum levels of markers of interstitial pneumonias, and
subjective/objective symptoms (cough, presence/absence of sputum and dyspnoea

in daily living assessed with Hugh-Jones classification).

VC was measured every four weeks, and the lowest SpO2 during 6MWT and other

pulmonary function tests were assessed every 12 weeks.

The original primary endpoint was change in lowest SpO2 during the 6MWT over 52
weeks. However, a decision was made to revise the primary endpoint due to
recommendation by the independent DSMB due to evolved knowledge of
assessment with objective measurements in IPF, as well as the lack of validation in
the 6BMWT study, and difficulties in reproducibility of the SpO2 measurements during
the 6MWT. Change in lowest SpO2 during 6MWT was changed to a secondary

endpoint.
P2 (Azuma 2005)

Trial design: SP2 was a Phase Il, multicentre, randomised, double-blind, placebo-

controlled, prospective study in IPF patients in 25 centres in Japan. Participants were
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randomly assigned (2:1 ratio) to receive oral pirfenidone 1800 mg/day or placebo
using a modified permuted-block randomisation method with block sizes of six. The
planned study duration was 48 weeks, but based on a planned interim analysis at
Week 24, the Efficacy and Safety Assessment Committee recommended stopping
the study due to high incidence of acute exacerbations in the placebo arm. The study
was unblinded at Week 36, and all patients were given the option to be treated with

open-label pirfenidone through to Week 48.

Participants: All participants were aged between 20-75 years, and must have
received a confirmed diagnosis of IPF according to the ATS/ERS consensus
statement (ATS, 2000). Details of the inclusion and exclusion criteria for the trial are

included in Appendix 5.
Study settings: The study was conducted in 25 sites in Japan.

Interventions: Participants received the study drug (pirfenidone or placebo
equivalent) in three divided doses, with the dose gradually increased over a week to

the full dose. The study drug was titrated using the following schedule:

e Days 1 and 2: One tablet TID
e Days 3 and 4: Two tablets TID
e Days 5 and continuing: Three tablets TID (full dose)

For those assigned to receive pirfenidone treatment, each tablet was

pirfenidone 200mg. The maximum pirfenidone dose (1800 mg/day) was maintained
in patients tolerating it throughout the study unless the dose was reduced to manage
an AE. The dose of study treatment was to be modified according to a prespecified

regimen utilising the Standards for Classification of Serious Adverse Drug Reactions.

Outcomes: The primary endpoint was the change in the lowest SpO2 during 6MWT.
Secondary endpoints were changes in resting pulmonary function tests while
breathing air (VC, TLC, DLco, Pa02), disease progression patterns assessed via
HCRT, acute exacerbations, change in serum markers (pneumocyte damage), and
change in HRQoL (Chronic Respiratory Disease Questionnaire Score and Hugh-

Jones Classification Score).
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Lowest SpO2 during 6MWT was measured at baseline and then at 3-monthly
follow-up visits. In addition, the difference in SpO2 area between baseline and follow-
up test at 6 or 9 months was also determined. Pulmonary function tests were
performed at baseline and 3-monthly thereafter. All HRCT scans were performed at
baseline and 6-month intervals. Serum KL-6 and surfactant protein-D levels were
measured to assess changes in blood levels during the study. The Chronic
Respiratory Disease Questionnaire Score and Hugh-Jones Classification Score were

used to assess patient’s perceived QoL during the study.
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4.3.2 Provide a comparative summary of the methodology of the RCTs in a table. A suggested table format is presented below.

Table 12. Comparative summary of trial methodology for the relevant RCTs

Trial number PIPF-0016 PIPF-004 PIPF-006 SP3 SP2

(Acronym) (ASCEND) (CAPACITY 2) (CAPACITY 1) Taniguchi 2010 Azuma 2006
Reference King 2014 Noble 2011 Noble 2011

Location 127 sites in Australia, Brazil, 110 centres in Australia, Europe, and North 73 centres in Japan. 25 centres in Japan.

Croatia, Israel, Mexico, New
Zealand, Peru, Singapore, and the
uUs.

America.(including 3 sites in the UK)

Trial design

Phase lll, randomised, double-
blind, placebo-controlled trial.

Phase lll, randomised, double-blinded, placebo-
controlled trial.

Phase lll, randomised,
double-blind, placebo-
controlled ftrial.

Phase Il, randomised,
double-blind, placebo-
controlled trial

Eligibility criteria
for participants

Patients aged 40-80 years with a
diagnosis of IPF in accordance
with the International consensus
statement [ATS, 2000] at least 6
months and no more than 48
months before randomisation,
confirmed by central review.
Percent predicted FVC =250% and
<90% at screening were included.

The subjects had to meet all of the
inclusion criteria and none of the
exclusion criteria.

Patients aged 40-80 years with a diagnosis of IPF
in accordance with the International consensus
statement [ATS, 2000] in the previous 48 months
with no evidence of improvement in measures of
disease severity over the preceding year. Percent
predicted FVC =50% at Screening and Day 1
(before randomisation) were included.

The subjects had to meet all of the inclusion criteria
and none of the exclusion criteria.

Patients aged 20 -75
years, diagnosed with
IPF in accordance with
the International
consensus statement
[ATS/ERS, 2000].

The subjects had to
meet all of the inclusion
criteria and none of the
exclusion criteria.

Patients aged 20 -75
years, diagnosed with
IPF in accordance with
the International
consensus statement
[ATS/ERS, 2000].

The subjects had to
meet all of the inclusion
criteria and none of the
exclusion criteria.

Trial drugs,
permitted and
disallowed
concomitant
medication

Patients received pirfenidone 2403
mg/day or placebo.

Concomitant treatment with any
investigational drug for the
treatment of IPF was prohibited.
However, concomitant medications

Patients received
pirfenidone 2403 mg/day
or placebo.

Patients received
pirfenidone 2403
mg/day, pirfenidone
1197 mg/day, or
placebo. Concomitant treatments
for IPF were prohibited,

Concomitant treatments | with exceptions of short

Pirfenidone 1800 mg
daily, 1,200 mg daily or
placebo.

Concomitant
corticosteroid
<10mg/day (as the

Pirfenidone 1800 mg
daily or placebo.

Concomitant prednisone
<10mg/day was allowed.
The following

immunosuppressants or
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used for another indication were
permitted if there was no clinically
acceptable alternative.

for IPF were prohibited,
with exceptions of short
courses of azathioprine,
cyclophosphamide,
corticosteroids, or
acetylcysteine for
protocol-defined acute
exacerbation of IPF,
acute respiratory
decompensation, or
progression of disease.

courses of azathioprine,
cyclophosphamide,
corticosteroids, or
acetylcysteine for
protocol-defined acute
exacerbation of IPF,
acute respiratory
decompensation, or
progression of disease.

prednisone equivalent)
was allowed. However,
concomitant
immunosuppressants or
other investigational
drugs for IPF were not
allowed.

other anti-inflammatory/
antifibrotic drugs were
not allowed:
cyclophosphamide,
azathioprine,
methotrexate, d-
penicallimine, cochicine,
erythromycin, IFNs, N-
acetylcysteine,
cyclosporine, tacrolimus
and other investigational
drugs for IPF.

Primacy Change in percent predicted FVC Change in percent predicted FVC from baseline to Change in VC from Change in the lowest
outcomes or death at Week 52. Week 72. baseline to Week 52 SpO2 reached during the
(originally was the 6-MWT.
change in lowest SpO2
during the 6MWT).
Secondary Change from baseline to Week 52 | Categorical FVC, progression-free survival (time to Progression free survival | Changes in resting PFTs
outcomes in the 6-minute walk distance and confirmed =210% decline in percentage predicted time, change in the while breathing air (VC,

progression-free survival (defined
as the time to the first occurrence
of any one of the following: a
confirmed decrease of 10
percentage points or more in the
percentage of the predicted FVC, a
confirmed decrease of 50 m or
more in the 6-minute walk
distance, or death); change in
dyspnoea measured with the use
of the University of California San
Diego Shortness of Breath
Questionnaire (UCSD SOBQ); the
rate of death from any cause; and

FVC, 215% decline in percentage predicted DLco or
death), worsening IPF(time to acute exacerbation,
death, lung transplantation, or admission to hospital
for respiratory problems), dyspnoea (SOBQ),
6MWD, worst peripheral oxygen saturation (SpO2)
during the 6MWT, percentage predicted DLco, and

fibrosis by use of HRCT.

lowest SpO:2 during the
6MWT

TLC, DLco, Pa0>),
disease progression
patterns (HRCT), acute
exacerbation episode
(IPF), change in serum
markers (pneumocyte
damage), change in
HRQoL
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the rate of death from IPF during
the period from baseline to 28 days
after the last dose of the study
drug.
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4.4 Statistical analysis and definition of study groups in the

relevant randomised controlled trials

The primary outcome of ASCEND compared change in percentage predicted FVC
between the 2403 mg/day and placebo groups (King 2014). It was estimated that
250 patients per group would provide at least 90% power to detect a difference in
normalised ranks of 0.08 (+ 0.27). For change in 6MWD, 250 patients per group
were expected to provide approximately 75% power to detect a difference in

normalised ranks of 0.068.

The statistical analysis plan for ASCEND also included a pooled analysis of rates of
death from any cause and IPF-related death from the ASCEND and two CAPACITY
trials. This analysis was performed for the purpose of increasing the statistical power

and deriving a more stable estimate of the treatment effect.

ASCEND, CAPACITY 2 and CAPACITY 1 were substantially similar in study design,
eligibility criteria, patient population, intervention and comparator. This renders
pooling of the data appropriate in order to provide a single, stable and robust
estimate of the treatment effect of pirfenidone. The appropriateness and usefulness
of pooling the data from the three pivotal trials has been recognised and accepted as
valid by the EMA CHMP: “...the new pooling of the 52 week efficacy data have
further demonstrated the efficacy of pirfenidone in IPF, especially with regards (to
the) rate of FVC decline, BMWT performance and mortality data. The inclusion of
PIPF-016 (ASCEND) is warranted within the SmPC as the data further enhances the
body of evidence to aid the healthcare professional in prescribing the medicine. The

pooled survival data is also useful for the same reason.”

The independent statistical assessor in the EMA evaluation further commented: “The
methods used in the pooled analysis are analogous to those in the individual studies
and are appropriate as discussed in the original MAA and above.” (EMA 2014).

The pooled analysis for overall survival was pre-specified to be conducted at 52
weeks, as all patients from the three studies contributing to the analysis were to be
followed up until at least 52 weeks. As described in Figure 3 below, the number of

patients at risk beyond weeks 52 and weeks 72 falls dramatically. Data from
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ASCEND is removed from the information after week 52, and patients became
eligible to receive pirfenidone after placebo as part of the RECAP study from week
72 onwards. A 52 week timepoint also matches the available data for nintedanib for

this outcome (Section 4.10).

Figure 3 Proportion of patients still at risk by days after randomisation

PIPF-004, PIPF-006 and PIPF-016
Pirfenidone 2403 MG/D vs. Placebo

100

80

60

40

Patients at risk (%)

20

Placebo (N=524)
------- Firferidone (N=623)

Mo. of Patients at Risk
Placebo | 624 603 490 2 101 15 1

PFirfaridone 623 &18 L] 218 1% 8

1 Days 182 Days 365 Days 504 Days 588 Days 730 Days 840 Days
Time

Program: /fopt/BIGSTAT/prodic d66600c pbe/cdee6iic_g_kmDetails_OSIMprot sas
Output: /opt/BIOSTAT/prod/c d66600¢ pbe/mEEET0a. pbeireports/cdb5600c_g_kmDetails_OSIMprot pdf 020CT2015 10.18

The CAPACITY 1 & 2 studies’ primary outcome compared change in percent
predicted FVC between the 2403 mg/day and placebo groups (Noble 2011). It was
estimated that 160 patients per group would provide 97% power to detect a 50%
relative reduction in the rate of FVC change from baseline to Week 72 at a 0.05
significance level. This assumed an absolute percent predicted FVC change
between baseline and Week 72 of 5.5% in the placebo arm and 2.75% in pirfenidone

arm with a standard deviation of 6.0%.

The power and sample size calculations in SP2 and SP3 were based on simulation
studies with the use of the lowest SpO2 achieved during a 6MWT after one year
(Azuma 2005, Taniguchi 2010). The trials recruited 90 patients (SP2) and 250

patients (SP3). These numbers were expected to provide 80% power to detect
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assumed differences of the mean changes in the lowest SpO2 from baseline to
Week 52 between the two groups at a significance level of 0.025 for the SP2 trial and
0.1 (two-sided) in SP3. The SP3 trial noted that although the primary endpoint was
altered from the lowest SpO2 to VC after the study was started, the power calculated
on the basis of the change in VC turned out to be the same (maintained at ~ 80%)

and therefore the planned sample size was not altered.

Details of the statistical analysis and definition of study groups in the relevant RCTs
have been summarised in following table using items 7a, 7b, 12a and 12b of the
CONSORT checklist.
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Table 13. Summary of statistical analyses in the RCTs

Study

Sample size, power

Data management, patient

(Reference) Hypothesis Statistical analysis calculation withdrawals
ASCEND Treatment with pirfenidone The test statistic for the primary For the primary efficacy The authors used the intent-to-treat
(King 2014) | would reduce the efficacy analysis was a ranked comparison of change in %FVC | (ITT) population in the efficacy

deterioration in lung function
in patients with idiopathic
pulmonary fibrosis.

analysis of covariance (ANCOVA),
with the average standardised rank
change in the percentage of the
predicted FVC as the outcome
variable and the standardised rank
baseline value as a covariate.

The key secondary end points were
analysed with the use of the
Hochberg procedure for multiple
comparisons.

For time-to-event analyses,
pirfenidone was compared with
placebo using a log-rank test;
hazard ratios were based on the
Cox proportional-hazards model.

between the 2403 mg/day and
placebo groups, 250 patients
per group would provide at least
90% power to detect a
difference in normalised ranks of
0.08 with a standard deviation of
0.27.

For change in 6MWD, 250
patients per group will provide
approximately 75% power to
detect a difference in normalised
ranks of 0.068 with a standard
deviation of 0.285

analysis, which consisted of all
patients who signed the informed
consent form and were randomised,
The safety analysis population
included all patients who signed
informed consent and received any
amount of study drug.

For the ranked ANCOVA analyses,
missing values owing to death were
assigned the worst ranks, with early
deaths ranked worse than later
deaths. In the analyses of mean
change, missing values owing to
death were assigned the worst
possible outcome (e.g. FVC=0).
Missing values with reasons other
than death were imputed as the
average value for the three patients
with the smallest sum of squared
differences at each visit.
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Study

Hypothesis

Statistical analysis

Sample size, power

Data management, patient

(Reference) calculation withdrawals
CAPACITY [ Treatment with pirfenidone The primary efficacy analysis was by The sample size and treatment In all analyses, missing values at Week
1&2 would reduce the deterioration | use of a rank analysis of covariance duration provided approximately 72 due to death, discontinuation, or other
(Noble in lung function in patients with | (ANCOVA) model, stratified by region, 97% power to detect a 50% reasons were imputed to ensure that all
2011) IPF. with standardised rank change in FVC reduction in the rate of FVC patients were included.

The null hypothesis for the
primary efficacy outcome
variable was that there is no
difference in the absolute
change in percent predicted
FVC from baseline to Week 72
between the pirfenidone 2403
mg/day group and the placebo

group.

Similarly, in all other hypothesis
tests of secondary and
exploratory outcome variables,
the null hypothesis was that
there is no treatment difference
between the pirfenidone 2403
mg/day group and the placebo

group.

as the outcome and standardised rank
baseline percentage predicted FVC as
a covariate, evaluated against a final
adjusted two-tailed p value of 0-0498.
Magnitude of treatment effect was
estimated by use of differences in
treatment group means and categorical
change in FVC.

To assess treatment effect over the full
study, a repeated-measures analysis
with averaging of percentage predicted
FVC change over all assessment time
points was pre-specified. In the efficacy
analyses, pirfenidone 2403 mg/day was
compared with placebo in the intention
to treat (ITT) population.

The group assigned to pirfenidone 1197
mg/day in study PIPF-004 was
summarised descriptively. Analyses of
pooled data were pre-specified to
derive precise estimates of magnitude
of treatment effect.

progression after 72 weeks of
treatment with pirfenidone
compared to placebo and also
increased the power on the various
secondary endpoints.

For the primary efficacy comparison
of change in percent predicted FVC
between the 2403 mg/day and
placebo groups, 160 patients per
group were expected to provide
97% power to detect a 50% relative
reduction in the rate of FVC change
from Baseline to Week 72 at 0.05
significance level. This assumed an
absolute percent predicted FVC
change between Baseline and
Week 72 of 5.5% in the placebo arm
and 2.75% in pirfenidone arm with a
standard deviation of 6.0%.

In the rank ANCOVA, patients with
missing data due to death were ranked
worse than those who remained alive.
Patients who died were ranked according
to the number of days from randomisation
until death, with the shortest time until
death as the worst rank.

To estimate mean change in percent
predicted FVC from Baseline at Week 72,
missing Week 72 FVC values for patients
who died before Week 72 were replaced
with a percent predicted FVC of zero.
Missing values at Week 72 due to
reasons other than death (e.g., early
withdrawal from the study, lung
transplantation) were imputed with the
average value from three patients with the
smallest sum of squared differences at
each visit with data that were not missing.

A data monitoring committee reviewed
safety and efficacy data and undertook
two interim analyses of all-cause mortality
in the pooled dataset against a
conservative stopping boundary of
p=0-0001. For time-to-event analyses,
appropriate censoring methodology
wasused.
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Study
(Reference)

Hypothesis

Statistical analysis

Sample size, power
calculation

Data management, patient
withdrawals

SP3
(Taniguchi
2010)

Treatment with pirfenidone
would reduce the
deterioration in lung function
in patients with IPF.

Analyses of the change in VC and
the lowest SpO: from baseline were
performed with ANCOVA using the
respective baseline measurements
as covariates. Analyses of the
change in other pulmonary function
tests and the serum levels of the
markers of interstitial pneumonias
were performed with the least
significant difference method based
on one-way ANOVA. The
cumulative PFS rates were
estimated using the Kaplan—Meier
method and compared using the
log-rank test. Incidences were
compared with Fisher’s exact test.

The planned sample size was
250 in total: 100, 50 and 100
patients in the high-dose, low-
dose and placebo groups,
respectively. The sample sizes
of 100 for the high-dose and
placebo groups were
determined on the basis of
simulations that would provide a
statistical power of 0.8 to detect
assumed differences of the
mean changes in the lowest
SpO:2 from baseline to Week 52
between the two groups at a
significance level in this study of
0.1 (two-sided). Although the
primary endpoint was altered
from the lowest SpO:2 to VC after
the study was started, the power
calculated on the basis of the
change in VC turned out to be
the same (maintained at ~ 0.8)
and, thus, the planned sample
size was not altered.

As the low-dose group was intended
to assess benefit-risk profiles of
pirfenidone treatment at a tapered
dose, the sample size of the low-dose
group was obtained by halving the
sample size of the high-dose and
placebo groups. Multiplicity problems
were not taken into account because
the main analysis was the
comparison between the high-dose
and placebo groups. The principle of
the last observation carried forward
(LOCF) was adopted to impute
missing values if patient data were
available for 24 Weeks after the
baseline. The mixed model approach
using the available repeated
measures of changes in VC was
performed as a sensitivity analysis.
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Study . oy . Sample size, power Data management, patient
(Reference) Hypothesis Statistical analysis calculation withdrawals
SP2 Treatment with pirfenidone Analysis of change from baseline The pre-specified sample size For missing values, the principle of
(Azuma would reduce the was performed with the Welch’s t was 90 patients based on a last observation carry forward (LOCF)
2005) deterioration in lung function | test. Categorical variables were simulation study with the use of | was adopted. Immediately after

in patients with IPF.

analysed with the Wilcoxon’s test.
Analyses of incidences were

performed with Fisher’s exact test.

the lowest SpO: achieved during
a 6MWT after 1-year duration of
the study. This minimum number
of patients provided statistical
power greater than 0.8 to detect
assumed efficacy at the
significance level of 0.025.

initiating the trial, a decision to
conduct a pre-specified analysis (i.e.,
before breaking the code) in the
subset of patients who were able to
complete the BMWT without the SpO2
reaching less than 80% at baseline
was made. Based primarily on
important 6-month trends in a
secondary endpoint, the DSMB
recommended early termination of the
trial on ethical grounds. Due to the
length of time needed to collect,
analyse, report a minimum of 6
months of data for DSMB review, all
patients in the trial completed a
minimum of 9 months on their
assigned treatment arm. While both 6
and 9 month results are presented,
the latest complete follow-up exam (9
months) most closely match the
planned length of follow-up and are
considered of primary importance.
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4.5 Participant flow in the relevant randomised controlled

trials

ASCEND study (King 2014)

A total of 1562 patients were screened, and 555 patients with IPF were randomly
assigned in a 1:1 ratio to receive pirfenidone 2403 mg/day or placebo. The most
common reason for exclusion from the study was that the HRCT or lung biopsy

criteria were not met.

At 52 weeks, 55 patients discontinued treatment in the pirfenidone group compared
to 39 in the placebo group. The most common reason for discontinuation of
treatment and study were adverse events. The numbers of participants who
withdrew from the study do not include participants who died or underwent lung

transplantation.

The CONSORT diagram shows the flow of participants through each stage of the

trial is shown in Figure 4.

Figure 4. Participant flow in ASCEND
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CAPACITY 2 study (Noble 2011)

A total of 771 patients were screened, and 435 patients with IPF were randomly
assigned in a 2:1:2 ratio to receive pirfenidone 2403 mg/day, pirfenidone 1197
mg/day or placebo.

The most common reason for discontinuation of treatment was adverse events. The
most common reason for discontinuation of study was consent withdrawal. The
CONSORT diagram shows the flow of participants through each stage of the trial is
shown in Figure 5.

Figure 5. Participant flow in the CAPACITY 2 study

771 patients screened
336 excluded
435 enrolled and

randomly allocated

4

- - v
174 assigned to pirfenidone 87 assigned to pirfenidone 174 assigned to placebo
2403 mg/day 1197 mg/day

13 discontinued study*
4 withdrew consent
8 adverse events
1other reasont
38 discontinued treatment
21 adverse events

5 discontinued study*
2 withdrew consent
3 adverse events
17 discontinued treatment
11 adverse events
2 patient'sdecision

8 discontinued study*
S withdrew consent
3 adverse events
31 discontinued treatment
14 adverse events
4 patient’s decision

5 patient’s decision
3 lung transplant
Sdeaths

4 other reasons$

4 deaths 4 lung transplant

9 deaths

h 4 r ¥

161 completed study 166 completed study
174 assessed for efficacy 174 assessed for efficacy

82 completed study
87 assessed for efficacy

*Does not include death or lung transplantation

tDiscontinued study because of deportation

FIncludes unknown interaction with chemotherapy (n=1), deportation (n=1), non-adherence to assigned treatment
regimen (n=1), and spontaneous discontinuation of study drug (n=1)

CAPACITY 1 study (Noble 2011)
A total of 567 patients were screened, and 344 patients with IPF were randomly

assigned in a 1:1 ratio to receive pirfenidone 2403 mg/day or placebo.

The most common reason for discontinuation of treatment was adverse events. The
most common reason for discontinuation of study was consent withdrawal. The
CONSORT diagram shows the flow of participants through each stage of the trial is

shown in Figure 6.
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Figure 6. Participant flow in the CAPACITY 1 study
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*Does not include death or lung transplantation

§Discontinued study due to placement on lung transplantation schedule

flIncludes placement on lung transplantation schedule (n=1), prolonged QTc interval that was subsequently
ascertained to be present at baseline (n=1), and unknown (n=1)

We would like to highlight that the data extracted from CAPACITY 1 and CAPACITY
2 to support the the meta-analyses and NMAs (Sections 4.9 and 4.10) are different
to those presented in the nintedanib NICE manufacturer submission (Boehringer
Ingelheim 2015). The data used within our analyses are presented in Table 14,

along with the rationale for the difference.

Table 14. Extracted data used to input into the NMA for all-cause discontinuation of
treatment

Study (source) Treatment Time point Events Patients at risk
CAPACITY 1 PFN 48 weeks 18 171
(Data on file") PBO 18 173
CAPACITY 2 PFN 48 weeks 22 174
(Data on file") PBO 21 174

Explanation of differences to Bl submission:

e CAPACITY 1 & 2 were treated as individual studies in our NMA.

e Assessments were conducted every 12 weeks in CAPACITY 1 & 2 and therefore 48 weeks was
considered most appropriate data cut to use to compare with 52 week data from other trials

" Roche 2016a
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SP3 study (Taniguchi 2010)

A total of 325 patients were screened, and 275 patients with IPF were randomly
assigned in a 2:1:2 ratio to receive pirfenidone 1800 mg/day, pirfenidone

1200 mg/day or placebo. Eight patients had no medication, or had no data available

and therefore were excluded from the full analysis.

The most common reason for withdrawal in the pirfenidone-treated arms was
adverse events. The most common reason for withdrawal in the placebo arm was
disease progression. The CONSORT diagram shows the flow of participants through

each stage of the trial is shown in Figure 7.

Figure 7. Participant flow in the SP3 study

| Screened: 325 |

Ineligible: 52
Randomised: 275
High-dose group: 110
Low-dose group: 56
Placebo group: 109
Ineligible: 8
No medication: 4
No data available: 4
Full analysis set: 267
High-dose group: Low-dose group: Placebo group:
55 104
40 withdrew: 15 withdrew: 31 withdrew:
Adverse events: 15 Adverse events: 9 Disease progression: 15
Disease progression: 8 Acute exacerbation: 2 Adverse events: 7
Acute exacerbation: 4 Disease progression: 0 Acute exacerbation: 4
Others: 13 Others: 4 Others: 5
Completed study: Completed study: Completed study:
68 (63.0%) 40 (72.7%) 73(70.2%)
SP2 study (Azuma 2005)

A total of 109 patients were screened, and 107 patients with IPF were randomly

assigned in a 2:1 ratio to receive pirfenidone 1800 mg/day or placebo.

The most common reason for withdrawal in the pirfenidone-treated arm was adverse
event. The most common reason for withdrawal in the placebo arm was acute
exacerbation. The CONSORT diagram shows the flow of participants through each

stage of the trial is shown in Figure 8.
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Figure 8. Participant flow in the SP2 trial
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The key inclusion exclusion criteria across the five RCTs are summarised in the

table below. The resulting baseline characteristics are then described and tabulated.
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Table 15: Key Inclusion/Exclusion Criteria for RCTs

ASCEND

CAPACITY2

CAPACITY1

SP3

SP2

Key inclusion
criteria

Lung function
parameters

o FVC (% predicted
value) 50-90%

e DLco 30-90%

e BMWT 2150 m

o FVC (% predicted
value) 250%

e DLco 235%

e FVC or DLco <90%

¢ FVC (% predicted
value) =2 50%

e DLco 235%

e FVC or DLco <90%

e - BMWT 2150 m

e O2 desaturation of 5%
between resting Sp0O2
and min SpO2 during 6
min exercise test
(6MET)

¢ SpO2 >85% during
6MET (air).

e Adequate oxygenation
at rest (PaO2 70 mm
Hg) and SpO2 < 90%
during exertion

Key inclusion

e Confident clinical and

e Confident clinical and

e Confident clinical and

¢ Confident clinical and

¢ Confident clinical and

criteria radiographic diagnosis radiographic diagnosis radiographic diagnosis radiographic diagnosis radiographic diagnosis

of IPF, confirmed of IPF, confirmed locally of IPF, confirmed locally of IPF (as per ATS/ERS of IPF (as per guideline
IPF Diagnosis centrally with diagnosis (diagnosis previous 48 (diagnosis previous 48 guideline concensus) concensus)

of IPF >6 months but months) months) ¢ No decrease in

<48 months. symptoms during the

¢ No improvement of IPF | e No improvement of IPF | e No improvement of IPF preceding 6 months

in preceding year. in preceding year in preceding year
Key o Abnormal lab o Abnormal lab e Abnormal lab ¢ Coexisting pulmonary e Coexisting pulmonary
exclusion parameters parameters parameters hypertension, asthma, hypertension, asthma,
criteria e Obstructive airway e Obstructive airway e Obstructive airway Tb, sarcoid, Tb, sarcoid,

disease disease, disease, bronchiectasis or bronchiectasis or
Patient « History of unstable « History of unstable e History of unstable respiratory infection; respiratory infection;
factors /deteriorating cardiac or /deteriorating cardiac or /deteriorating cardiac or | ¢ Comorbid conditions e Comorbid conditions

pulmonary disease

¢ History of severe
hepatic impairment/
end-stage liver
disease/end-stage renal
disease requiring
dialysis

pulmonary disease

¢ History of severe
hepatic impairment/
end-stage liver
disease/end-stage renal
disease requiring
dialysis

pulmonary disease

¢ History of severe
hepatic impairment/
end-stage liver
disease/end-stage renal
disease requiring
dialysis

including malignancy,
severe hepatic, renal,
DM or cardiac disease;

including malignancy,
severe hepatic, renal,
DM or cardiac disease;
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Patients who participated in the ASCEND, and CAPACITY 1 & 2 studies were

recruited from specialist centres around the world, including 3 in the UK.

The demographic characteristics of the patients were well balanced across the
treatment groups within all of the relevant RCTs (see Table 16). Comparison across
the studies shows that the age of the patients was similar and overlapping in
ASCEND, CAPACITY 1 & 2. In the Japanese studies, SP2 and SP3, the age of
patients were also similar across the treatment groups, although slightly younger

than those in the international studies.

The proportion of male patients was larger in ASCEND (78.4%) compared with
CAPACITY 2 (70.7%) and CAPACITY 1 (71.8%) and there was a greater
representation of non-white patients (8.8% vs. 3.4% and 1.2% respectively). In terms
of these demographic findings, while there is a clear overlap of the study
populations, given the modest differences with respect to age, sex and race, the data
from the three studies can be regarded as inclusive of the overall range of patients
likely to present with mild to moderate IPF in routine clinical practice. The Japanese
studies, SP2 and SP3, reported the highest percentage of males (89% and 79%,

respectively).

Percentage predicted FVC was reported at baseline by the CAPACITY trials and the
ASCEND trial. For ASCEND, patients at higher risk of disease progression were
enroled (percent predicted FVC 50-90% and percent predicted DLco 30-90% at
Screening). For the CAPACITY studies, patients with percent predicted FVC 250%
at Screening and Day 1 (before randomisation) and FVC or Hgb-corrected DLco
<90% of predicted value at the Screening were included. There were no significant
differences between treatment arms within the trials, however the ASCEND trial
reported a percentage predicted FVC approximately 7-8% lower than the CAPACITY

trials.

The SP2 and SP3 trials reported percentage predicted total lung capacity and vital
capacity. There were no differences between the study arms within trials and no

differences between the two trials.
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Table 16. Characteristics of participants in the studies across treatment groups

PIPF-016 PIPF-004 PIPF-006
(ASCEND) (CAPACITY 2) (CAPACITY 1)
(King 2014; InterMune 2014) (Noble 2011) (Noble 2011)

Pirfenidone Placebo Pirfenidone Pirfenidone Placebo Pirfenidone Placebo

2403 mg/day (n=277) 2403 mg/day 1197mg/day (n=174) 2403 mg/day (n=173)
Baseline characteristic (n=278) (n=174) (n=87) (n=171)
Age, mean years * SD 68.4£6.7 67.8+7.3 65.7 £ 8.2 68.0+7.6 66.3+7.5 66.8+7.9 67.0+7.8
Male, n (%) 222 (79.9) 213 (76.9) 118 (68) 65 (75) 128 (74) 123 (72) 124 (72)
Percentage of predicted FVC, 67.8+11.2 68.6 + 10.9 745+ 145 76.4+14.4 76.2 £ 155 74.9+13.2 73.1+£14.2
mean % * SD
Percentage of predicted DLco, 43.7+10.5 442 +12.5 46.4 +9.5 47.2+8.2 46.1 +10.2 47.8+9.8 474 +9.2
mean % * SD
Dyspnoea score, mean = SD 34.0+21.9 36.6+21.7 NR NR NR NR NR
Mean 6MWD, m * SD 415.0 £ 98.5 420.7 + 98.1 411.1+91.8 4175+ 112.8 410.0 £90.0 378.0+82.2 399.1 £ 89.7
Supplemental Oz use, n (%) 78 (28.1) 76 (27.4) 29 (16.7) 15 (17) 25 (14) 48 (28) 49 (28)
HRCT definite IPF, n (%) 266 (95.7) 262 (94.6) 159 (91) 83 (95) 164 (94) 149 (87) 158 (91)
Surgical lung biopsy, n (%) 86 (30.9) 79 (28.5) 86 (49) 32 (37) 85 (49) 94 (55) 94 (54)
Time since IPF diagnosis, years 1.7+£11 1.7£1.1 1.3+0.96 14+£1.16 14112 1.2+£1.09 1.1+£1.04
*SD
Former smoker, n (%) 184 (66.2) 169 (61.0) 110 (63) 57 (66) 114 (66) 112 (66) 101 (58)
Pre-enrolment corticosteroid 6(2.2) 2(0.7) 14 (8.0) 10 (11.5) 9(5.2) 22 (12.9) 17 (10.0)
use, n (%)
Concomitant corticosteroid 82 (29.5) 101 (36.5) 38 (21.8) 24 (27.6) 52 (29.9) 42 (24.6) 50 (29.0)
use, n (%)
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SP3 SP2
(Taniguchi 2010) (Azuma 2005)
Pirfenidone Pirfenidone 1200 Placebo Pirfenidone Placebo
1800 mg/day mg/day (n=55) (n=104) 1800 mg/day (n=35)

Baseline characteristic (n=108) (n=72)
Age, mean years * SD 65.4 £6.2 63975 64.7+7.3 64.0+7.1 64.3+7.6
Male, n (%) 85 (78.7) 47 (85.5) 81 (77.9) 62 (86.0) 33 (94.0)
Percentage of predicted VC, mean % * SD 77.3+16.8 76.2 £ 18.7 79.1+17.4 81.6+20.3 784 +17.2
Percentage of predicted TLC, mean % * SD 73.2+16.5 724 +15.6 75.2+15.7 785+17.9 73.9+16.4
Percentage of predicted DLco, mean % * SD 52.1+16.8 53.6 £ 19.1 55.2+18.2 57.6+17.2 57.7+13.8
Lowest SpO2 during 6MWT, mean % * SD 89.0+23 88.8+24 89.0+2.0 87.1+3.9 87.1+4.2
Desaturation <88% during 6MWT, n (%) 34 (31.5) 19 (34.5) 24 (23.1) NR NR
Mean P(A-a)O: + SD 18.4+11.3 16.9+9.6 174 +£9.7 NR NR
Percentage of predicted SpO2, mean % * SD 89.0+23 88.8+24 89.0+2.0 NR NR
Mean PaO: at rest, nmHg * SD 79.8 £10.2 81.6+84 81.0+£9.5 80.3+7.7 82.0+17.6
Mean VC, mL £ SD 2400.8 £ 638.4 2437 + 684.8 2472.3 £ 698.9 NR NR
Surgical lung biopsy, n (%) 26 (24.1) 16 (29.1) 28 (26.9) 15 (21.0) 8 (23.0)
IPF diagnosis, n (%)

<1 year 38 (35.2) 20 (36.4) 41 (39.4) 20 (28.0) 6 (17.0)

1-3 years 29 (26.9) 13 (23.6) 25 (24.0) 17 (24.0) 10 (29.0)

>3 years 41 (38.0) 22 (40.0) 38 (36.5) 35 (49.0) 19 (54.0)
Former smoker, n (%) 81 (75.0) 33 (60.0) 70 (67.3) 57 (79.0) 30 (86.0)
Pre-enrolment corticosteroid use, n (%) 9(8.3) 6 (10.9) 6 (5.8) 10 (14.0) 5(14.0)
Concomitant corticosteroid use, n (%) 8(7.4) 6 (10.9) 5(4.8) NR NR
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4.6 Quality assessment of the relevant randomised controlled

trials

Four of the five trials (ASCEND, CAPACITY 1 & 2, and SP2) used a computer
generated randomisation list (King 2014; Noble 2011; Azuma 2005). In SP3
(Taniguchi 2010), patients were allocated to treatment groups using a modified
minimisation method, including some random allocation based on biased coin design
to balance baseline SpO2. In SP3, the original primary outcome was altered to VC
after the study had started and it is not clear whether VC outcomes would have been

affected considering the attempt to balance groups for SpO2 at randomisation.

All five trials used appropriate allocation concealment methods. In the ASCEND,
CAPACITY 1 & 2 studies (King 2014; Noble 2011) used centralised interactive voice
response systems to conceal allocation. The ASCEND trial also supplied pirfenidone
and placebo in capsules and packaging that were visually indistinguishable. The
SP2 trial employed a third party to assign the study drug; no further details were
reported (Azuma 2005). The SP3 trial reported using identical packaging of
pirfenidone and placebo (Taniguchi 2010).

Four of the five trials (ASCEND, CAPACITY 1 & 2, SP2) explicitly reported that all

personnel involved in the study were masked to treatment group assignment (King
2014; Noble 2011; Azuma 2005). The SP3 trial was reported to be double-blinded,
but it is not clear who was blinded. Our access to source data on this trial is limited

by the historical ownership of data, as decribed in Section 2 (Taniguchi 2010).

There were no unexpected imbalances in drop-outs between treatment and control
groups. The CAPACITY 1 and 2 trials reported that compared with placebo patients,
a higher proportion of patients in the pirfenidone 2403 mg/day group permanently
discontinued treatment because of adverse events: 14.0% versus 8.1% (CAPACITY
1) and 12.1% versus 8.0% (CAPACITY 2). However, a lower proportion of patients in
the pirfenidone 2403 mg/day group died while on study treatment: 0.6% versus 6.4%
(CAPACITY 1) and 2.9% versus 5.2% (CAPACITY 2). None of these differences
were statistically significant. No differences were reported in the rates of drop outs
for the other trials (Noble 2011).
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There is no evidence to suggest that authors of any of the five trials measured more
outcomes than they reported. The results of all outcomes measured were described

in the study publications.

The CAPACITY and ASCEND trials used intention to treat analysis (ITT). The SP2
trial reported results for both ITT and per protocol analyses. It was unclear whether
SP3 used ITT principles; for some outcomes it appears that ITT was used and for
other outcomes, the full number of randomised participants was not used. Two
analysis sets were pre-specified; the full analysis set (FAS) and the per-protocol set
(PPS). The full analysis set excluded from the efficacy analysis those patients who
were deemed ineligible; four patients who did not take any of the study medication
and four with no available data. The per protocol set excluded patients who were
excluded from the FAS and also excluded patients who did not meet all inclusion and
exclusion criteria, did not take study drug, did not comply with the study drug titration

schedule or otherwise were noncompliant with the treatment regimen.

Overall, all five trials were considered to have a low risk of bias.
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Table 17. Quality assessment results for parallel group RCTs

ASCEND CAPACITY 1 & SP3* SP2
CAPACITY 2

Was randomisation carried out Yes Yes Unclear Yes
appropriately?
Was the concealment of the treatment Yes Yes Yes Yes
allocation adequate?
Were the groups similar at the outset Yes Yes Yes Yes
of the study in terms of prognostic
factors?
Were the care providers, participants, Yes Yes Unclear Yes
and outcome assessors blind to
treatment allocation?
Were there any unexpected No No No No
imbalances in drop-outs between
groups?
Is there any evidence to suggest that No No No No
the authors measured more outcomes
than they reported?
Did the analysis include an ITT Yes Yes Yes Yes
analysis? If so, was this appropriate
and were appropriate methods used to
account for missing data?
Risk of bias of the study Low risk Low risk Low risk Low risk

* During the course of this multi-year trial, the academic community’s views on appropriate primary endpoints in IPF
evolved, and the data safety and monitoring board recommended a change of the primary endpoint to VC after a

discussion of blinded interim comparative data.

4.6.4 The complete quality assessment for each RCT should be included in an

appendix

A complete quality assessment for each RCT is included in Appendix 6.
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4.7 Clinical effectiveness results of the relevant randomised

controlled trials

e Overall, the use of pirfenidone in mild to moderate IPF patients slows the rate
of decline in FVC and improves survival. Clinical evidence shows pirfenidone
also reduces the decline in 6MWD, it is therefore a valuable treatment option

for patients with IPF

¢ In the pre-specified pooled analysis of ASCEND, CAPACITY 1 & 2 at 52
weeks, patients treated with pirfenidone had an approximate (and statistically
significant) 50% reduction in the risk of death compared to patients receiving
placebo (HR=0.52; 95% CI: 0.31-0.87; p=0.011)

e Treatment-emergent IPF-related mortality was significantly lower in the
pirfenidone group than the placebo group in the pooled analysis of CAPACITY
1& 2 (HR: 0.48 [95% CI: 0.24, 0.95] p=0.03).

e A pooled analysis of ASCEND, CAPACITY 1 & 2 studies at 52 weeks showed
patients treated with pirfenidone had significantly higher rates of progression
free survival (HR: 0.62; 95% CI: 0.51-0.76; p<0.0001)

e The benéefit of treatment with pirfenidone on percent predicted FVC was
apparent from the three pivotal Phase lll trials. In the ASCEND study,
pirfenidone significantly reduced the change in percent predicted FVC or
death compared to placebo at Week 52 (p<0.001). A similar effect was seen
in the absolute change in percent predicted FVC in CAPACITY 2 (p=0.001),
but did not reach statistical significant in CAPACITY 1 (p=0.501)

e Across the studies, there were a low number of exacerbations, and
inconsistent definitions were used to define events. As such, results for this
outcome should be interpreted with caution. ASCEND demonstrated a clear
numerical difference in numbers of exacerbations between the study arms at
52 weeks, with 40 events being reported in the placebo arm and only 24 in

those patients treated with pirfenidone.

e Results of two earlier Japanese studies (SP2 and SP3) provide supportive

evidence on the effectiveness of pirfenidone in IPF, and are consistent with
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those of the large phase lll trials (ASCEND, CAPACITY 1 & 2).

e When considering patients with earlier (FVC = 80% predicted) vs. later (FVC
<80% predicted) disease, the pooled analysis demonstrated significantly
improved outcomes in BMWD and quality of life (UCSD SOBQ) for those with
less severe disease at 12 months. There was also a numerically lower risk of
FVC decline 210% or death in those with FVC 2 80% predicted, although this
was not statistically significant.(p= 0.2403)

¢ In the pooled analysis of ASCEND and CAPACITY 1 & 2 a consistent
treatment effect was seen across all demographic subgroups

This section presents the results of each clinical trial, grouped by outcome of interest.

A tabulated summary of each trial can be found in Appendix 7.

Extracted data used in the meta-analyses and NMAs (Sections 4.9 and 4.10) are
summarised at the end of each outcome category. Any differences from the values
reported in the nintedanib NICE manufacturer submission are highlighted within the

relevant tables, along with a rationale for the difference (Boehringer Ingelheim 2015).

Lung Function

FVC categorical decline of 210% percent predicted

A decline in percentage predicted FVC of 210% is a decrement that has long been
recognised as both clinically significant and highly predictive of mortality (Collard
2003; Flaherty 2003; Latsi 2003; Zappala 2010).

The ASCEND study met its primary endpoint: at Week 52, there was a relative
reduction of 47.9% in the proportion of patients who experienced a decline in FVC by
210% or death (p=0.000001) (King 2014). CAPACITY 2 showed a statistically
significant difference for this outcome at Week 72 (absolute difference: 14.4 [95% CI:
7.4, 21.3] p=0.001), but not in CAPACITY 1 (absolute difference: 3.8 [95% CI: -2.7,
10.2] p=0.440). However, in CAPACITY 1, a statistically significant treatment effect

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 89 of 305




was evident at every time point to Week 48 (p=0.007) (Noble 2011). This is discussed
further in Section 4.13.

In all three trials, the benefit of treatment with pirfenidone 2403 mg/day was apparent

early and was persistent, with a progressively increasing difference in decline in

percent predicted FVC in favour of pirfenidone 2403 mg/day over the study period.

Table 18. Categorical analysis of change from baseline in percent predicted FVC or

death for the relevant RCTs

Decline
. . Treatment 210% FVC or | No decline* in t
Study (Ref) Time point group death, FVC, n (%) p-value
n (%)
PFN
ASCEND 2403 mg/day 46 (16.5) 63 (22.7)
) 52 weeks (N=278) p=0.000001
(King 2014) PBO
(N=277) 88 (31.8) 27 (9.7)
PFN
2403 mg/day 35 (20.1) 42 (24.1)
CAPACITY 2 1 25\ eeks (N=174) p=0.001
(Noble 2011;) PBO
(N=174) 60 (34.5) 24 (13.8)
PFN
2403 mg/day 39 (22.8) 44 (25.8)
CAPACITY 1 72 weeks (N=171) 0=0.440
(Noble 2011;) PBO
(N=173) 46 (26.6) 38 (22.0)
PFN
Pooled 2403 mg/day 74 (21) 86 (24.9)
CAPACITY 1 &2 72 weeks (N=345) p=0.003
(Noble 2011;) PBO
(N=347) 106 (31) 62 (17.9)

PFN- pirfenidone; PBO- placebo
*Change in predicted FVC 210%
tRank ANCOVA (pirfenidone 2403 mg/day vs placebo)

A pre-specified pooled analysis of ASCEND, CAPACITY 1 & 2 at Week 52 showed
treatment with pirfenidone reduced the proportion of patients with a 210% decline in
percent predicted FVC or death by 43.8%, and increased the proportion of patients
with no decline in percent predicted FVC by 59.3%, compared with placebo
(p<0.0001) (Noble 2014a). Please see section 4.4 for a discussion on the pooling of

these trials.

Data used in the meta-analyses and NMAs (Sections 4.9 and 4.10) are provided in
Table 19.
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Table 19. Extracted data used to input into NMA for categorical decline 210% FVC

Study Treatment Time Events Patients at risk
(source) point
CAPACITY 2 PFN 2403 48 weeks | 28 174
(Data on file") mg/day

PBO 49 174
CAPACITY 1 PFN 2403 48 weeks | 34 171
(Data on file") mg/day

PBO 38 173
ASCEND PFN 2403 52 weeks | 62 278
(Data on file?) mg/day

PBO 100 277

Explanation for differences to the Bl submission:

o CAPACITY 1 & 2 assessments were performed every 12 weeks, and therefore 48 week
data was taken as it is the closest data to 52 weeks for the NMA

e ASCEND data was re-calculated as per the INPULSIS definition (where deaths are
counted as non-responders). Patients with no FVC values at 52 weeks were assumed to
be non-responders.

"Roche 2016a
Patients with no FVC values at 52 weeks were assumed to be non-responders.
2 Roche 2016a

Change in percent predicted FVC/VC

The primary efficacy outcome in the CAPACITY 1 & 2 studies was the change in
percent predicted FVC from baseline to Week 72 (CAPACITY 1 & 2) (Noble 2011).
In SP3, the primary efficacy outcome variable was the change from baseline in VC in
the pirfenidone 1800 mg/day group compared with the placebo group at 52 weeks
(Taniguchi 2010).

CAPACITY 2 reached its primary endpoint; pirfenidone 2403 mg/day resulted in a
significant absolute difference in change in percent predicted FVC compared with
placebo at Week 72 (absolute difference 4.4%; relative difference 35.3%;CI1 0-7 to

9-1 p=0.001). Outcomes in the pirfenidone 1197 mg/day group were intermediate to
the pirfenidone 2403 mg/day and placebo groups. At Week 72, the absolute
difference in percent predicted FVC did not reach statistical significance in
CAPACITY 1 (absolute difference: 0.6%; relative difference: 6.5%;Cl -3-5 to 4-7
p=0.501), see Figure 9 (Noble 2011). However, a significant treatment effect of
pirfenidone 2403 mg/day was evident at every time point from Week 12 until Week
48, and in the repeated measures analysis of percentage predicted FVC change over

all assessment time points (p=0.007) (Noble 2011).
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Figure 9. Mean change from baseline in % predicted FVC in the CAPACITY 2
(A), CAPACITY 1 (B), and in the pooled population (C)

0

Mean change from basalinein FVC
(1% predicted)
&

— Pirfenidone 2403 mg/day (n=174) )

—— Firfenidone 1167 mg/day (n=87) 7| — Pirfenidone 2403 mg/day (n=171) | — Pirfenidone 2403 mg/day (n=345)
—— Placebo (n=174) —— Placebo (n=173) — Placebo (n=347)
-14 T T T T T T T T T T T T T T T T T
0 12 24 36 43 60 72 0 12 24 36 48 60 72 0 12 24 36 433 60 72
Weeks Weeks Weeks

Absolute difference” 14%  25%  46%  48%  41%  44% -0-4% 28% 24% 19% 0-6% 06% 05% 27% 35% 3-3% 4% 2.5%
Relative difference* 535% 652% 637% 523% 383% 353% -315% 62-1% 482% 273%  76%  65% 285% 636% 575%  416% 251%  228%
pvaluet 0061 0014 00001 00009 00002 0001 0021 00001 0011 0005 0172 0501 0-003 <0-0001 <0-0001 =0-0001 03003 O-005

*Pirfenidone 2403 mg/day versus placebo

TRank ANCOVA (pirfenidone 2403 mg/day vs placebo). 95% Cls were only calculated for absolute differences for
the Week 72 time point in CAPACITY 2 (95% CI: 0.7-9.1) and CAPACITY 1 (95% CI: -3.5-4.7)

In a pooled analysis of the CAPACITY 1 & 2 trials, there was a significant treatment
effect on percent predicted FVC with a mean change of -8.5% in the pirfenidone
2403 mg/day arm and -11% in the placebo arm (absolute difference: 2.5%; relative
difference: 22.8%; p=0.005, rank ANCOVA) at Week 72 (Noble 2011).

In SP3, an analysis of the mean decline from baseline in percent predicted VC at
Week 52 showed a significant treatment effect of pirfenidone 1800 mg/day compared
with placebo, respectively: -2.91% + 0.77 compared with -5.13% £ 0.78 (p=0.044,
ANCOVA) (FDA, 2010).

The ASCEND manuscript did not report the change in % predicted FVC, but this was
analysed to inform the NMA. These data were consistent with the categorical
findings, and showed a statisticaly significant mean difference of 4.78% less decline
at 52 weeks with pirfenidone compared to placebo. Data used in the meta-analyses
and NMAs (Sections 4.9 and 4.10) are provided in Table 20.

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 92 of 305



Table 20. Extracted data used to input into the NMA for change in baseline in %
predicted FVC

Study (source) | Treatment Time Mean SE Mean p-value
point change difference
from from PBO
baseline
ASCEND* PFN 52 weeks -6.17 0.875 4.781 <0.001
(Data on file') | 2403 mg/day
(n=278)
PBO -10.95 0.877
(n=277)

* The ASCEND manuscript did not report the change in % predicted FVC but this was analysed to inform the
NMA.

" Roche 2016a

Change in FVC/VC (ml)

Change in VC or FVC were available for all five RCTs. CAPACITY 1, CAPACITY 2
and ASCEND measured FVC, while SP2 and SP3 measured VC. The decision of
whether to use VC or FVC as the end point in the trials was dictated by the

guidelines at the time.

For SP2 and SP3, the ATS international consensus statement published in 2000
recommended measurement of VC (ATS ERS, 2000). Given that there is little
difference between VC and FVC in subjects without obstructive pathology (Chhabra,
1998), and IPF patients have a restrictive pathology, it is appropriate that VC and

FVC are treated as comparable endpoints.

All trials except CAPACITY 1 showed a statistically significant difference in change in

FVC/VC with pirfenidone treatment compared with placebo.
Results across all trials are presented in Table 21.

The CAPACITY trials assessed this outcome at 48 weeks, with these data being
used in the NMA to allow comparison of studies across a similar time point (see
Section 4.10). Data extracted to inform the meta-analysis and NMA re reported in
Table 22.
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Table 21: Mean change from baseline in FVC/VC of the relevant RCTs

. . Treatment M(_aan . .
Study (Ref) Time point group decline in Difference, p-valuet
FVC/VC
PFN
ASCEND 2403 mg/day | FVC:235ml | Absolute difference: 193 ml
: 52 weeks (N=278) Relative difference: 45.1%
(King 2014)
PBO EVC: 428 ml p<0.001
(N=277) '
e Absolute diff 157 ml
2403 mg/da FVC: 318 ml solute drrierence: m
CAPACITY 2 72 weeks (N=1 34) y Relative difference: 33%
PBO (N=174) | FVC: 475 ml p-value=0.004
PFN .
Absolute difference: -5 ml
CAPACITY 1 | 72 weeks 2483’3?4‘;” FVC:379ml | Relative difference: -1.4%
PBO (N=173) | FVC: 373 mi p-value=0.508
PFN
<P3 1883_?8333’ VE:80ml 1 beN 1800 mg/day vs. PBO:
) : — Absolute difference: 70 ml
(Taniguchi 52 weeks PFN Relative difference: NR
2010) 1200 mg/day VC: 80 mi 0=0.042 '
(N=55) '
PBO (N=104) VC: 160 ml
PFN Absolute difference: 100 ml
SP2 1800 mg/day VC: 30 mi : : .
9 months _ Relative difference: NR
(Azuma 2005) (N=72) ~0.037
PBO (N=35) | VC: 130 ml p=v.
PFN- pirfenidone; PBO- placebo; NR- not reported
tRank ANCOVA: ASCEND, CAPACITY 1 & 2 (pirfenidone 2403 mg/day vs placebo); SP2 and SP3
(pirfenidone 1800 mg/day vs. placebo)

Table 22. Extracted data used to input into NMA for change in FVC in L

Change from baseline
Trial Intervention Time point Mean
SD
change
PFN 2403 mg/day )
CAPACITY 2 | (n=174) 0.1808 0.5276
(Data on file') | PBO 48 weeks -0.3498 0.67495
(n=174) ) )
PFN 2403 mg/day
CAPACITY 1 | (n=171) -0.2196 0.72228
(Data on file?) | PBO 48 weeks
_ -0.2739 0.64423
(n=173)
"Roche 2016a
2Roche 2016a
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Mortality

All-cause and treatment-emergent (TE) IPF-related mortality

CAPACITY 1 & 2 and ASCEND studies reported hazard ratios and proportion of
deaths while SP2 and SP3 only reported the proportion of deaths for all-cause
mortality and TE IPF-related mortality. TE IPF-related mortality was defined as
deaths occurring between randomisation and within 28 days of last dose of study

drug.

In the three large Phase Il studies (ASCEND and CAPACITY 1 & 2), there were
relatively few deaths (<10%) in either treatment group at the end of the study. Details
of the all-cause mortality and TE IPF-related mortality at the common time point of 52

weeks are presented in Table 23.

None of the studies were powered to assess the effect of pirfenidone on mortality,
and a pre-specified pooled analysis of the three trials was requested by the FDA to

increase statistical power (King 2014a).
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Table 23. Mortality rates in the ASCEND, CAPACITY 1 & 2 studies and pooled
populations at Week 52

Patients, n (%) Pirfenidone Placebo HR (95% CI)* p-value”
2403 mg/day

ASCEND n=278 n=277

All-cause mortality 11 (4.0) 20 (7.2) 0.55 (0.26, 1.15) 0.105
TE IPF-related

mortality 3(1.1) 7 (2.5) 0.44 (0.11, 1.72) 0.226
CAPACITY 1 & 2 =345 247

studiest

All-cause mortality 11(3.2) 22 (6.3) 0.49 (0.24-1.01) 0.047
TE IPF-related

mortality 4(1.2) 15 (4.3) 0.27 (0.09-0.81) 0.012
Pooled data for

ASCEND, n=623 n=624

CAPACITY 1&2

All-cause mortality 22 (3.5) 42 (8.7) 0.52 (0.31-0.87) 0.011
TE IPF-related

mortality 7(1.1) 22 (3.5) 0.32 (0.14-0.76) 0.006

TData in the CAPACITY 1 & 2 studies were censored at one year

*Cox proportional hazards model

**Log-rank test

Abbreviations: TE- treatment-emergent; TE IPF-related mortality defined as deaths occurring between
randomisation and within 28 days of last dose of study drug.

In the pooled analysis of CAPACITY 1 & 2 at 72 weeks, there were fewer overall
deaths and TE IPF-related deaths in the pirfenidone groups compared to the placebo
groups. Overall, there was a 23% reduction in all-cause mortality vs placebo among
patients treated with pirfenidone 2403 mg/day (HR=0.77; 95% CI: 0.47-1.28;
p=0.315) at Week 72. For TE IPF-related mortality, the HR also favoured pirfenidone
at Week 72 (HR=0.48; 95%CI: 0.24-0.95; p=0.03) (Noble 2011).

In SP3, eleven patients died during the study in the pirfenidone 1800 mg/day (n=3),
pirfenidone 1200 mg/day (n=4), and placebo arms (n=4) (Taniguchi 2010). In SP2,
there were no patient deaths reported in the pirfenidone 1800 mg/day treatment arm

during the study period. There was one death in the placebo arm (Azuma 2005).

Data informing the meta-analysis and NMA at the pre-sepcified common time point of
52 weeks are presented in Table 24 (see Section 4.4 and Figure 3). Data are also

extracted for 72 weeks to inform a sensitivity analysis descried in Section 4.10.
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Table 24. Extracted data used to input into the NMA for all-cause mortality

Study Treatment Time point Events Patients at risk
(Source)

CAPACITY 1 (Data | PFN 52 weeks 6 171
on file") PBO 9 173
CAPACITY 2 (Data PFN 52 weeks 5 174
on file?) PBO 13 174
SP3 PFN 52 weeks 3 110
(Data on file®) PBO 6 109
CAPACITY 1 (Data | PFN 72 weeks 13 171
on file*) PBO 15 173
CAPACITY 2 (Data PFN 72 weeks 8 174
on filed) PBO 15 174

Explanation for differences to the Bl submission:

o We handled CAPACITY 1 & 2 as individual studies.

e For the NMA at 52 weeks, we used internal CAPACITY 1 & 2 data at 52 weeks. Bl used data from Noble
2011 which reports all-cause mortality at 72 weeks.

e For the NMA at 72 weeks, we used internal CAPACITY 1 & 2 data with mortality censored at 72 weeks. The
results published in Noble 2011 included some deaths beyond 72 weeks.

®  SP3 overall mortality data, censored at 52 weeks was available internally. Bl used data from Taniguchi 2010
which only presents treatment-emergent mortality.

1 Roche 2016a
2 Roche 2016a
3 Roche 2016a
4Roche 2016a
5 Roche 2016a

IPF-related mortality data are consistent with the all-cause mortality data. There
were fewer deaths due to IPF or any cause in the pirfenidone-treated arms compared

with placebo. Data informing the meta analysis and NMA are presented in Table 25.
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Table 25. Extracted data used to input into the NMA for IPF-related mortality

Study Treatment Time point Events Patients at risk

(Source)

CAPACITY 1 (Data Pirfenidone 4 171
- 52 weeks

on file’) Placebo 7 173

CAPACITY 2 (Data Pirfenidone 2 174
- 52 weeks

on file?) Placebo 10 174

CAPACITY 1 (Data Pirfenidone 9 171
_ 72 weeks

on file”) Placebo 13 173

CAPACITY 2 (Data Pirfenidone 4 174
o 72 weeks

on file®) Placebo 11 174

ASCEND Pirfenidone 52 weeks 4 278

(Data on file®) Placebo 11 277

Explanation for differences to the Bl submission:
e We handled CAPACITY 1 & 2 as individual studies.

e Treatment-emergent IPF-related mortality were reported the primary manuscripts for ASCEND and
CAPACITY 1 & 2 (measured randomisation to 28 days after the last dose of the study drug). For our
NMA, data was extracted from internal data and measured IPF-related mortality from randomisation to
52 weeks and 72 weeks, regardless of adherence

" Roche 2016a
2 Roche 2016a
3 Roche 2016a
4 Roche 2016a
5Roche 2016a

Progression-Free Survival

Since there is increasing evidence indicating that the fundamental hallmarks of

cancer biology are comparable to those of IPF, progression-free survival (PFS) —

which is usually employed in oncology studies — could be an appropriate endpoint for

IPF studies, using predictive endpoints such as categorical changes in FVC and
distance walked in 6BMWT (Albera 2011).

Four trials reported data for PFS. The definitions of PFS varied across the trials:

e The ASCEND trial defined PFS as a confirmed 210% decline from baseline in

%FVC, confirmed =50 m decline from baseline in 6BMWD, or death;

e The CAPACITY 1 & 2 trials defined PFS as confirmed 210% decline in %
predicted FVC, 215% decline in % predicted DLco or death. In a post-hoc
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analysis, the ASCEND definition of PFS was applied to the CAPACITY trials
at Week 52 and Week 72;

e The SP3 trial defined PFS as VC decline of 210% or death.

In ASCEND, treatment with pirfenidone reduced the risk of death or disease
progression by 43% compared with placebo (HR 0.57; 95% CI, 0.43-0.77 p=0.0001,
log-rank test), see Figure 10 (King 2014). For each component of the composite
endpoint, fewer patients in the pirfenidone group than in the placebo group had a
qualifying event, including death (3.6% vs. 5.1%), a confirmed absolute decrease of
210% predicted FVC (6.5% vs. 17.7%), and a confirmed decrease of 50 m or more in
the 6-minute walk distance (16.5% vs. 19.5%) (King 2014).

Figure 10. Kaplan—-Meier estimates for PFS in ASCEND (all randomised
patients)

o Pirfenidone [M=278)
0‘3-
704
&= 4
o 60 Placebo (N=277)
T 504
2z
= 404 Hazard ratio, 0.57 {95% Cl, 0.43-0.77)
304 P<0.001
204
104
G I L] I ]
0 13 26 39 52
Week
Mo. at Risk
Pirfenidane 276 269 243 219 144
Placebo 273 262 225 192 113

In CAPACITY 2, pirfenidone 2403 mg/day significantly prolonged PFS with a 36%
reduction in the risk of death or disease progression (HR:0.64 [95% CI: 0.44, 0.95]
p=0.023), see Figure 11 (Noble 2011). However, no significant difference was noted
in CAPACITY 1 in PFS for the pirfenidone 2403 mg/day group compared with
placebo (HR: 0.84 [95% CI: 0.58, 1.22] p=0.355), see Figure 12 (Noble 2011). In the
pooled population from CAPACITY 1 & 2, pirfenidone 2403 mg/day significantly
prolonged the PFS by 26% (HR=0.74; 95% CI: 0.57 to 0.96; p=0.025), see Figure 13
(Noble 2011).
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Figure 11.

Kaplan-Meier estimates for PFS in CAPACITY 2 (all randomised patients)

100 :
80
g 60 ‘ -
< Hazard ratio 0-64 (95% Cl 0-44-0-95; p=0-023) i
& 40 |
201 — pirfenidone 2403 mg/day :
—— Pirfenidone 1197 mg/day i
—— Placebo :
0 T T T T T f T T T T
0 12 24 36 48 60 72 84 96 108 120
Number at risk Week
Pirfenidone 2403 mg/day 171 167 160 157 148 138 55 23 5
Pirfenidone 1197 mg/day 87 86 79 74 68 64 27 11 5
Placebo 173 162 150 136 126 116 44 21 4

Figure 12. Kaplan-Meier estimates for PFS in CAPACITY 1 (all randomised patients)

100+
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Pirfenidone 2403 mg/day 170 162 157 149 136 126 61 35 7
Placebo 172 167 153 144 135 123 51 29 7 1

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary

fibrosis
Page 100 of 305



Figure 13. Kaplan-Meier estimates for PFS in the CAPACITY 1 & 2 pooled
population (all randomised patients)

100y ——=—_ 1
807 i\ﬁ ' L‘—\‘
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—

Patients (%)
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— Pirfenidone 2403 mg/day
Placebo

0 T T T T T ; T T T T
0 12 24 36 48 60 72 84 96 108 120

Weeks

Number at risk
Pirfenidone 2403 mg/day 341 329 317 306 284 264 116 58 12 2
Placebo 345 329 303 280 261 239 95 50 1 1

As described above, an exploratory analysis of PFS in the pooled CAPACITY 1 & 2
population was conducted using a definition for disease progression which was in
line with that used in ASCEND: time to the first occurrence of death, confirmed 210%
decline in percent predicted FVC, or confirmed 250 m decrement in 6MWD (Sahn
2011). All patients who were randomised to receive pirfenidone or placebo were
included in this pooled exploratory analysis of PFS. Incorporation of the 6MWD
criterion for disease progression resulted in a 29% relative reduction in the risk of
death or disease progression in patients receiving pirfenidone compared with
placebo (HR: 0.71 [95% CI: 0.57, 0.88]).

A pooled analysis of ASCEND, CAPACITY 1 & 2 studies at Week 52 showed a
significant treatment benefit for pirfenidone over placebo for PFS (HR: 0.62; 95% CI:
0.51-0.76; p<0.0001), see Figure 14 (Noble 2014a).
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Figure 14. Progression free survival at Week 52 in ASCEND, CAPACITY
studies, and in the pooled population
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In SP3, PFS was a pre-specified secondary endpoint. Results showed pirfenidone
1800 mg/day reduced the risk of death or disease progression by 55% compared to
placebo (HR 0.45; 95% CI 0.11-0.79; p=0.028, log-rank test). There was evidence of
a strong treatment effect that began at approximately Day 70 and was sustained
throughout the 52-week study period. (FDA, 2010; Taniguchi 2010).

Table 26. Extracted data for input into the NMA for PFS at 52 & 72 weeks

Study Time point HR (95% CI) p-value
SP3 52 weeks 0.65 (0.48, 0.88) NR
(Lederer 2014)
CAPACITY 1 52 weeks 0.78 (0.52, 1.15) 0.2084
(Data on file')
CAPACITY 2 52 weeks 0.58 (0.40, 0.83) 0.0028
(Data on file?)
CAPACITY 1 72 weeks 0.75 (0.54, 1.06) 0.1006
(Data on file®)
CAPACITY 2 72 weeks 0.57 (0.41, 0.80) 0.0008
(Data on file*)
Explanation on differences to Bl’'s NMA:
e SP3 data was taken from a congress poster Lederer 2014
e CAPACITY 1 & 2 were handled as individual studies
"Roche 2016a
2 Roche 2016a
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Acute Exacerbations

The criteria for acute exacerbations varied across the trials. In CAPACITY 1 and 2,
acute exacerbation required all of the following within a 4-week interval:

e Worsening of PaO2 (=8 mm Hg drop from the most recent value)

o Clinically significant worsening of dyspnoea

¢ New, superimposed ground-glass opacities on HRCT in one or more lobes

¢ All other cardiac, thromboembolic, aspiration, infectious processes ruled out
For ASCEND, acute exacerbations were identified via a post-hoc analysis of adverse

events based on the MedDRA lower level term “acute exacerbation of IPF”.

In SP3, the diagnostic criterion of acute exacerbation of IPF was manifestation of the

following within a month:

¢ Increase in dyspnoea

¢ New ground-glass opacities appear on HRCT in addition to previous

honeycomb lesion

e Oxygen partial pressure in resting arterial blood (PaO2) is lower by more than

10 Torr than previous one

e Exclusion of obvious causes, such as infection, pneumothorax, cancer,

pulmonary embolism or congestive heart failure.

e The serum levels of CRP, LDH are usually elevated as well as serum markers

of interstitial pneumonias, such as KL-6, Sp-A or Sp-D

In SP2, the definition of acute exacerbation of IPF was manifestation of all of the

following:

¢ Worsening, otherwise unexplained clinical features within 1 month
e Progression of dyspnoea over a few days to less than 5 weeks

¢ New radiographic/HRCT parenchymal abnormalities without pneumothorax or

pleural effusion (e.g., new, superimposed ground-glass opacities)
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e A decrease in the PaO2 by 10 mm Hg or more

e Exclusion of apparent infection based on absence of Aspergillus and
pneumococcus antibodies in blood, urine for Legionella pneumophila, and

sputum cultures.

In SP3, the incidence of acute exacerbation during the study or within 28 days after
the termination of the study was 5.6% (n=6), 5.5% (n=3) and 4.8% (n=5) in the
pirfenidone 1800 mg/day, pirfenidone 1200 mg/day and placebo groups,
respectively. No significant differences were seen among the three groups
(Taniguchi 2010). A stepwise multivariate analysis revealed that decline in VC 210%
within 6 months (HR, 3.951, p=0.012) was a significant risk factor for acute

exacerbations (Taniguchi 2011b).

In SP2, the incidence of acute exacerbation of IPF was 14% (n=5) in the placebo
group and was none in the pirfenidone group during the 9 months (p=0.0031)
(Azuma 2005). All five patients with acute exacerbation required hospitalisation for
supportive care that included high-dose corticosteroid therapy and oxygen
supplementation. One of the five patients in the placebo group died after the onset of

acute exacerbation.

The publications for ASCEND and the CAPACITY studies did not report the
incidence of acute exacerbations. These data have been extracted from the CSRs

for use in the meta-analysis and NMA, and are reported in Table 27.
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Table 27. Extracted data for acute exacerbations for ASCEND, CAPACITY 1 & 2 used
to input into NMA

Trial Intervention Time point n
Pirfenidone
2403 mg/da 0
CAPACITY 2 mgday
- n=174 52 weeks
(Data on file')
Placebo 3
n=174
Pirfenidone
2403 mg/da 1
CAPACITY 1 gday
- n=171 52 weeks
(Data on file')
Placebo 0
n=173
Pirfenidone
ASCEND 2403 mg/day 24
N~ n=278 52 weeks
(Data on file?)
Placebo 40
n=277
Explanations for differences to Bl’s NMA:
e For CAPACITY 1 & 2, acute exacerbations were not reported in the primary manuscript Noble
2011. Data at 52 weeks were available as data on file and were handled as separate studies.
e For ASCEND, acute exacerbations were not reported in the primary manuscript King 2014.
Acute exacerbations at 52 weeks were available as data on file.
2 Roche 2016a.

Hospitalisations

Details of hospitalisations were available for the CAPACITY trials and SP2. In the
pooled CAPACITY 1 & 2 population, the number of patients with at least one
hospitalisation for respiratory causes (14.8% pirfenidone 2403 mg/day arm vs. 15%
placebo arm) and non-respiratory causes (20.9% pirfenidone 2403 mg/day vs. 16.1%

placebo arm) was similar across treatment arms (Noble 2011), see Table 28.

Whilst the incidence of hospitalisation was similar, the duration of these hospital
stays was consistently numerically longer in the placebo arms. In SP2, five patients
in the pirfenidone treatment arm were hospitalised due to exacerbations (Azuma
2005).
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Table 28. Post-hoc analysis of hospitalisation observed in CAPACITY 1 & 2

Study arm CAPACITY 2 CAPACITY 1 Pooled
Pirfenidon Pirfenidon Pirfenidon
e 2403 Placebo e 2403 Placebo e 2403 Placebo
mg/day n=174 mg/day n=173 mg/day n=347
n=174 n=171 n=345

Respiratory Hospitalisations (RH)

Number of patients
with at least 1 RH

29 (16.7%)

29 (16.7%)

22 (12.9%)

23 (16.7%)

51 (14.8%) | 52 (15.0%)

Number of RH 34 40 31 37 65 77
Mean length of RH | 7.6 121 8.5 17.3 8.0 14.6
(days)

Total number of 259 484 264 640 522 1124
days in hospital

Average number of | 1.5 2.8 1.5 3.7 1.5 3.2

NRH days per
patient

Non-respiratory hospitalisations (NRH)

Number of patients | 35 (20.1%) | 31 (17.8%) | 37 (21.6%) | 25 (14.5%) | 72 (20.9%) | 56 (16.1%)
with at least 1 NRH

Number of NRH 38 42 48 31 86 73

Mean length of 7.2 16.0 10.1 20.8 8.8 8.0

NRH (days)

Total number of 274 672 485 645 758 1317

days in hospital

Average number of | 1.6 3.9 2.8 3.7 2.2 3.8

NRH days per
patient

Physical Functioning

Categorical analysis of change from baseline in 6MWD

A decrement of 250 metres in 6MWD represents an appropriate and clinically

relevant threshold for a categorical assessment of response to therapy as it has been

associated with an increased risk of mortality (du Bois 2011). Categorical analysis of
6MWD data was carried out post-hoc in the CAPACITY 1 & 2 studies, but was pre-

specified as a secondary endpoint in ASCEND. Results are summarised in Table 29.
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Table 29. Proportion of patients with a mean decline 250 m in 6MWD or death from

baseline the relevant RCTs (ITT population)

Mean decline 250 m

Study (Ref) Time point Treatment in 6MWD or death, Difference, p-value
group n (%)
PFN
ASCEND 2403 mg/day 72 (25.9) Absolute difference: 9.8%
(King 2014 52 weeks (N=278) Relative reduction: 27.5%
Suppl) PBO p=0.04*
(N=277) 99 (35.7)
PFN
CAPACITY 2 72 weeks 248\?:?%(;&])/ P09 p=0.049**
(FDA, 2010) ’
PBO 80 (47.1)
(N=170) '
PFN
(FDA, 2010) '
PBO 79 (47.0)
(N=168) '
PFN
Pooled 2403 mg/day 118 (34.8) Absolute difference: 12.2%
CAPACITY 1 &2 72 weeks (N=339) Relative risk: 26%
(FDA, 2010) PBO p=0.001**
(N=338) 159 (47.0)

PFN- pirfenidone; PBO- placebo
*Rank ANCOVA (pirfenidone 2403 mg/day vs placebo)

**CMH test

A pooled analysis of ASCEND, CAPACITY 1 & 2 studies at comparable time points
of Week 48 to 52 showed treatment with pirfenidone significantly improved 6MWD
compared with placebo (p=0.0004) (Nathan 2014).

Mean change in 6MWD from baseline

The reliability and validity of 6GMWD as a responsive measure of disease status and a

valid endpoint for clinical trials has been demonstrated in a recent study, where the

minimally clinical important difference (MCID) was estimated at 24-45 meters (du

Bois 2011).

Three trials reported data in relation to change in 6MWD (ASCEND, CAPACITY 1 &

2). The overall findings of the three Phase Ill studies provide strong and consistent

evidence for a clinically meaningful benefit of pirfenidone on the exercise tolerance of
patients with IPF, see Table 30.
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Table 30. Mean change from baseline in 6MWD in the relevant RCTs

Study (Ref) Time point UL | LR COE, Difference, p-valuef
group metres
PFN
ASCEND 2403 mg/day 33.5m Absolute difference: 26.7 m
(King 2014 Suppl; 52 weeks (N=278) Relative reduction: 44.2%
InterMune 2014) PBO p=0.036
(N=277) 60.2 m
PFN
CAPACITY 1 2403_mg/day 451 m Absolgte dllfference: 31.8
72 weeks (N=174) Relative difference: NR
(Noble 2011)
PBO 76.9m p<0.001
(N=174) )
PFN
CAPACITY 2 2403 mg/day 60.4 m Absolutg d|fference: 16.4 m
72 weeks (N=171) Relative difference: NR
(Noble 2011) -
PBO 76.8m p=0.171
(N=173) ’
PFN
Pooled 2403 mg/day 528 m Absolute difference: 24 m
CAPACITY 1 &2 72 weeks (N=345) Relative difference: 31.2%
(Noble 2011) PBO p=0.0009
(N=347) 76.8 m

PFN- pirfenidone; PBO- placebo
tRank ANCOVA (pirfenidone 2403 mg/day vs placebo)

In the pooled analysis of the CAPACITY trials, the mean decline from baseline for

6MWD was markedly reduced in the pirfenidone group compared to the placebo

group at Week 72 (-52.8m and -76.8m, respectively; absolute difference of 24 m; p <

0.001) (Noble 2011), see Figure 15.
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Figure 15. Mean change from baseline in 6MWD in CAPACITY 1 & 2 pooled population
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Table 31. Extracted data used to input into NMA for 6MWD

Study Treatment Time Mean SD Mean p-value
(source) point change difference
from from PBO
baseline
CAPACITY 1 PFN 48 weeks -23.5 114.7 21.5 0.023
(Data on file) | 2403 mg/day
(n=169)
PBO -44.9 105.74
(n=168)
CAPACITY 2 PFN 48 weeks -34.50 100.02 18.0 0.068
(Data on file) | 2403 mg/day
(n=170)
PBO -52.60 121.01
(n=170)
ASCEND PFN 52 weeks -33.6 95.73 26.7 0.036
2403 mg/day
(n=278)
PBO -60.2 122.56
(n=277)

Change in Health Related Quality of Life
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St. George’s Respiratory Questionnaire

The validity of the SGRQ to capture QoL and changes over time in patients with IPF
has been shown in a number of studies, with several showing a strong correlation
between physical impairment and disease severity, clinical symptoms, and functional
disability in patients with IPF (Lee 2014).

Only the CAPACITY trials reported data for this outcome. At Week 72, there was no

evidence of a treatment effect in either trial.

Table 32. Summary of change in health status from baseline to Week 72 in CAPACITY
1 & 2 (all randomised patients)

Change from baseline to Week 72
(mean * SD) p-value*
Pirfenidone Placebo
CAPACITY 2 (n=163) (n=165)
SGRQ 7.6 +18.89 9.0 £ 18.86 0.495
CAPACITY 1 (n=166) (n=169)
SGRQ 7.2+16.85 7.3 +£20.37 0.766
*Rank ANCOVA stratified by geographic region (USA and rest of world). Missing data due to a patient’s
death were ranked as worse than any non-death and according to time until death

Table 33. Extracted data used to input into NMA for change in SGRQ score from
baseline

Time Change from baseline Diff vs. placebo
Trial Treatment . .
point Mean change SD Mean diff | p value
PFN
CAPACITY | 2403 mg/day 48 4.4 14.94
2 (Data on (n=163) -2.5 0.525
g weeks
file') PBO 6.8 16.96
(n=165) ' '
PFN
CAPACITY | 2403 mg/day 48 4 13.87
1 (Data on (n=166) -0.1 0.6738
- weeks
file?) Placebo 41 16.36
(n=169) ’ '
"Roche 2016a
2Roche 2016a

University of San Diego Shortness of Breath Questionnaire
It has been reported that the SOBQ can be used to formulate clinically relevant
inferences about IPF patients (Gries 2013; Swigris 2014). This total score in this

questionnaire increases with increased dysponea, and an increment of 20 points is
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considered a clinically relevant threshold based on estimates of the minimal
important difference for the USCD SOBAQ that range from 5-11 (Swigris 2012).

In ASCEND, the proportion of patients with 220 point increase in shortness of breath
as measured by SOBQ was smaller in patients receiving pirfenidone compared with
placebo (p=0.1577), see Table 34 (InterMune, 2014). In CAPACITY 1 & 2, no
significant differences were observed between the pirfenidone and placebo groups
for the change from baseline to Week 72, see Table 35. Pooled data from the three
studies showed pirfenidone treatment reduced the proportion of patients who

experienced a 220 point increase or death (p=0.0471) (Noble 2014a).

Table 34. Categorical outcomes for UCSD SOBQ in ASCEND at Week 521 (all
randomised)

Pirfenidone Placebo ~value*
Outcomes, n (%) 2403 mg/day (n=278) (n=277) P
Worsening score =20
points or death 81 (29.1) 100 (36.1)
Worsening score <20 124 (44.6) 115 (41.5) 0.1577
to 0 points
No worsening (score
change <0 points) 73 (26.3) 62 (22.4)

TMissing data due to reasons other than death were imputed using the sum of squared differences (SSD) method
and included in the 220 points category
*p-value by rank ANCOVA

Table 35. Mean change in UCSD SOBQ score from baseline for the relevant RCTs (ITT
population)

Study (Ref) e e Treatment Mean change in p-value’
group dyspnoea score
PFN
CAPACITY 2 72 weeks 248\1??4/1(;“ e p=0.509
(FDA, 2010) ’
PBO 15.2
(N=174) '
PFN
CAPACITY 1 72 weeks 248\?33{"3)'33/ e p=0.604
(FDA, 2010) '
PBO 13.9
(N=173) '
PFN- pirfenidone; PBO- placebo
*Rank ANCOVA (pirfenidone 2403 mg/day vs placebo)
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Data on the change in SOBQ score from baseline were extracted from ASCEND and

CAPACITY studies at a common timepoint, and are presented in Table 36.

Table 36. Extracted data used to input into NMA for change in SOBQ score from
baseline

Time Change from baseline
Trial Treatment . N
point Mean change SD
PFN
CAPACITY 2 (2403 mg/day (n=171) 48 e 8.3 21.17
(Data on file')  |PBO weeks
(n=169) 169 12.1 23.6
PFN
CAPACITY 1 2403 mg/day (n=168) 48 168 76 18.78
a2
(Data on file?) |PBO weeks 171 10.2 24.97
(n=171)
PFN
ASCEND 2403 mg/day (n=278) 52 278 14 23.68
(Data on file®) |PBO weeks
(n=277) 277 17.3 24.49
"Roche 2016a
2Roche 2016a
3Roche 2016a

Gas Transfer

Measurement of the carbon monoxide diffusing capacity of the lungs (DLco)
Four of the trials (CAPACITY 1 & 2, SP3, SP2) reported data in relation to the
change from baseline in DLco. The CAPACITY trials reported the change in %
predicted DLco while SP2 and SP3 reported the mean decline (mL/min/mmHG).

There was a reduced mean decline from baseline in percent predicted Hgb-corrected
DLco that tended to favour pirfenidone 2403 mg/day in CAPACITY 2 (mean change
of -7.9% and -9.9%, for pirfenidone and placebo respectively, p=0.145) that was not
observed in CAPACITY 1 (mean change of -9.8% and -9.2%, respectively, p =
0.996) at Week 72 (Noble 2011). A published, pooled analyses indicated that there

is no evidence of a treatment effect for this outcome (p=0.301) (Noble 2011).

In both the SP2 and SP3 trials, there was no statistical difference in mean decline of

DLco between pirfenidone 1800 mg/day and placebo (Taniguchi 2010; Azuma 2005).
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4.8 Subgroup analysis

| CAPACITY 1 &2

Pre-specified analyses of study outcomes from CAPACITY 1 & 2, performed in
subgroups defined by baseline patient characteristics were generally consistent with
the overall population findings (FDA, 2010).

Pooled CAPACITY 1 & 2 data were also used for analysis of the primary efficacy
outcome variable in subpopulations defined by baseline patient characteristics.
There was no evidence of interaction between treatment and the following
subgroups: sex (p=0.263), age (p=0.864), race (p=0.807), geographic region
(p=0.359), and baseline IPF severity (p=0.352), see Figure 16. There was evidence
of an interaction between treatment and time from IPF diagnosis to randomisation,
with those patients diagnosed more than a year before randomisation experiencing a
significantly greater treatment effect. Both subgroups still favoured pirfenidone over
placebo (absolute difference in percent predicted FVC at 72 week 0.7 vs 4.7 p=0.021
(FDA 2010)).

Figure 16: Subgroup analyses of difference between pirfenidone and

placebo in mean change from baseline to Week 72 in % predicted
FVC (pooled CAPACITY studies)

Favors Placebo Favors Pirfenidone

Sex: Male —T—
Sex: Female ——
Age: <65 _——
Age: 65to 74 —r——
Age: 275 L L
Race: White h—a—
Race: Non white ' =
Region: USA ——
Region: ROW L =
Time since diagnosis: < 1 year k =
Time since diagnosis: 2 1 year —a—
Baseline severity FVC: < 70% A
Baseline severity FVC: 70% to 80% L =
Baseline severity FVC: 2 80% L
Baseline O, use: Yes L =
Baseline O, use: No =
Baseline 6MWT O, use: Yes = =
Baseline 6MWT O, use: No L
10 0 10 20

Absolute difference between Pirfenidone 2403 mg/d and
placebo in mean change from baseline to Wk 72 in %FVC
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Overall, a treatment effect was seen in all subgroups and no difference in treatment

effect was found across all demographic and baseline disease subgroups.

Pooled subgroup analysis of ASCEND, CAPACITY 1 & 2 (post-hoc)

A post-hoc analysis of pooled data from ASCEND, CAPACITY 1 & 2 was conducted
to examine the effects of pirfenidone on patients stratified by earlier vs. more
advanced disease severity (Albera 2015). Populations were stratified by baseline
FVC =280% (pirfenidone, n=146; placebo, n=170) and baseline FVC <80%
(pirfenidone, n=477; placebo n=454). Baseline characteristics and demographics
were similar across groups. Efficacy outcomes of interest include absolute 210%
FVC decline, 250m 6MWD decline, and =20-point worsening of dyspnoea as
measured by UCSD SOBQ. Treatment-by-subgroup interaction was tested based on
rank ANCOVA model. Missing FVC, 6MWD and UCSD SOBQ values were imputed
by using the sum of squared differences method. Factors in the model include study,
geographic region, treatment group, subgroups, and treatment-by-subgroup

interaction. A proportional hazards model estimated the HR between subgroups.
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Results demonstrated that treatment with pirfenidone leads to a consistent effect in
the risk of FVC decline = 10% or death regardless of baseline FVC level, with no
significant difference found between those patients with baseline FVC = 80%
predicted vs, those with FVC < 80% predicted (

Figure 17).

Figure 17. Treatment effect of pirfenidone by baseline disease severity from
pooled data of ASCEND, CAPACITY 1 & 2

Standardized Treatment Effect  Interaction
Outcome  Subgroup Treatment Effect® P Value® P Value®
i
— FVC < 80% = < 0.0001
FVC 2 80% I —— <0.0001 0.3969
FVCe = '
GAP stage II-lll 1 —— < 0.0001 0.8152
_ GAP stagel . —— < 0.0001 '
]
— FVC<80% | —— 0.0011 09583
FVC = 80% —_—— 0.0514 -
sMwp '
GAP stage II-1ll =+ 0.0074
_ GAP stage | :—0— 0.0197 0.9327
1
— FVC < 80% R 0.0053 0.1957
ucsD _| FVC 2 80% 0.8929 :
SOB !
Q GAP stage II-lll | —— 0.0096
‘— GAP stage | 0.9767 0.0804
1
-10 -05 0.0 0.5 1.0
- Favors Placebo Favors Pirfenidoﬁe

A separate post-hoc analysis was conducted to evaluate the outcomes of patients
who experienced a 210% decline in % FVC during the first 6 months of treatment in
ASCEND, CAPACITY 1 & 2 studies (N=1247) (Nathan 2015a, Nathan 2016).
Significantly fewer patients receiving pirfenidone experienced a subsequent 210%

decline in percent predicted FVC or death compared with placebo.

These findings suggest a potential benefit to continued treatment with pirfenidone
despite an initial decline in FVC, which is not consistent with the stopping rule
currently recommended in TA282 (NICE 2013a).
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Table 37. Outcomes following previous >10% decline in FVC

Pirfenidone

Placebo

Relative

0,
Outcome, n (%) (n=24) (n=60) Difference* P value
>109 ine i
210% decline in FVC or 1 (4.2) 15 (25.0) -83.3% 0.032
death
Death 0 0) 10 (16.7) ~100% 0.056

0, 0, H H

>0% to <10% decline in 9 (375 | 23  (383) -2.2% ND
FVC
No further decline in 14 (583) | 22 (36.7) 59.1 0.089
FVC
*Relative difference calculated using the following formula: 100 x [pirfenidone — placebo]/[placebo]

These results were supported by an additional post-hoc analysis of pooled ASCEND,
CAPACITY 1 & 2 data, which evaluated the effect of pirfenidone on patient
subgroups (age [< 65 years, 65-74 years, =75 years], and smoker status
[current/former smoker, never smoked] and baseline disease status (e.g. time since
diagnosis, supplemental oxygen use, % predicted FVC [<65, 65 to <80, >80), %
predicted DLco [<40, 40 to 50, =250], and 6MWD) (Noble 2014b). Overall, a
treatment effect was seen in all subgroups and no difference in treatment effect was

found across all demographic and baseline disease subgroups.

SP3

An exploratory subgroup analysis was conducted in SP3 (Azuma 2011).

Patients were stratified by baseline % predicted VC, PaO2, and the lowest SpO2
during the 6BMWT. IPF patients with baseline % predicted VC = 70% and SpO2 <
90% were most likely to benefit from pirfenidone when evaluated using changes in
VC, and cough and dyspnoea symptoms (Azuma 2011). Stratified analysis from
other exploratory examination showed similar results (Taniguchi 2010; Ebina 2010).
Pirfenidone-treated patients with % predicted VC = 70% at baseline, had significantly
improved clinical outcomes by reducing decline in VC, and elongated the PFS
duration at Week 52 (Taniguchi 2010; Ebina 2010). These results demonstrated

pirfenidone exerted more pronounced effects in IPF patients with mild impairment.

RECAP

Patients who entered the long-term extension study, RECAP, were evaluated in two
groups: those with a % predicted FVC <50% and those at >50%. Mean FVC and
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DLco values were |l and Il in patients with FVC <50% predicted,
compared to [l and . in the FVC >50% predicted cohort (Roche 2016a).

Both groups declined similarly over 180 weeks, with an annual rate of decline of
B B Long-term treatment with pirfenidone had a similar rate of decline in
patients with baseline FVC<50% compared to patient with more preserved lung

function (Figure 18).

This suggests that the treatment benefit from pirfenidone is consistent across FVC
levels, supporting early intervatntion and continued treatment.

Figure 18: Mean (SD) of percent predicted FVC over time (RECAP) by baseline FVC
category (< 50% predicted or 2 50% predicted)
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4.9 Meta-analysis

e The methods and results of the meta-analyses conducted to inform the NMA

are fully described in Appendix 9.

e Meta-analysis was used compare pirfenidone with placebo in patients with

mild to moderate IPF.

e The outcomes evaluated include: change from baseline in lung capacity; all-
cause and IPF-related mortality; progression free survival; acute
exacerbation; changes from baseline in 6MWD and USCD SOBQ;

discontinuation of treatment and treatment related serious adverse events.

e To ensure the internal and external validity of the analyses, each meta-
analysis summarises an outcome for a specific time point. The principal meta-
analyses summarise each outcome at one year. Data at this time point was
available for SP3, CAPACITY 1 and 2 and ASCEND. For some outcomes,
sensitivity analyses also include CAPACITY data up to 72 weeks.

e SP2 was excluded from the analyses as it was previously considered to be an
outlier by NICE in the nintedanib appraisal (NICE 2015d). Furthermore, SP2

did not provide any data at one year (SP2 was stopped at 36 weeks).
e Random effects models were specified as the principal analysis.

e The meta-analyses suggest that pirfenidone slows the rate of decline in FVC
and improves survival. For percent predicted FVC, on average, over 52
weeks, patients receiving pirfenidone decline by 3.4 percentage points less
than patients receiving placebo (95% CI: 1.9% to 4.9%). The meta-analysis of
change from baseline in FVC (measured in litres) also shows that pirfenidone

slows the decline in lung function.

e Compared to placebo, at 52 weeks, pirfenidone reduces all-cause mortality
[HR: 0.52, 95% CI: 0.31 to 0.88] and IPF-related mortality [HR: 0.37 (0.18,
0.76)]. Pirfenidone also improves progression free survival [HR 0.63 (0.53,
0.74)].

e The meta-analyses also suggest that pirfenidone reduces the decline in
6MWD and USCD SOBQ.
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e For acute exacerbation, the random effects meta-analysis suggests no
evidence of a difference between pirfenidone and placebo. A critical limitation
of this analysis is that different studies used different definitions of acute

exacerbation (see Section 4.7).

e There was no evidence that treatment with pirfenidone affects the rate of all-
cause discontinuation of treatment or the rate of treatment related serious

adverse events.
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4.10

Indirect and mixed treatment comparisons

Summary of network meta-analyses

There are no head-to-head trials comparing pirfenidone with nintedanib in
patients with IPF, therefore a NMA was conducted. The NMA was conducted
to support pricing and reimbursement submissions across all markets, and

so also includes NAC and triple therapy.

The outcomes evaluated include: change in % predicted FVC, FVC in litres,
6MWD, SOBQ, SGRQ total score, mortality, PFS, acute exacerbations of
IPF and discontinuation of treatment. The NMA was not conducted for

change from baseline in DLco due to the lack of comparator trial data.

To ensure the internal and external validity of the analyses, each meta-
analysis summarises an outcome for a specific time point. The principal NMA
summarise each outcome at one year (sensitivity analyses include
CAPACITY data up to 72 weeks)

The base case network included all Phase Il and Il trials of pirfenidone,
nintedanib, NAC and triple therapy with the exception of SP2 (King 2014;
Noble 2011; Taniguchi 2010; Richeldi 2014; Martinez 2014; Richeldi 2011;
Raghu 2012).

Extracted (unpublished) TOMORROW and INPULSIS data reported in the
nintedanib submission have been included in our NMA where appropriate

[Boehringer Ingelheim 2015]

The NMA was conducted using standard Bayesian approaches, following the
guidelines set out by the NICE Technical Support Documents on evidence
synthesis [NICE DSU 2011a]. Random effects models were specified as the

principal analysis.

For the changes from baseline in percent predicted FVC/VC and FVC/VC
(litres), the NMA suggests that both pirfenidone and nintedanib are superior

to placebo.

The NMA suggests that pirfenidone reduces all-cause and IPF-related

mortality, compared to placebo. Pirfenidone also increases PFS. There is no
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evidence that nintedanib reduces mortality or improves PFS.

e For acute exacerbation and change from baseline in SGRQ there is no

evidence of a difference between any of the treatments.

e For all-cause discontinuation of treatment, there is no evidence of a
difference between pirfenidone and placebo. Nintedanib increases the odds

of all-cause discontinuation of treatment, relative to placebo.

Search strategy

In absence of head-to-head trials of pirfenidone with other IPF treatments, a
systematic literature review and NMA was performed to estimate the relative
effectiveness of pirfenidone to other available treatments (Roche 2016). A search
strategy was developed to identify any RCT of IPF so this would identify pirfenidone
and comparator studies for the treatment of IPF in line with the decision problem.
Information sources and literature search for study selection has been described in
section 4.1.2 and full details of the search strategies, databases and resources used

to identify studies are provided in Appendix 3.

Study selection
The NMA was conducted to support pricing and reimbursement submissions across
all markets, and included placebo, pirfenidone, nintedanib, NAC and triple therapy.

NAC and triple therapy as treatments of interest.

The process of study selection for abstract and full-text review was the same as
detailed in section 4.1. However, the PICOS criteria were amended to capture RCTs

of pirfenidone and other comparators (including nintedanib), see Table 38.
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Table 38. Criteria used in the trial selection process for NMA

Clinical effectiveness

Inclusion criteria

Exclusion criteria

Population Adults (aged 18 or older) with | Studies of children and
suspected or diagnosed IPF | young people (younger than
18)
Studies of people with a
diagnosis of pulmonary
fibrosis as a complication of
either of the following:

e Connective tissue
disorders (systemic
lupus erythematosus,
rheumatoid arthritis,
scleroderma,
polymyositis, and
dermatomyositis)

A known exogenous agent
(for example, drug induced
disease or asbestosis)
Intervention e Pirfenidone Interventions or combinations
¢ Double therapy (with of interventions other than
prednisone and those listed
azathioprine)
e N-acetylcysteine (NAC)
e Nintedanib
e Triple therapy
(Prednisone and
azathioprine and NAC)
Comparators e Placebo or best Comparators or combinations
supportive care of comparators other than
e Double therapy (with those listed
Prednisone and
azathioprine)
o N-acetylcysteine (NAC)
¢ Nintedanib
e Pirfenidone
e Triple therapy
(Prednisone and
azathioprine and NAC)
Outcomes e Lung capacity (VC/FVC) | e Anticoagulation for the

e Gas transfer (DLco)

e Physical functioning
(6MWD)

e Progression-free
survival (PFS)

e Adverse effects of
treatment

e Health related quality of
life measured using
SGRQ, SOBQ,

treatment of pulmonary
hypertension Treatment
of lung cancer

e Lung transplantation
other than timing and
referral
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dyspnoea score or EQ-
5D

e Hospitalisations

e Acute exacerbations

e Mortality (All cause or
IPF-related)

e Categorical declines in
FVC (0%, 5% and 10%)

e Discontinuation

e Compliance

Trial design e Studies in humans, e Cross-over RCTs
published as Phase Il or
Il RCTs

e Studies published as
abstracts, conference
presentations or press
releases were eligible if
adequate data were
provided

e SRs were eligible for
inclusion as a source of
references to primary
studies

Language restrictions No language limits No language limits

Results

A total of 4394 records were identified (after de-duplication) and assessed for
relevance. Subsequent titles and abstract review was performed, and 116 full text
documents were retrieved and assessed against the eligibility criteria. Subsequently,
56 documents reporting results of 10 RCTs were identified. A study flow diagram for

the NMA systematic literature review is presented in Figure 2.

We are aware of further outcomes reported from the TOMORROW and INPULSIS
studies, which were presented in the nintedanib NICE manufacturer submission
(Richeldi 2011, Richeldi 2014); specifically:

e Acute exacerbation data from the TOMORROW study (Richeldi 2011)

e 6MWD data from the TOMORROW study

e PFS data from the pooled INPULSIS trials (Richeldi 2014)
These data became available after our systematic literature review was conducted in

April 2015. Where appropriate, these have been included in the NMA.
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Of the ten trials identified, two of these trials (SP2 and IFIGENIA) were excluded

from the NMA for reasons presented in section 4.10.5.

The trials included in the base case network are summarised in Table 39. As a
sensitivity analysis, NMA was also applied to a restricted network. The restricted
network is limited to phase Il trials, and excludes triple therapy. Trials included in the

restricted network are indicated in Table 39.

Table 39. Summary of the trials used to carry out the indirect or mixed treatment
comparison

Trial Included in Placebo PFN NAC Triple NTB
(Reference) restricted (oral) therapy
network?
ASCEND Yes Yes Yes
(King 2014)
CAPACITY 1 Yes Yes Yes
(Noble 2011)
CAPACITY 2 Yes Yes Yes
(Noble 2011)
SP3 Yes Yes Yes
(Taniguchi 2010)
INPULSIS-1 Yes Yes Yes
(Richeldi 2014)
INPULSIS-2 Yes Yes Yes
(Richeldi 2014)
PANTHER* (Raghu Yes* Yes Yes
2012; Martinez 2014)
TOMORROW Yes Yes
(Richeldi 2011)

* Only the placebo and NAC arms of PANTHER are included in the restricted network
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Figure 19. Network diagram including all trials for NMA
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PANTHER PANTHER

NS

[ Triple therapy

All trials are included in the base-case network
Red italicised text indicates trials excluded from the restricted network

The literature search and NMA described above were developed to support
submissions of pirfenidone to all national agencies: as such, some comparators of
interest included in the searches are beyond the scope of this appraisal. Given the
IFIGENIA trial compares double and triple therapy, inclusion of this trial would not
contribute any information to the comparisons of interest in this appraisal and so will

not feature in any of the NMA.

Consistent with the meta-analysis (Section 4.9) and conclusions of the ERG and
NICE Committee on review of the nintedanib manufacturer submission, SP2 was
excluded from all (extended) networks as it is considered an outlier, and did not
provide any data at one year (SP2 was stopped at 36 weeks) [NICE 2015f, NICE
2016].

Methods and outcomes of included studies

Time points

A key assumption of NMA is that studies should be similar in terms of any
characteristics that impact the treatment effect. The principal NMAs in this
submission summarise each outcome at approximately one year (48 weeks to 60
weeks). We make the assumption that treatment effects will be similar across these
time points. The NMA presented in the nintedanib NICE manufacturer submission
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BI’s included data from 36 to 72 weeks [Boehringer Ingelheim 2015]. It is difficult to

justify whether treatment effects will be stable over this longer time period.

Outcomes included in studies
Outcome measures were chosen to reflect the decision problem. The NMA was

conducted for the following outcomes:
Survival outcomes

e |PF-related mortality
e All-cause mortality
e PFS
Survival outcomes were analysed on the log-hazard scale (leading to HRs):
e For the principal analysis, we assumed that proportional hazards is an

acceptable assumption up to 52 weeks, but not beyond. For the CAPACITY

studies we used the estimates of the HR reported at 48 weeks/12months;

e As a sensitivity analysis, we assumed that proportional hazards holds up to
Week 72. For the CAPACITY studies we used the estimates of the HR at
Week 72.

We evaluated overall survival (all-cause mortality) on the hazard ratios scale,

whereas the nintedanib NICE manufacturer submission only evaluated this outcome
using the odds ratio scale. Hazard ratios provide a more precise measure of survival
because they account for the time of death, whereas odds ratios only account for the

number of deaths.
Continuous outcomes

e Percent predicted FVC

FVC litres

e 6MWD

SGRAQ total score

UCSD SOBQ
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Continuous outcomes were analysed according to change from baseline at 12
months. Where data at 12 months/52 weeks was not available, data from 48 to 60

weeks was used instead.
Binomial outcomes:

e Decline of 210% in FVC percent predicted
e Discontinuation of the treatment for any reason
e Acute exacerbation of IPF

Binomial outcomes were analysed as the proportion of patients with the event at 12
months (leading to odds ratios). Where data at 12 months/52 weeks was not

available, data from 48 to 60 weeks was used instead.
Populations included in the studies

Populations included in the trials are in line with the licensed indications and the
scope. All patients had mild to moderate impairment in pulmonary function at

baseline.
Full details of the patient characteristics in each trial can be found in Appendix 10.

Although the eligible age varied slightly across studies, the average ages of the
actual populations were similar (62-69 years). In all studies over 70% of the
population in each trial was male and in seven trials the majority of patients were
white. There was a high Japanese contingent in the INPULSIS trials compared to
the other trials assessed. In all trials, IPF diagnosis was made in accordance with
applicable consensus guidelines. This was conducted by central review in the
ASCEND trial.

Whilst the SP3 study used a lower dose of pirfenidone than that licensed in the UK,
this reflects the difference in mean weights in the North American and European

population compared to the Japanese population.

All patients had mild to moderate impairment in pulmonary function at baseline
however measures of function were reported inconsistently across trials at baseline.

Approximately half of the patients in the CAPACITY trials had a diagnosis for less
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than 1 year (Noble 2011). The majority of patients in the remaining trials had been

diagnosed for 1 year or more.

All studies (with the exception of the TOMORROW trial) reported patients’ smoking
history. The majority of patients had smoked in the past but were not smokers when

joining the trial, and this was consistent across the trials.

Although there were some differences between the baseline populations in the
included trials, there were no major concerns regarding the inclusion of any of these

trials in the network.

Further detail on the baseline characteristics, methods, outcomes, and results for
each of the comparator studies can be found in Appendix 10. Further detail on the
baseline characteristics, methods, outcomes, and results for the pirfenidone studies

can be found in section 4.7.
Extracted data for the NMA can be found in Appendix 11.
Risk of bias

A summary of the quality assessment for each RCT included in the NMA is
summarised below (Table 40). For the full quality assessments for each study,

please refer to Appendix 10.

The majority of studies were of good quality, with low risk of bias. All studies were
Phase Il or Il RCTs. Although all trials reported randomisation, some did not report
details of the randomisation process so it was unclear whether this process was
adequate in all trials. For the purpose of these analyses, it is assumed that
randomisation process was adequate for all. Planned treatment duration varied from
52 weeks (ASCEND) to 72 weeks (CAPACITY 1 & 2). Planned analysis in
PANTHER was 60 weeks, however, the triple therapy arm was terminated after a
mean follow-up of 32 weeks. The implications of this will be explored in each for

each outcome in turn.
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Table 40. Quality assessment summary of RCTs included for NMA

Low risk
Low risk
Low risk
Some risk of bias
Low risk
Low risk

Yes
Yes
Yes
No
No
No

No
No
No
No
No
No

No
No
No
Yes (at interim analysis)
No
No

Yes
Unclear
Yes
Unclear
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Unclear
Yes
Yes
Unclear
Yes

CAPACITY 1 &
CAPACITY 2
SP3
ASCEND
PANTHER
TOMORROW
INPLUSIS-1 &
INPULSIS-2
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All the trials reported some degree of discontinuation and loss to follow up. The
trials used different methods for handling missing data. In the CAPACITY trials, a
conservative approach was applied whereby missing values as a result of death
were assigned the worst rank in ANCOVA analyses, and worst possible outcome in
mean change analyses (eg, FVC=0) and categorical analyses. Other missing data
were imputed with the average value from three patients with the smallest sum of

squared differences at each visit with data that were not missing.

For SP3 and the analysis of secondary endpoints in the TOMORROW trial, the last-
observation-carried-forward (LOCF) approach was used when data for the entire 52-

week period were not available.

In the INPULSIS trials the statistical model used for the primary analysis allowed for
missing data, assuming that they were missing at random; missing data were not

imputed for the primary analysis.

A pragmatic approach was taken for the analysis, i.e. including all trials in the NMA,
regardless of discontinuation, loss to follow-up and how missing data was handled.
Whilst some methods for handling missing data may produce biased results, strict
criteria on the handling of missing data, could lead to the exclusion of most trials

from the network.

Method of analysis

The NMA was conducted using standard Bayesian approaches, following the
guidelines set out by the NICE Technical Support Documents on evidence synthesis
(full details of the statistical methodology are provided in Appendix 12 (NICE DSU
2011a).

Choice of Model (random effects models versus fixed effect models)
For the network meta-analyses, random effects models were specified as the

principal analysis.

Random effects models are considered more appropriate than fixed effect models
because there is heterogeneity in the way some outcomes are measured and in the
way missing data is handled (for further details please see the feasibility
assessment). Fixed effect models will also be fitted for comparison as sensitivity
analyses.
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With respect to the network meta-analyses, a key limitation of the random effects
models is that there are few studies to estimate the between-study variance. This
lack of information may lead to a high level of uncertainty in the results. Despite this
limitation, we consider the assumption of no heterogeneity made in the fixed effect
model to be unrealistic. As such, we favour the random effects over the fixed effect

model.

Assessment of Heterogeneity
Statistical heterogeneity was assessed for each outcome. For each pairwise
comparison that was informed by at least two trials an ordinary meta-analysis was

performed.

The results were displayed in forest plots. The forest plots provide an assessment of
heterogeneity including the |-squared statistic, between-study variance (tau-squared)

and the p-value of the heterogeneity statistic Q.

Reporting of results

For each outcome, summaries of the difference between treatments are reported.
For continuous outcomes (e.g. FVC, 6MWD) this report presents the mean
difference in the change from baseline; for binary outcomes (e.g. adverse events,
discontinuation) this report presents the odds ratio, and for survival outcomes (e.g.
PFS, all-cause mortality) this report presents the hazard ratio. We have provided
posterior medians as point estimates, accompanied by 95% credible intervals (Crl)
(the Bayesian analogue of confidence intervals). The estimates and their 95%

credible intervals are presented in matrix tables and forest plots.

Results of the NMA

This section presents the results of the random effects models for the base case
network (phrased: base case network (random effects model). A summary of the
results for all outcomes is provided in Table 55. Forest plots for the statistical
assessments of heterogeneity are provided in Appendix 13. Three sensitivity
analyses were conducted: base case network (fixed effect model), restricted network
(random effects model) and restricted network (fixed effect model). The results of the

sensitivity analyses are provided in Appendix 11.
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Lung Capacity

e For the changes from baseline in percent predicted FVC/VC and FVC/VC
(litres), the NMA suggests that both pirfenidone and nintedanib are superior
to placebo. There is no evidence of a statistically significant difference

between pirfenidone and nintedanib.

e For decline in percent predicted FVC of 10% or more, the NMA suggests
that pirfenidone is superior to placebo. There is no evidence of a difference
between nintedanib and placebo. Nor is there evidence of a difference

between pirfenidone and placebo.

All studies, with the exception of SP3, used FVC to measure lung capacity. In SP3,
lung capacity was measured by VC. As noted in Section 4.9, FVC and VC were
considered to be identical in patients with restrictive lung disease such as IPF and
therefore were combined for the NMA, similar to the nintedanib NICE manufacturer
submission which was accepted as a valid approach by the ERG and NICE
Committee [Boehringer Ingelheim 2015, NICE 2015f, NICE 2016].

Change in Percent Predicted FVC/VC

For the base case network, change in percentage of predicted FVC/VC was reported
for SP3, CAPACITY 1 and 2, ASCEND, TOMORROW, INPULSIS 1 & 2, and
PANTHER (NAC versus placebo arm only).

A difference was noted between the studies in terms of how missing data was
analysed. In the key publications, SP3, CAPACITY 1 and 2, ASCEND and
TOMORROW presented results based on the imputation of missing values. For SP3
and TOMORROW, missing values were imputed using the last observation carried
forward (LOCF) approach (Taniguchi, Richeldi 2011). For CAPACITY 1 and 2 and
ASCEND, missing values as a result of death were assigned the worst possible
outcome and missing data due to reasons other than death were imputed using the
smallest sum of squared differences method (Noble 2011). The other studies
(INPULSIS | and Il and PANTHER) assumed that data was missing at random and

did not impute missing values.
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Assessment of statistical heterogeneity

For the comparison of placebo with pirfenidone, the I-squared statistic is 24.4%,
indicating low heterogeneity. For the comparison of nintedanib with placebo the I-

squared statistic was 0%, indicating minimal heterogeneity.

Base case network (random effects model)

The results of the random effects (RE) model are provided in Figure 20and Table 41
below. The results suggest that both pirfenidone and nintedanib are superior to
placebo. There is no evidence of a difference between pirfenidone and nintedanib.
The sensitivity analysis is consistent with the base case analysis and can be found in

Appendix 14..

Figure 20. Forest plot of the mean difference in change from baseline in percentage of
predicted FVC/VC (%) (base case network, RE model)

Pirfenidone 2403mg/day vs placebo
3.39 [1.94, 4.84]

Pirfenidone 2403mg/day vs Nintedanib 300mg/day
0.05[-1.81,1.8]

Pirfenidone 2403mg/day vs NAC
3[0.4,5.62)

Mean difference in change from baseline (%)

Table 41. Estimates and 95% credible intervals for the mean difference in change from
baseline in percentage of predicted FVC/VC (%) (base case network, RE model)

Nintedanib
300mg/day

Pirfenidone

Placebo 2403mg/day (*)

NAC

Placebo
Pirfenidone 2403mg/day (*)
Nintedanib 300mg/day

NAC

-3.39 (-4.84, -1.94)
-3.33 (-4.50, -2.34)

-0.38 (-2.54, 1.79)

3.39 (1.94, 4.84)

0.05 (-1.81, 1.80)

3(0.40, 5.62)

3.33 (2.34, 4.5)

-0.05 (-1.80, 1.81)

2.95 (0.61, 5.44)

0.38 (-1.79, 2.54)
-3.00 (-5.62, -0.40)

-2.95 (-5.44, -0.61)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Mean differences
are calculated as column treatment minus row treatment, with a positive result being favourable to the column

treatment.
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Change from Baseline in FVC/VC (L)
Change in VC/FVC (L) was reported for all trials. As per percentage of predicted
FVC/VC, a difference was noted between the studies in terms of how missing data

was analysed.

Assessment of statistical heterogeneity

For the comparison of pirfenidone with placebo, the I-squared statistic was 50%,
indicating moderate heterogeneity; for the comparison of nintedanib with placebo,

the I-squared statistic was 0%, indicating minimal heterogeneity.

Base case network (random effects model)

For the base case, the results of the random effects model are provided in Figure 21
and Table 42. According to the results, pirfenidone and nintedanib are superior to
placebo. There is no conclusive evidence of an effect of pirfenidone compared to
NAC, nintedanib, and triple therapy. The results of the sensitivity analysis are in line
with the base case analysis and indicate efficacy of pirfenidone and nintedanib in
slowing the decline of lung volume over time (see Appendix 14). The sensitivity
analyses support that there is no evidence of a difference in effect between

pirfenidone and nintedanib.

Figure 21. Forest plot of the mean difference in change from baseline in FVC/VC (L)
(base case network, RE model)

Pirfenidone 2403mg/day vs placebo ’
0.12[0.04,0.2]
Pirfenidone 2403mg/day vs Nintedanib 300mg/day _‘_
0[-0.12,0.11]
Pirfenidone 2403mg/day vs NAC ‘_
0.11 [-0.06, 0.28]
Pirfenidone 2403mg/day vs Triple therapy 0
0.13 [-0.06, 0.32]

I | I T T T
-0.2 -0.1 0.0 0.1 0.2 03

Mean difference in change from baseline (L)
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Table 42. Estimates and 95% credible intervals for the mean difference in change from
baseline in FVC/VC (L) (base case network, RE model)

Placebo 2 4?;:;7:1:;3(*) ;l(;l;t:]g/a;;: NAC Triple therapy
Placebo 0.12 0.12 0.01 -0.01
(0.04, 0.20) (0.04, 0.21) (-0.14,0.16) (-0.19, 0.17)

Pirfenidone -0.12 0.00 -0.11 -0.13
2403mg/day (*) (-0.20, -0.04) (-0.11, 0.12) (-0.28, 0.06) (-0.32, 0.06)
Nintedanib -0.12 0.00 -0.11 -0.13
300mg/day (-0.21, -0.04) (-0.12, 0.11) (-0.28, 0.05) (-0.33, 0.06)
NAC -0.01 0.11 0.11 -0.02

(-0.16, 0.14) (-0.06, 0.28) (-0.05, 0.28) (-0.25, 0.21)
Triple therapy 0.01 0.13 0.13 0.02

(-0.17, 0.19) (-0.06, 0.32) (-0.06, 0.33) (-0.21, 0.25)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Mean differences
are calculated as column treatment minus row treatment, a positive result is favourable to the column treatment.

Categorical decline of 210% in percent predicted FVC

The NMA includes data at Week 48 for CAPACITY 1 & 2, and at Week 52 for
ASCEND, INPUSIS 1 & 2, and PANTHER. In the CAPACITY studies, FVC
assessments were conducted every 12 weeks, therefore it was considered most
appropriate to include the 48 week CAPACITY data in this NMA. Results for
PANTHER, CAPACITY and ASCEND were re-calculated as per the INPULSIS
definition, with missing values of FVC for any reason (including death) assumed to

be non-responders.

Results for TOMORROW were only available from Bl's submission. The analysis
presented in Bl's submission was not clearly defined, however the clarification
document (page 9) suggests that this analysis might be measuring 10% declines at
any point up to 52 weeks. Results for other studies reflect categorical declines at
exactly 52 weeks. Hence the measure of categorical decline for TOMORROW was
not sufficiently similar to the measures used in the other studies, and TOMORROW

was therefore excluded from the NMAs.

Assessment of statistical heterogeneity

For the comparison between placebo and pirfenidone the I-squared statistic was
40.8%, indicating low to moderate heterogeneity; for the comparison between
nintedanib and placebo the |-squared statistic was 40%, again indicating low to

moderate heterogeneity.
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Base case network (random effects model)

The random effects results suggest that pirfenidone is superior to placebo. In all,
there is no evidence of a difference between pirfenidone and nintedanib, and

pirfenidone and NAC, see Figure 22.

For the base case network, no phase |l or triple therapy data was available. Hence,
for this outcome, the base case network is equivalent to the restricted network. For
the base case network, the fixed effect model suggests that nintedanib is superior to

placebo. All other conclusions remain the same.

Figure 22. Forest plot of odds ratios for FVC categorical decline of 210% percent
predicted (base case network, RE model)

Pirfanidone 2403mg/day vs placabo
0.58 [0.4, 0.88)

Pirfenidone 2403mg/day vs Mintedanib 300mg/day
0.9[0.5, 1.68]

0.54 [0.28, 1.47]

0.2 0.4 0.6 08 10 1.2 1.6

Odds ratio

Table 43. Odds ratios and 95% credible intervals for FVC categorical decline of 210%
percent predicted (base case network, RE model)

Pirfenidone Nintedanib
Comparator Placebo 2403mglday 300mg/day NAC
Placebo 0.58 0.65 0.91
(0.40, 0.88) (0.42, 1.02) (0.45, 1.87)
Pirfenidone 1.71 1.12 1.56
2403mg/day (1.13, 2.53) (0.60, 2.01) (0.68, 3.51)
. . 1.53 0.90 1.40
Nintedanib 300mg/day | 55 5 40 (0.50, 1.66) (0.60, 3.27)
1.09 0.64 0.71
NAC (0.53, 2.23) (0.28, 1.47) (0.31, 1.65)

Odds ratios are provided for the column treatment relative to the row treatment, a result less than one is

favourable to the column treatment.

All-cause mortality

e The principal all-cause mortality NMA uses data up to 52 weeks. A sensitivity
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analysis uses data up to 72 weeks.

e The NMAs included HR data where available, however proportions could also

be included in the analyses.

e The results of the principal NMA suggest that pirfenidone is superior to
placebo. There is no evidence of a difference between nintedanib and

placebo.

Results for all-cause mortality were available for each of the trials (CAPACITY 1 & 2,
ASCEND, pooled INPULSIS, PANTHER [triple therapy and NAC], SP3,
TOMORROW). For CAPACITY 1 and 2, results were available at both at Week 52
and 72.

For the CAPACITY and INPULSIS trials two definitions of survival were available;
‘overall survival’ and ‘treatment emergent survival’. Overall survival is used in this

analysis in line with an intention-to-treat (ITT) policy for analysis.

Assessment of statistical heterogeneity (HR at 52 weeks)

For the base case analysis, the comparison between placebo and pirfenidone was
informed by three HRs (ASCEND, CAPACITY 1 & 2) (for SP3, only the numbers of
deaths were available). The I-squared statistic was 0%, indicating minimal
heterogeneity. For nintedanib, only a pooled HR was available for the INPULSIS
trials and a proportion from TOMORROW and therefore statistical heterogeneity was

not assessed.

Base case network (random effects model) (HR at 52 weeks)

The random effects model suggests that pirfenidone 2403mg/day is superior to
placebo (HR: 0.52 [95% Crl: 0.30, 0.89] and triple therapy (HR: 0.06 [95% Crl: 0.01,
0.5]), see Figure 23 and Table 44.
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Figure 23. Forest plot of hazard ratios for all-cause mortality at 52 weeks (base case
network, RE model)

Pifenidone 2403mg/day vs placeba
0.52 [0.3, 0.89)
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Table 44. Hazard ratios and 95% credible intervals for all-cause mortality at 52 weeks
(base case network, RE model)

Comparator Placebo 2 4%:;;;?12;‘2(*) ;;g:ﬁg?:;; NAC Triple therapy
Placebo 0.52 0.71 2.00 9.25
(0.30, 0.89) (0.41,1.27) (0.49, 8.05) (1.09, 78.38)

Pirfenidone 1.94 1.39 3.88 17.99
2403mg/day (*) | (1.13, 3.39) (0.63, 3.10) | (0.86, 17.49) | (1.99, 163.84)
Nintedanib 1.40 0.72 2.79 12.94
300mg/day (0.79, 2.46) (0.32, 1.58) (0.61,12.62) | (1.41, 118.03)
NAC 0.50 0.26 0.36 4.64

(0.12, 2.03) (0.06, 1.16) (0.08, 1.63) (0.36, 59.53)
Triple therapy 0.11 0.06 0.08 0.22

(0.01, 0.92) (0.01, 0.50) (0.01, 0.71) (0.02, 2.75)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Hazard ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column
treatment.

Assessment of statistical heterogeneity (HR at 72 weeks)

For the base case analysis, the comparison between placebo and pirfenidone was
informed by three HRs (ASCEND, CAPACITY 1 & 2) (for SP3, only the numbers of
deaths were available). The I-squared statistic was 0%, indicating minimal
heterogeneity. For nintedanib, only a pooled HR was available for the INPULSIS
trials and a proportion from TOMORROW and therefore statistical heterogeneity was

not assessed.

Base case network (random effects model) (HR at 72 weeks)

For the base case network, the RE model shows a trend in favour of pirfenidone,
with evidence of a difference between pirfenidone and triple therapy (HR: 0.07 [95%
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Crl: 0.01, 0.6]). Overall, there is no evidence of a difference between placebo,
pirfenidone, nintedanib and NAC, see Figure 24 and Table 45.

Figure 24. Forest plot of hazard ratios and 95% credible intervals for all-cause
mortality at 72 weeks (base case network, RE model)

Pirfenidene 2403mg/day vs placebo
0.62 [0.37, 1]

Pirfenidene 2403mg/day vs Nintedanib 300mg/day
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Table 45. Hazard ratios for all-cause mortality at 72 (base case network, RE model)

Pirfenidone Nintedanib Triple
Comparator Placebo | 5 103mgiday | 300mg/day NAC therapy
Placebo 0.62 0.71 1.99 9.24
(0.37, 1.00) (0.41, 1.26) (0.49, 8.05) (1.09, 78.43)
Pirfenidone 1.62 1.16 3.24 15.03
2403mg/day (*) | (1.00, 2.67) (0.55,2.48) | (0.74,14.30) | (1.67, 134.79)
Nintedanib 1.40 0.86 2.79 12.91
300mg/day (0.79, 2.46) | (0.40, 1.80) (0.62,12.61) | (1.41, 118.09)
NAC 0.50 0.31 0.36 4.63
(0.12,2.03) | (0.07,1.35) | (0.08, 1.62) (0.36, 59.44)
Triple therapy 0.1 0.07 0.08 0.22
(0.01,0.92) | (0.01,0.60) | (0.01,0.71) | (0.02,2.77)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Hazard ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column
treatment.

IPF-related mortality

IPF-Related Mortality

e The principal all-cause mortality NMA uses data up to 52 weeks. A sensitivity

analysis uses data up to 72 weeks.

e The NMAs included HR data where available, however proportions could also
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be included in the analyses.

e The result of the principal NMA suggests that pirfenidone is superior to
placebo. There is no evidence of a difference between nintedanib and

placebo.

Results for IPF-related mortality were available for CAPACITY 1 and 2, ASCEND,
INPULSIS, PANTHER and TOMORROW. For CAPACITY 1 and 2, results were
available at both at Week 52 and 72.

The CAPACITY trials and ASCEND reported data for ‘IPF-related mortality’ and ‘IPF-
related treatment emergent deaths’. ‘IPF-related mortality’ is used in this analysis in
line with an intention-to-treat (ITT) policy for analysis. In Bl's submission, TE IPF-
related mortality data from ASCEND and the CAPACITY trials were used.

INPULSIS, PANTHER and TOMORROW reported deaths from a respiratory cause.
It is assumed that for the patients included in the studies, deaths from a respiratory
cause will be IPF-related. These outcomes will be combined in the network meta-

analyses.

The comparison between placebo and NAC is only informed by proportion data from
PANTHER. Likewise, the comparison between placebo and triple therapy is also
only informed by proportion data from PANTHER. Hence the HR estimates involving
NAC and triple therapy are very uncertain.

Assessment of statistical heterogeneity (HR at 52 weeks)

The comparison of pirfenidone with placebo was informed by three HRs (ASCEND,
CAPACITY 1 & 2). The I-squared statistic was 0%, indicating minimal heterogeneity.
The comparison between nintedanib and placebo is informed by a pooled HR from
the INPULSIS trials and a HR from TOMORROW. The I-squared statistic was

37.8%, indicating moderate heterogeneity.

Base case network (random effects model) (HR at 52 weeks)

For the base case analysis, the results of the random effects model are provided in

Figure 25 and Table 46. The analysis suggests that pirfenidone is superior to
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placebo and to triple therapy. There is no evidence of a difference between

pirfenidone and nintedanib, or pirfenidone and NAC.

Figure 25. Forest plot of hazard ratios for IPF-related mortality at 52 weeks (base case
network, RE model)
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Table 46. Hazard ratios and 95% credible intervals for IPF-related mortality at 52
weeks (base case network, RE model)

Pirfenidone Nintedanib .
Placebo 2403mg/day (*) 300mg/day NAC Triple therapy
Placebo 0.36 0.60 1.74 10.26
(0.14, 0.90) (0.22, 1.33) (0.30, 11.89) (1.20, 342.72)
Pirfenidone 2.75 1.63 4.80 28.65
2403mg/day (*) (1.11, 6.98) (0.43, 5.52) (0.68, 40.52) (2.72, 1072.32)
Nintedanib 1.67 0.61 2.94 17.62
300mg/day (0.75, 4.61) (0.18, 2.34) (0.44, 25.62) (1.76, 677.29)
NAC 0.57 0.21 0.34 6.11
(0.08, 3.29) (0.02, 1.48) (0.04, 2.28) (0.32, 290.44)
Triple therapy 0.10 0.03 0.06 0.16
(0.00, 0.84) (0.00, 0.37) (0.00, 0.57) (0.00, 3.09)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Hazard ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column
treatment.

Assessment of statistical heterogeneity (HR at 72 weeks)

For the base case analysis, the comparison between placebo and pirfenidone was
informed by three HRs (ASCEND, CAPACITY 1 & 2). The I-squared statistic was
0%, indicating minimal heterogeneity. The comparison between nintedanib and
placebo is informed by a pooled HR from the INPULSIS trials and a HR from
TOMORROW. The I-squared statistic was 37.8%, indicating moderate

heterogeneity.
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Base case network (random effects model) (HR at 72 weeks)For the base case

analysis, the results of the random effects model are provided in Figure 26 and Table
47. The analysis suggests that pirfenidone is superior to triple therapy. Despite a
marked trend in favour of pirfenidone in the comparison with placebo, there is no
conclusive evidence of a difference between pirfenidone and placebo, nintedanib,
and NAC.

Figure 26. Forest plot of hazard ratios for IPF-related mortality at Week 72 (base case
network, RE model)
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Table 47. Hazard ratios and 95% credible intervals for IPF-related mortality at Week 72
(base case network, RE model)

Placebo 2 4%::1;;32317*) g&g:ﬁg?::; NAC Triple therapy
Placebo 0.48 0.60 1.74 10.27
(0.22, 1.01) (0.23, 1.28) (0.32, 11.24) (1.25, 338.65)
Pirfenidone 2.09 1.25 3.65 21.77
2403mg/day (*) (0.99, 4.60) (0.38, 3.68) (0.57, 27.79) (2.31,773.43)
Nintedanib 1.67 0.80 2.93 17.54
300mg/day (0.78, 4.30) (0.27, 2.63) (0.46, 23.78) (1.85, 652.10)
NAC 0.57 0.27 0.34 6.12
(0.09, 3.14) (0.04, 1.75) (0.04, 2.16) (0.35, 279.63)
Triple therapy 0.10 0.05 0.06 0.16
(0.00, 0.80) (0.00, 0.43) (0.00, 0.54) (0.00, 2.85)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Hazard
ratios are provided for the column treatment relative to the row treatment, a result less than one is

favourable to the column treatment.

Progression-free survival
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e The principal all-cause mortality NMA uses data up to 52 weeks. A

sensitivity analysis uses data up to 72 weeks.

e The NMAs included HR data where available, however proportions could

also be included in the analyses.

e The results of the principal NMA suggest that pirfenidone is superior to
placebo. There is no evidence of a difference between nintedanib and

placebo.

Results for PFS were available for CAPACITY 1 and 2, ASCEND, SP3 and
PANTHER. However, the definition of PFS varied between studies.To maintain
similarity as far as possible, for CAPACITY 1 and 2, the PFS estimate based on the
definition used in the ASCEND trial was included in the analysis. For the other
definitions, it is assumed that they will lead to similar hazard ratios and odds ratios
between a given pair of treatments, and thus that it is appropriate to combine them in
an NMA. We believe this to be a reasonable assumption because in a comparison
done between the CAPACITY and ASCEND trials, the replacement of DLco by

6MWD led to an increase in qualifying events without changing the HR estimate.

TOMORROW only reported the proportion of patients who progressed, rather than
the proportion of patients who either progressed or died. It was unclear how many

patients progressed before they died and therefore PFS cannot be calculated.

Assessment of statistical heterogeneity (HR at 52 weeks)

For the base case analysis, the comparison between pirfenidone and placebo was
informed by four trials (ASCEND, CAPACITY 1 & 2, SP3). The I-squared statistic
was 0%, indicating minimal heterogeneity. Statistical heterogeneity was not
assessed for nintedanib versus placebo because the only data available was a
pooled HR from the INPULSIS studies.

Base case network (random effects model) (HR at 52 weeks)

Overall, the results of the random effects models suggest that pirfenidone is superior

to placebo. Despite a trend in favour of pirfenidone, there is no conclusive evidence
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of a difference between pirfenidone and nintedanib, pirfenidone and NAC, or

pirfenidone and triple therapy, see Figure 27 and Table 48.

Figure 27. Forest plot of hazard ratios for PFS at 52 (base case network, RE model)

Pirfenidone 2403mg/day vs placebo
0.63 [0.5, 0.8]

Pirfenidone 2403mg/day vs Nintedanib 300mg/day
0.85 [0.55, 1.34]

Firfenidone 2403mg/day vs NAC
0.62 [0.34, 1.16]

Pirfanidone 2403mg/day v Triple tharapy
0.43[0.18, 1]

Hazard ratic

Table 48. Hazard ratios and 95% credible intervals for PFS at 52 weeks (base case
network, RE model)

Pirfenidone Nintedanib Triple
Comparator Placebo 2403mg/day (*) | 300mg/day NAC therapy
Placab 0.63 074 1.02 1.46
(0.50, 0.80) (0.51, 1.08) (0.57, 1.80) (0.65, 3.28)
Pirfenidone 1.59 117 1.61 232
2403mg/day (*) (1.25, 1.99) (0.75, 1.82) (0.87, 2.98) (1.00, 5.35)
Nintedanib 1.35 0.85 1.37 1.98
300mg/day (0.92, 1.98) (0.55, 1.34) (0.69, 2.72) (0.81, 4.80)
NAC 0.98 0.62 073 144
(0.56, 1.75) (0.34, 1.16) (0.37, 1.44) (0.53, 3.87)
Triple therapy 0.68 043 0.51 0.70
(0.31, 1.54) (0.19, 1.00) (0.21, 1.24) (0.26, 1.87)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Hazard ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column

treatment.

Assessment of statistical heterogeneity (HR at 72 weeks)

For the base case network, the comparison between placebo and pirfenidone was
informed by four HRs (ASCEND, CAPACITY 1 & 2, SP3). The I-squared statistic
was 0%, indicating minimal heterogeneity. Statistical heterogeneity was not
assessed for nintedanib versus placebo because the only data available was a
pooled HR from the INPULSIS studies.

Base case network (random effects model) (HR at 52 weeks)

The results suggest that pirfenidone is superior to placebo. Though trending in

favour of pirfenidone, there is no conclusive evidence of a difference between
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pirfenidone and nintedanib, pirfenidone and NAC, or pirfenidone and triple therapy,
see Figure 28 and Table 49.

Figure 28. Forest plot of hazard ratios for PFS at 72 weeks (base case network, RE
model)

Firfenidone 2403mg/day vs placebo
0.63[0.5,0.78]

Firfenidone 2403mg/day vs Nintedanib 300mg/day
0.85 [0.55, 1.31]

Pirfenidone 2403mg/day vs NAC
0.62 [0.34, 1.13]

Pirfenidene 2403mg/day vs Triple therapy
0.43[0.19, 0.99)

Hazard ratic

Table 49. Hazard ratios and 95% credible intervals for PFS at 72 weeks (base case
network, RE model)

Comparator Placebo 2;;:;;';;2;?*) g&gf\:?;;? NAC Triple therapy
Placebo 0.63 0.74 1.02 1.46
(0.50, 0.78) (0.51,1.07) (0.58, 1.79) (0.65, 3.26)

Pirfenidone 1.59 1.18 1.62 2.33
2403mg/day (*) (1.28, 1.98) (0.77,1.81) (0.88, 2.97) (1.01, 5.34)
Nintedanib 1.35 0.85 1.37 1.97
300mg/day (0.93, 1.96) (0.55, 1.31) (0.70, 2.69) (0.81, 4.77)
NAC 0.98 0.62 0.73 1.44

(0.56, 1.73) (0.34,1.13) (0.37,1.43) (0.54, 3.85)
Triple therapy 0.68 0.43 0.51 0.70

(0.31, 1.53) (0.19, 0.99) (0.21,1.23) (0.26, 1.86)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Hazard ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column

treatment.

Acute exacerbations

e The NMA suggests that there is no difference in acute exacerbations between

any of the treatments.

e A critical limitation of this NMA is that the outcome was defined differently

across the trials (see Section 4.7).
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Eight trials (CAPACITY 1 & 2, ASCEND, SP3, INPULSIS 1 & 2, TOMORROW, and
PANTHER) reported data for acute exacerbations which informed the NMA,
however, the outcome was defined differently across the trials and was not collected

systematically

To mitigate the differences in definitions, we reanalysed our IPD to match Bl's
definition, adjusted for different base case by meta-regression, and corrected actual

data based on the baseline prevalence of AEs as an additional sensitivity analysis.

Assessment of statistical heterogeneity

For the comparison between placebo and pirfenidone, the I-squared statistic was
2.5%, indicating minimal heterogeneity. For the comparison between nintedanib and

placebo the I-squared statistic was 64.3%, indicating high heterogeneity.

Base case network (random effects model)

For the base case network, the uncertainty in the comparison between pirfenidone
and nintedanib was very large; OR: 1.14 (95% Crl: 0.41, 3.44). The odds ratio
estimate of pirfenidone compared with placebo was 0.62 (95% Crl: 0.29, 1.39), and
with NAC was 0.63 (95% Crl: 0.08, 5.33), see Figure 29 and Table 50.
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Figure 29. Forest plot of odds ratios for the probability of acute exacerbations (base
case network, RE model)

Pirfanidone 2403mg/day vs placebo
0.62 [0.29, 1.38]

Pifenidane 2403mg/day vs Nintedanib 300mg/day
1.14 [0.41, 3.44]

Pirfenidene 2403mglday vs NAC
0.63 [0.08, 5.33)

Odds ratio

Table 50. Odds ratio estimates and 95% credible intervals for the probability of acute
exacerbations (base case network, RE model)

Pirfenidone Nintedanib
Comparator Placebo 2403mg/day (*) 300mg/day NAC
Placebo 0.62 0.55 0.99

(0.29, 1.39) (0.26, 1.09) (0.14,7.21)
Pirfenidone 1.60 0.88 1.59
2403mg/day (*) (0.72, 3.45) (0.29, 2.43) (0.19, 13.16)
Nintedanib 1.82 1.14 1.82
300mg/day (0.92, 3.82) (0.41, 3.44) (0.22, 15.16)
NAC 1.01 0.63 0.55

(0.14, 7.35) (0.08, 5.33) (0.07, 4.49)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Odds ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column
treatment (lower probability of acute exacerbations).

Physical Functioning

Change in 6MWD

e For change from baseline in 6MWD, the NMA suggests that pirfenidone is
superior to placebo. There is no evidence of a difference between nintedanib
and placebo, and there is no evidence of a difference between pirfenidone

and placebo.

Five trials reported 6MWD (CAPACITY 1 and 2, ASCEND, TOMORROW and
PANTHER).

A difference was noted between the NAC and pirfenidone studies in terms of follow-
up schedules and methods used to handle missing data. For CAPACITY 1 and 2 and
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ASCEND missing data was imputed using the smallest sum of squared differences
(SSD) approach. For PANTHER missing data was not imputed, moreover a linear

slope approach was used to model the decline of distance walked over time.

Assessment for statistical heterogeneity

For the base case analysis, the comparison between placebo and pirfenidone was
informed by three trials (ASCEND, CAPACITY 1 & 2). The I-squared statistic was
0%, indicating minimal heterogeneity. For nintedanib, 6MWD data was only available
from TOMORROW.

Base case network (random effects model)

For the base case analysis, the results of the random effects model are provided in
Figure 30and Table 51. The results suggest that pirfenidone is superior to placebo.
On average, over 52 weeks, patients receiving pirfenidone decline by 22.7 metres
less than patients receiving placebo (95% Crl: 8.8, 36.3). There is no evidence of

any differences between pirfenidone, nintedanib, NAC and triple therapy.

Figure 30. Forest plot of the mean difference in change from baseline in 6MWD (base
case network, RE model)

Pirfanidens 2403mg/day vs placabea
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Pirfenidone 2403myg/day vs Nintedanib 300mg/day
16.63 [-20.83, 53.81]

Pirfanidone 2403mag/day vas NAC *

-1.07 [-33.02, 30.69]

Pirfenidone 2403magiday vs Triple therapy _—*—_
39.75 [-25.6, 105.51]
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Table 51. Estimates and 95% credible intervals for mean difference in 6MWD (base
case network, RE model)

Pirfenidone Nintedanib .
Comparator Placebo 2403mg/day 300mg/day NAC Triple therapy
22.70 6.00 23.80 -17.06
Placebo
(8.82, 36.31) (-28.25, 40.66) (-4.79, 52.38) (-81.23, 46.80)
Pirfenidone -22.70 -16.63 1.07 -39.75
2403mg/day (-36.31, -8.82) (-53.81,20.83) | (-30.69, 33.02) | (-105.51, 25.60)
Nintedanib -6.00 16.63 17.75 -23.11
300mg/day (-40.66, 28.25) (-20.83, 53.81) (-27.21, 62.24) (-95.79, 50.06)
NAC -23.80 -1.07 -17.75 -40.92
(-52.38, 4.79) (-33.02, 30.69) | (-62.24, 27.21) (-110.70, 29.00)
. 17.06 39.75 23.11 40.92
Triple therapy

(-46.80, 81.23)

(-25.60, 105.51)

(-50.06, 95.79)

(-29.00, 110.70)

Mean differences are calculated as column treatment minus row treatment, a positive result is favorable to the

column treatment.

St. George Respiratory Questionnaire

e Based on the results of the NMA for change from baseline in SGRQ total

score, there is no evidence of any differences between placebo, pirfenidone,

nintedanib, NAC and triple therapy.

For the base case analysis, change from baseline in SGRQ total score was reported
for CAPACITY 1 and 2, TOMORROW, INPULSIS 1 and 2 and PANTHER.

As per the other outcomes, a difference was noted between the studies in terms of

follow-up schedules and methods used to handle missing data. For CAPACITY 1

and 2 missing data was imputed using the SSD approach. For TOMORROW missing
data was imputed using an LOCF approach. For INPULSIS 1 and 2 and PANTHER

missing data was not imputed.

Assessment of statistical heterogeneity

For the base case analysis, the comparison between placebo and pirfenidone was
informed by two trials (CAPACITY 1 & 2). The I-squared statistic was 0%, indicating

minimal heterogeneity. The comparison between nintedanib and placebo was
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informed by three trials (INPULSIS 1 & 2, TOMORROW). The I|-squared statistic was
64.7% indicating moderately high heterogeneity.

Base case network (random effects model)

For the base case analysis, the results of the random effects model are provided in
Figure 31 and Table 52. There is no evidence of a difference between pirfenidone

and placebo, nintedanib, NAC and triple therapy.

Figure 31. Forest plot of the mean difference in change from baseline in SGRQ score
(base case network, RE model)

Pirfenidone 2403mg/day vs placebo
-1.24 [-4.94, 2.39]

Pirfenidone 2403mg/day vs Nintedanib 300mg/day
0.88 [-3.45, 5.94]

Pirfenidone 2403mg/day vs NAC
-0.04 [-6.57, 6.39]

Pirfenidone 2403mg/day vs Triple therapy
1.94 [-7.17, 11.03]
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Table 52. Estimates and 95% credible intervals for the mean difference in SGRQ score
(base case network, RE model)

Placebo : ;g:;';;:;i g&::ﬁg?:;g NAC Triple therapy
Placebo -1.24 -2.11 -1.19 -3.19
(-4.94, 2.39) (-5.48, 0.37) (-6.52,4.17) (-11.54, 5.15)
Pirfenidone 1.24 -0.88 0.04 -1.94
2403mg/day (-2.39, 4.94) (-5.94, 3.45) (-6.39, 6.57) (-11.03, 7.17)
Nintedanib 2.1 0.88 0.93 -1.03
300mg/day (-0.37, 5.48) (-3.45, 5.94) (-4.80, 7.41) (-9.69, 7.95)
NAC 1.19 -0.04 -0.93 -1.98
(-4.17, 6.52) (-6.57, 6.39) (-7.41, 4.80) (-11.87, 7.90)
Triple therapy 3.19 1.94 1.03 1.98
(-5.15, 11.54) (-7.17, 11.03) (-7.95, 9.69) (-7.90, 11.87)

Mean differences are calculated as column treatment minus row treatment, a positive result is favourable to the row
treatment.

UCSD Shortness of Breath Questionnaire

e The NMA for change from baseline in UCSD SOBQ suggests that
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pirfenidone is superior to placebo. UCSD SOBQ data was not available for

nintedanib.

CAPACITY 1 and 2 and ASCEND report change from baseline in the UCSD SOBQ
total score for Week 48/52. The PANTHER trial (both triple therapy versus placebo
and NAC versus placebo) reports change from baseline data at Week 60. UCSD
SOBQ data was not reported for nintedanib.

As per percentage of predicted VC/FVC, a difference was noted between the studies
in terms of the methods used to handle missing data. For each of CAPACITY 1 and
2 and ASCEND, missing data were imputed using the SSD method. For the
PANTHER trial, a linear MMRM model was fitted to the change in SOBQ score data
(Raghu 2012).

Assessment of statistical heterogeneity

For the comparison of pirfenidone with placebo, the |-squared statistic was 0%,

indicating minimal heterogeneity. No UCSD SOBAQ data is available for nintedanib.

Base case network (random effects model)

For the base case analysis, the results of the random effects model are provided in
Figure 32 and Table 53. The results suggest that pirfenidone is superior to placebo.
There is no evidence of a difference between pirfenidone and NAC, or between

pirfenidone and triple therapy.

Figure 32. Forest plot of the mean difference in change from baseline in UCSD SOBQ
total score (base case network, RE model)

Pirfenidone 2403mg/day vs placebo

-3.19 [-6.24, -0.17]

Pirfenidone 2403mg/day vs NAC

-3.39 [-9.28, 2.48]

Pirfenidone 2403mg/day vs Triple therapy
-5.74[-16.13, 4.75]

[ I I | T 1
-20 -15 -10 -5 0 5

Mean difference in change from baseline

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 151 of 305



Table 53. Estimates and 95% credible intervals for the mean difference in change from
baseline in UCSD SOBQ total score (base case network, RE model)

Placebo :;g:;';;g? NAC Triple therapy
olacebo 3.19 0.19 2.55
(-6.24, -0.17) (-4.84,5.25)  (-7.45, 12.46)
o 3.19 3.39 5.74
Pirfenidone 2403mg/day (0.17, 6.24) (-2.48, 9.28) (-4.75, 16.13)
NAC -0.19 -3.39 2.34
(-5.25, 4.84) (-9.28, 2.48) (-8.85, 13.53)
Ttiple therapy -2.55 5.74 2.34
(-12.46,7.45)  (-16.13, 4.75) (-13.53, 8.85)

* Mean differences are calculated as column treatment minus row treatment, a positive result is favourable to the

row treatment.

All-cause Discontinuation of Treatment

e The NMA for all-cause discontinuation of treatment found no evidence of a

difference between pirfenidone and placebo.

e The analysis suggests that, compared with placebo, nintedanib increases the

odds of all-cause discontinuation of treatment.

All eight trials reported data on treatment discontinuations (SP3, CAPACITY 1 and 2,
ASCEND, TOMORROW, INPULSIS 1 and 2 and PANTHER [NAC vs. placebo]).

For INPULSIS all-cause discontinuation of study was measured by the count of

patients who “did not complete the planned observation time”. We assumed that this

count included patients who did not complete the planned observation time due to

death or lung transplantation.

Assessment of statistical heterogeneity

For both the comparison of pirfenidone with placebo, and the comparison of

nintedanib with placebo, the I-squared statistic was 0%, indicating minimal

heterogeneity.

Base case network (random effects model)

For all-cause treatment discontinuation rate, the base case random effects analysis

suggests that there is no evidence of a difference between pirfenidone 2403mg/day
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and placebo (OR:1.28, 95% Crl: (0.91, 1.78)), see Figure 33 and Table 54. The
analysis suggests that, compared with placebo, nintedanib increases the odds of all-
cause discontinuation of treatment (OR: 1.42, 95% Crl: (1.01, 2.01)). The odds ratio
estimates suggest similar all-cause treatment discontinuation rates for pirfenidone,
nintedanib and NAC.

Figure 33. Forest plot of odds ratios for the probability of all-cause discontinuation of
treatment (base case network, RE model)

Pirfenidone 2403mg/day vs placebo

1.28 [0.91, 1.78)

Pirfenidone 2403mg/day vs Nintedanib 300mg/day
0.9 [0.55, 1.44]

Pirfenidone 2403mg/day vs NAC

1.05[0.5, 2.21]

0.5 1.0 1.5 2.0

Odds ratio

Table 54. Odds ratios and 95% credible intervals for the probability of all-cause
discontinuation of treatment (base case network, RE model)

Pirfenidone Nintedanib

Placebo 2403mg/day (*)  300mg/day NAC
Placebo 1.28 (0.91,1.78) 1.42 (1.01, 2.01) 1.21 (0.62, 2.36)
Pirfenidone
2403mg/day | 0.78 (0.56, 1.10) 1.11 (0.69, 1.81) 0.95 (0.45, 2.01)
(*)
Nintedanib
300mg/day 0.7 (0.50, 0.99) 0.90 (0.55, 1.44) 0.85 (0.40, 1.80)
NAC 0.83 (0.42,1.60) 1.05(0.50,2.21) 1.17 (0.56, 2.48)

* For SP3, pirfenidone 1800mg/day is assumed to be equivalent to pirfenidone 2403mg/day. Odds ratios are
provided for the column treatment relative to the row treatment, a result less than one is favourable to the column
treatment (lower probability of treatment discontinuation).

Limitations of the NMA

Due to the limited number of studies contributing to each network, a pragmatic
approach was adopted, whereby trials were included regardless of minor differences
in outcome definitions, timing of assessment and analysis methods. It was assumed

that the differences in definitions and methods did not influence the relative
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treatment effects. Where multiple sets of results were available for a single trial, we

used the results from the method that was most consistently reported across trials.

The low number of studies in the networks also leads to uncertainty in the estimates,
although sensitivity analyses were performed to assess variability in results across
scenarios, and these reported comparable results to the base case results presented

above.

Summary of NMA results

Overall, the NMA results provide evidence that pirfenidone is a more effective
treatment compared to placebo in terms of all-cause mortality, IPF-related mortality,
progression free survival (PFS), as well as the FVC outcomes, the physical
functional outcome 6 minute walking test distance, and the health-related quality of
life outcome UCSD Shortness of Breath Questionnaire (SOBQ). Despite consistent
trends in favour of pirfenidone over nintedanib on mortality outcomes, there is no
conclusive evidence from the NMA of a difference between pirfenidone and
nintedanib for any outcomes considered in this report. This result is not unexpected,

given the uncertainty in between pirfenidone and active treatments.

Sensitivity analyses conducted support the base case finding reported above: results
of fixed and random effects models were consistent, and there was also consistency

of results across the base case and restricted networks assessed.

The NMA results are summarised in Table 55, and reflect the data used to inform the

cost-effectiveness model described in Section 5.
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Table 55. Summary of main NMA results compared to pirfenidone (base case network, RE model)

Outcome PFN better than | PFN better than PFN better than PFN better than triple
placebo NAC NTB therapy

Lung Capacity

Change in Percent Predicted FVC/VC ++ ++ 0 NA

Change in FVC/VC (Litres) ++ + 0 +

FVC decline of 210% Percent Predicted ++ + 0 NA

Physical Functioning

Change in 6MWD ++ 0 + +

Change in Health-Related Quality of

Life

SGRQ + 0 0 -

UCSD SOBQ ++ + NA +

Time to event outcomes

PFS HR at 52 wks ++ + + ++

PFS HR at 72 wks ++ + + ++

All-Cause Mortality HR at 52 wks ++ + + ++

All-Cause Mortality HR at 72 wks + 0 ++

IPF-Related Mortality HR at 52 wks + + ++

IPF-Related Mortality HR at 72 wks + + ++

Other

Acute Exacerbations + + NA

All-cause Discontinuation of Treatment - 0 0 NA

NA : data not available for this comparison
+: Pirfenidone better than comparator; ++: Pirfenidone better than comparator (Crl do not cross 1 for hazard or odds ratios, or 0 for other); - : Comparator better than pirfenidone
--: Comparator better than pirfenidone (Crl do not cross 1 for hazard or odds ratios, or 0 for other); 0: no evidence of a difference or trend
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411 Non-randomised and non-controlled evidence

e Non-RCT evidence supporting this submission is available through the
RECAP study, an open-label extension of the ASCEND and CAPACITY trials,

and international IPF registries

e RECAP (PIPF-012) is an on-going open-label extension of the ASCEND and
CAPACITY trials designed to assess the long-term safety of pirfenidone.
Data for overall survival and time-on-treatment are presented which describe

the use of pirfenidone through to 8.8 years (latest datacut: June 2015)

e Registry evidence was gathered to provide information on long-term survival

for patients receiving BSC

e Patient level data was available from 3 registries with patient follow-up for

overall survival of between 5 and 15 years

e To improve comparability a two-step process was conducted to sub-set data
to match CAPACITY and ASCEND inclusion / exclusion criteria, followed by
propensity scoring (trimming and reweighting) to adjust for remaining

differences in patient characteristics

e The final propensity score model was used to estimate the comparative

effectiveness of pirfenidone to BSC using the real-world data

e The comparative effectiveness estimated across the 3 registries was
comparable to that observed in the pooled ASCEND / CAPACITY data.
Results are presented in order of comparability of datasets following trimming
with the ASCEND / CAPACITY trial population: INOVA: HR 0.47 (95% CI:
0.38, 0.61); EurolPF: HR 0.34 (95% CI: 0.18; 0.63), and; Edinburgh: HR 0.29
(95% CI: 0.22; 0.40)

e Supportive evidence from alternative registries indicated similar median
survival for BSC (median 3.4 — 4.4 years across sources)

e Whilst there are limitations to comparing data from a Phase Il trial to real-

world evidence this analysis indicates that the comparative benefit observed

from pirfenidone in the Phase Ill RCTs is likely to extend to the long-term
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RECAP study (Costabel, 2014)
RECAP (PIPF-012) is an open-label extension of the ASCEND and CAPACITY

trials. The study was designed to assess the long-term safety of pirfenidone 2403

mg/day in patients with IPF who received 280% of scheduled doses, and completed
the Week 72 final study visit in CAPACITY 1 or CAPACITY 2 (Costabel 2014).
Patients in the ASCEND study were also eligible to roll-over into RECAP, although

no published data analysis including ASCEND is available to date (Kreuter 2014,

Roche 2016a).

Study design: An overview of the study design and key eligibility criteria are shown

in Table 56.

Table 56. Summary of RECAP study design

RECAP (PIFP-012) (Costebel, 2014; Kreuter 2014)

Study design

Open-label, uncontrolled, Phase Il extension study in which eligible patients
receive treatment with pirfenidone 2403 mg/day

Intervention Eligible patients received pirfenidone 2403 mg/day
Concomitant therapy with corticosteroids, azathioprine, cyclophosphamide,
and/or NAC were permitted if judged appropriate by investigator
Population IPF patients that completed ASCEND, or CAPACITY 1 & 2 studies
Objectives Primary objective:

To examine the long-term safety and tolerability of pirfenidone in patients with
IPF who were previously randomised to the placebo group in either
CAPACITY 1 or 2 studies (later adjusted to allow enrolment from the
ASCEND frial, Kreuter 2014)

Secondary objective:

To obtain additional efficacy data for pirfenidone 2403 mg/day in patients with
IPF

Inclusion/Exclusion
criteria

Inclusion criteria:

e Completes the ASCEND or CAPACITY studies final visit

¢ In the opinion of the principal investigator has been generally compliant
(received 280% of scheduled doses) with study requirements during the
qualifying study, or must be considered eligible to enrol in RECAP by the
InterMune medical monitor

e Is able to provide informed consent and comply with the requirements of
the study

Exclusion criteria:

e Pregnant or lactating women

¢ In the opinion of the PI, is not a suitable candidate for study participation

¢ Known hypersensitivity to any of the components of the study drug

e Participates in another interventional clinical trial between the end of
participation in ASCEND or either CAPACITY studies and time of
enrolment in RECAP

e Receives concomitant medications defined in the protocol

e Permanently discontinues study drug during the ASCEND or CAPACITY
studies for any reason
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Study population: At the time the interim data-cut, April 2010, a total of 178 patients
were recruited for enrolment from 88 sites in North America, Europe and Australia.
To facilitate comparison with CAPACITY outcomes, analyses were based on
patients newly treated with pirfenidone in RECAP who had baseline FVC and DLco
values that met ASCEND or CAPACITY entry criteria (Section 4.3) (Costabel 2014).

Figure 34. RECARP trial profile**

CAPACITY Trials (N=779)
| . ]
Pirfenidone 1197 mg/d (n=87) Pirfenidone 2403 mg/d Placebo (N=347)
Completed Discontinued Completed Discontinued Completed Discontinued
treatment treatment treatment treatment treatment treatment
n=T0 n=17 n=273 n=72 n=285 n=62
(81%) (20%) (79%) (21%) (82%) (18%)
L k L 4
Enrolled in Enrolled in Enrolled in
RECAP RECAP RECAP
n=68 n=261 n=274
(97%)" (96%)" (96%)"
Baseline FVC, DLco Baseline FVC, DLeo
met CAPACITY did not meet
enroliment criteria CAPACITY
(N=178) enroliment criteria
(N=96)

*Percentage of CAPACITY completers who elected to enroll in RECAP

** Since 2014, patients completing the ASCEND study have been eligible to enter into the RECAP study

Results: Safety results of the interim analysis can be found in section 4.12.

As an on-going open-label extension of three clinical trials, the RECAP study is not
yet complete. The most recent datacut was performed in June 2015, with analyses
based on summary data from this datacut presented at a recent congress (Fisher
2015). This includes survival data for patients continuing treatment with pirfenidone,
following receipt of pirfenidone in CAPACITY/ASCEND, with patient data available
through to 8.8 years (Figure 35) (Roche 2016a). Time on treatment data for patients

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 158 of 305



continuing treatment with pirfenidone from the latest datacut of RECAP are also

presented in Figure 36 (Roche 2016a). The next datacut is planned in June 2016.

Figure 35. RECAP KM estimates for OS: patients continuing on pirfenidone 2403mg/d
(data cut: June 2015)

1.00+
0.75-
P
E
L)
0
2
©.0.50
®©
=
c
=
w
0.25-
0.00-
T T T T T T T T
0 12 24 36 48 60 72 84
Time (months)
Esbriet 623 558 410 236 166 126 81 55

Numbers at risk

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 159 of 305



Figure 36. RECAP KM estimates for time on treatment: patients continuing on
pirfenidone 2403mg/d (data cut: June 2015)
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IPF registry data

Given the lack of long-term data available for BSC from the Phase Ill RCTs,
evidence was gathered to provide similar longevity of information for outcomes
expected for patients receiving BSC in real-world practice to the information
available for pirfenidone. The authors of a recent review of observational studies
performed for IPF treatments concludes: “the profile of these patients seems to be
quite similar all over the world, as does their clinical management”, which gives

reassurance on the appropriateness of using these registries (Harari 2015).

The holders of various registries reporting outcomes for patients with IPF in real-
world practice were contacted, resulting in the availability of patient level information

from three registries collecting information on patients with IPF:

e Edinburgh registry

e INOVA registry
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e EurolPF registry

Patient level data were available for detailed baseline characteristics for all three of
these registries (Table 58). To improve the comparability of the patients between the
trial information available for pirfenidone and the data available from the registries, a

two-stage process was conducted:

1. Apply inclusion/exclusion criteria from the pirfenidone RCTs to select similar

patients

2. Define a propensity score model that calculates the probability of being
included in a clinical trial based on baseline characteristics and exclude

patients with unusual profiles based upon propensity-score based trimming

The propensity score is the probability of assignment to one cohort (e.g. a clinical
trial population or the Edinburgh registry), conditional on observed baseline
characteristics. A key advantage of propensity score adjustment is that a large

number of covariates can be adjusted for, even when studying infrequent outcomes.

A separate logistic model to derive the propensity score for each patient from
ASCEND/CAPACITY and each registry included in the analysis was derived. Cohort
assignment (i.e. patient is included in clinical trial or not) was regressed on observed
baseline characteristics. The estimated propensity score was the predicted

probability of cohort assignment in the trial derived from the fitted regression model.

A logistic model was derived using backward stepwise regression with default
threshold parameters (0.05). The kernel density distributions for each of the logistic

models prior to trimming for each of the three registries are shown in Appendix 16.

The distribution of propensity scores across cohorts derived from this first logistic
model was inspected, and trimming was applied in order to restrict the analysis to
observations within a propensity score range that was common to all cohorts—that
is, by excluding patients in the non-overlapping parts of the propensity score
distribution. The cut point for trimming was the lower 2.5th percentile in the trial
group. After trimming (i.e. exclusion of all patients with a propensity score below the

lower 2.5th percentile), the same logistic model was fitted to the data to derive the
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new propensity scores. The Kaplan—Meier curves for each of the patient registries

post trimming are shown in Appendix 16.

The kernel density distributions for each of the logistic models post trimming for each
of three registries are also shown in Appendix 16. It is clear that the INOVA and
EurolPF registries provide the most comparable patient sample to the patients in the
pirfenidone Phase Il RCTs.

The final propensity score model was used to estimate the comparative
effectiveness of pirfenidone to BSC using the real-world data (Table 57). The
comparative effectiveness estimated across the 3 registries was comparable / better
to the comparative effectiveness observed in the pooled ASCEND / CAPACITY data.
Results were similar comparing the pooled hazard ratio vs BSC from ASCEND /
CAPACITY and INOVA which represented the study with the largest sample size
and most similar patient characteristics post trimming (HR 0.52 vs |l Roche
2016a). Whilst there are limitations to comparing data from a Phase Il trial to real-
world evidence this analysis indicates that the comparative benefit observed from

pirfenidone in the Phase Ill RCTs is likely to extend to the long-term.

Table 57. Overall survival comparison: pirfenidone versus registry data

Outcome . Pooled
Edm?urgh IN(_)VA Eur_oIPF CAPACITY and
registry registry registry ASCEND data
Hazard ratio for pirfenidone vs BSC 0.64 (0.41;0.99)
(post trimming unadjusted data) at 72 weeks

Hazard ratio for pirfenidone vs BSC
(post trimming data using propensity
score model to adjust for remaining
imbalances)

0.52 (0.31; 0.88)
at 52 weeks

Key: BSC, best supportive care.
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Table 58. Summary of available registries for best supportive care, registries with patient level demographic data

Edinburgh INOVA EurolPF
Geographic Region UK USA Europe
Dates of registry 1 January 2001 — 30 May 2014 November 1996 - June 2015 2008 - 2011

information

Patient population

¢ Incident IPF cases with a definite or
possible UIP pattern on HRCT
based on the 2011 ATS/ERS
diagnostic guidelines for IPF

o Event time available

e Patients diagnosed up to 48 months
prior to data collection date

Confirmed as incident IPF cases based
on the 2011 ATS/ERS/JRS/ALAT
diagnostic guidelines for IPF.

Verified diagnosis of IPF

n

323

815

409

Follow-up

Patients were followed from index date
(date of IPF diagnosis) to date of death
or May 30, 2014. Vital status was
ascertained on May 30, 2014. Patients
were censored on May 30, 2014, if their
death could not be confirmed. None of
the patients seen at this center
underwent lung transplantation during
the follow-up period, so this was not
included as a censoring criterion for this
cohort.

Patients were followed from index date
(date of IPF diagnosis) to date of death
or date of last visit. Date of last vital
status is provided in the dataset.
Patients were censored on their date of
last visit, if their death could not be
confirmed. If patients had a transplant,
it was indicated in the dataset, but no
dates were provided for treatment or
transplant.

Patients were followed from index date (date
of inclusion in registry) to date of death or
date of last visit. Date of last visit and vital
status check was provided. Patients were
censored on date of last visit, if their death
could not be confirmed

Treatments received
during follow-up

BSC only

BSC only

BSC only

Inclusion/exclusion
criteria applied to
match
ASCEND/CAPACITY

e FVC/VC<90% and/or DLco<90%
e FVC/VC>50%

e DLco>30%

e FEV1/FVC>0.7

e Aged0-80

e Gender known

e FVC/VC<90% and/or DLco <90%
e FVC/NC>50%

e DLco>30%

e FEV1/FVC>0.7

e Aged0-80

e Gender known

e FVC/VC<90% and/or DLco <90%
e FVC/VC>50%

e DLco>30%

e FEV1/FVC>0.7

e Aged0-80

e Gender known
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Edinburgh INOVA EurolPF
e Event time available e Event time available

Number of patients 182 286 115
following application
of ASCEND/
CAPACITY inclusion/
exclusion criteria
Parameters included |* Age e Age e Age
in the propensity e Sex e Sex e Sex

score model

e Baseline %predicted FVC
e Baseline %predicted DLco
o First order interaction terms

e Baseline %predicted FVC

e Baseline %predicted DLco
e Baseline FEV/FVC

e First order interaction terms

e Baseline %predicted FVC

e Baseline %predicted DLco
e Baseline FEV/IFVC

o Baseline smoking status

o First order interaction terms

Number of patients 125 254 89
remaining after

trimming

Age, mean years + SD | 69.4 + 7.6 66.2+£7.9 66.3+8.4
Male (%) 72% 80% 85%

FVC + SD 81.2+12.4 70.9+12.8 7541143
DLco £ SD 51.6+11.8 46.5+ 11.1 46.0+ 10.6
FEV1/FVC * SD 0.83 £ 0.07 0.83 + 0.06 0.83 £ 0.07

Propensity score
model

logOdds(Trial=1) = Age + Sex + DLco +
FVC + Age* DLco + Age*FVC

logOdds(Trial=1) = Age + Sex + DLco +
FVC +FEV/FVC + Age* DLco +
Sex*FEV/FVC

logOdds(Trial=1) = Age + Sex + DLco + FVC
+FEV/FVC + Smoke + Age*FVC + Age*Sex

+ Age*FEV/FVC + Sex*FVC + Sex*Smoke +
DLco *Smoke

Key: DLco, carbon monoxide diffusing capacity of the lungs; FEV, forced expiratory volume; FVC, forced vital capacity; HRCT, high-resolution computed tomography; IPF,
idiopathic pulmonary fibrosis; SD, standard deviation; UIP, usual interstitial pneumonia.
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In addition to the registries where patient level data were available, three additional

sources of supportive information were identified:

1. CPRD data (n=4,527) were obtained from 2000 to 2012 (inclusive), before
pirfenidone was available in the UK (Roskell 2014). Patients were selected

based on the following criteria:

. A clinical or referral event record for IPF as defined by Read (general
practices coding system in the UK) as specified in Navaratnam
(Navaratnam 2011).

. No clinical or referral codes for connective tissue disease, extrinsic
allergic alveolitis, sarcoidosis, pneumoconiosis, or asbestosis at any

time in the patient record

o IPF events whilst alive and registered at an up-to-standard general
practice
o At least 1 year of registration prior to the index date (date of IPF record)

To improve the similarity between the CAPACITY and CPRD cohorts, the

following restrictions were applied to the CPRD data:

. Survival times were adjusted using random-sampling of diagnosis to
randomisation collected in the CAPACITY studies (n=2,888)

. Patients with an FVC<50% were excluded, this was determined based
on data within 1 month of the patient’s index date (n=193)

Full propensity scoring was not possible as only FVC data were available for
patients within the CPRD dataset. Standard care patients were followed up to
9.53 years; a median survival of 3.41 years was observed (95% ClI: 2.67,
4.93).
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Figure 37. Comparison of standard care to pirfenidone using CPRD data
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2. Strand et al. (2015) report overall survival for patients prospectively enrolled

from the National Jewish Health Institutional Review Board-approved ILD
database for patients between January 1, 1985 and January 1, 2011
diagnosed with IPF according to consensus guidelines. Median survival was
4.4 years (95% ClI: 4.1-5.2) for IPF.

3. Kondoh et al. (2010) retrospectively studied patients diagnosed with IPF
based on ATS/ERS criteria (Kondoh 2010). Median survival was 3.7 years. A
stepwise multivariate Cox regression model demonstrated the prognostic
significance of FVC progression (10% decline in FVC at 6 months), acute
exacerbations, BMI and disease severity measured via the modified MRC

scale.

Table 59 provides a summary of the characteristics of the patients contained within
the three additional supportive registries and the patients in the CAPACITY /
ASCEND trials. Patients within the Strand registry appear most similar to those in
CAPACITY / ASCEND.
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Table 59. Summary of available registries for best supportive care, registries without
patient level demographic data

CPRD Strand Kondoh CAPACITY /
ASCEND
Geographic UK USA Japan Global
Region
Data collection | 2000 - 2012 Jan 1985 — Jan Jan 2000 - Dec
dates 2011 2005
Patient ICD10 codes: Subgroup Patients diagnosed | Diagnosis of
population H563.00 diagnosed with IPF | with IPF based on IPF in
H563.11 according to ATS/ERS criteria accordance
’ consensus with the ATS
H563.12 guidelines including international
H563100 ATS/ERS consensus
H563z00 statement
n 193 in FVC 321 74 623 on high
reported and =50 dose
subgroup pirfenidone
arms
Age, meanyears | 73.5+9.2 66.1 £ 9.1 64.1+7.4 67.2+7.6
*SD
Male (%) 68% 75% 82% 74%
FVC = SD 79.3+15.7 714 +174 77.0+19.2 67.8+11.2
DLco * SD NR 52.3 £ 18.7 59.3+18.7 47197

Key: DLco, carbon monoxide diffusing capacity of the lungs; FEV, forced expiratory volume; FVC, forced vital
capacity; HRCT, high-resolution computed tomography; IPF, idiopathic pulmonary fibrosis; SD, standard
deviation; UIP, usual interstitial pneumonia.
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412 Adverse reactions

e Overall, safety results from the pirfenidone clinical study programme showed

that the treatment was well-tolerated with a manageable side effect profile.

e Gastrointestinal and skin-related events were more common in the pirfenidone
group compared to placebo, but rarely led to treatment discontinuation. There
are also a number of reported patients with serum transaminase elevations
but these tend to be reversible without long term sequelae.The findings of an
analysis of all avalible data (3160 person exposure years; median duration of
exposure of 1.7 years) were consistent with prior observations (Lancaster
2016)

¢ An assessment of pirfenidone’s tolerability profile in real-world settings is
considered, the authors of a recent study concluded “pirfenidone is well
tolerated, and the most common adverse events are gastrointestinal, skin-

related events and weight loss” (Harari and Caminati, 2015).

e Pirfenidone has a different tolerability and adverse event profile compared to
nintedanib. The most frequently reported adverse reactions associated with
nintedanib are diarrhoea, nausea and vomiting, abdominal pain, decreased
appetite, weight loss and elevation of hepatic enzymes (EMC 2015b). A
recent meeting of the Pharmacovigilance Risk Assessment Committee
(PRAC) also recommended the product label should be updated to include
cases of haemorrhage and epistaxis (EMA 2015b). Pirfenidone is the only
approved IPF treatment without a special warning or precaution for use in

patients at risk of cardiovascular disease or bleeding (EMC 2015a).
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Evidence from pirfenidone clinical trial programme

ASCEND study (King 2014)

The most commonly reported treatment-emergent AEs are summarised in Table 60.
The most common AEs with higher incidence in the pirfenidone group were primarily
gastrointestinal and skin-related events. These AEs were generally mild to moderate
in severity, manageable, reversible, and without clinical significance. Elevations in
alanine or aspartate aminotransferase levels (=3 x ULN) occurred in 2.9% (n=8)

patients receiving pirfnidone compared with 0.7% (n=2) patients receiving placebo.

Table 60. Adverse events in 215% of patients in either treatment group in ASCEND

Pirfenidone

2403 mg/day Placebo
Adverse event, n (%) (n=278) (n=277)
Nausea 100 (36) 37 (13.4)
Rash 78 (28.1) 24 (8.7)
Headache 72 (25.9) 64 (23.1)
Cough 70 (25.2) 82 (29.6)
Diarrhoea 62 (22.3) 60 (21.7)
Upper respiratory tract infection 61(21.9) 56 (20.2)
Fatigue 58 (20.9) 48 (17.3)
Dizziness 49 (17.6) 36 (13)
Dyspepsia 49 (17.6) 17 (6.1)
Anorexia 44 (15.8) 18 (6.5)
Dyspnoea 41 (14.7) 49 (17.7)
Worsening of IPF 26 (9.4) 50 (18.1)

There were 55 patients (19.8%) and 69 patients (24.9%) in pirfenidone and placebo
groups, respectively, who experienced a serious adverse event. The most common
serious AE was worsening of IPF which was reported in 7 patients (2.5%) in the

pirfenidone group, and 27 patients (9.7%) in the placebo group.

The proportion of patients discontinuing treatment due to an AE was 14.4% (n=40) in
the pirfenidone group and 10.8% (n=30) in the placebo group. The most common AE
leading to treatment discontinuation was worsening IPF (1.1% [n=3] in the
pirfenidone group vs. 5.4% [n=15] in the placebo group). The only other AEs leading
to discontinuation of treatment in 21% of patients in the pirfenidone group were
elevated hepatic enzymes levels, pneumonia, rash and decreased weight in 3
patients (1.1%) each.
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There was no significant difference in the rates of death from any cause in the
pirfenidone group vs placebo (4% [n=11] vs 7.2% [n=20]; HR: 0.55 [95% CI: 0.26-
1.15] p=0.10), or from rates of death from IPF (1.1% [n=3] vs 2.5% [n=7]; HR: 0.44

[95% Cl: 0.11-1.72] p=0.23).

CAPACITY 1 & 2 studies (Noble 2011)
The most common treatment-emergent AEs in the pooled CAPACITY 1 & 2

population are summarised in Table 61. The most commonly reported AEs in the

pooled pirfenidone 2403 mg/day group, with at least 1.5 times increased incidence

relative to placebo, were gastrointestinal events, skin-related events, and dizziness.

A dose response in frequency was observed, and these AEs were generally mild or

moderate in severity and did not result in clinically significant consequences.

Stevens-Johnson syndrome or toxic epidermal necrosis were not reported.

Table 61. Treatment-emergent adverse events in 210% of patients from CAPACITY 1 &

2*

Pirfenidone

2403 mg/day Placebo
Adverse event, n (%) (n=345) (n= 347)
Nausea 125 (36) 60 (17)
Rash 111 (32) 40 (12)
Dyspepsia 66 (19) 26 (7)
Dizziness 63 (18) 35 (10)
Vomiting 47 (14) 15 (4)
Photosensitivity reaction 42 (12) 6 (2)
Anorexia 37 (11) 13 (4)
Arthralgia 36 (10) 24 (7)
Insomnia 34 (10) 23 (7)
Abdominal distension 33 (10) 20 (6)

*Occurring in 210% of patients give pirfenidone 2403 mg/day and with an incidence of 1.5 x greater than that in

patients receiving placebo

Study treatment was discontinued due to AEs in 15% (n=51) of 345 patients in the

pooled pirfenidone 2403 mg/day group vs. 9% (n=30) of 347 patients in the placebo
group. The most common AE leading to discontinuation was worsening of IPF (3% in
both groups). Substantial laboratory abnormalities (Grade 4 or a shift of 3 grades e.g.
from 0 to 3) occurring more frequently in the pooled pirfenidone 2403 mg/day group
vs placebo, were hyperglycemia (1% [n=4] vs <1% [n=3], respectively),
hyponatraemia (1% [n=5] vs 0%), hypophosphatemia (2% [n=6] vs <1% [n=3]), and
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lymphopenia (1% [n=5] vs 0); however, none were associated with clinically
significant consequences. More patients in the pooled pirfenidone-treated group than
in the pooled placebo group had elevations in alanine aminotransferase and
aspartate aminotransferase of more than 3x the upper limit of normal (4% [n=14] vs.

<1% [n=2]). However, all reports were reversible and without clinical sequelae.

SP3 study (Taniguchi 2010)
Photosensitivity, anorexia, dizziness, and elevated gamma-GTP were reported more
frequently in patients treated with pirfenidone 1,800 mg/day compared with placebo,

while respiratory infections were more common in patients treated with placebo.

Table 62. Adverse events with an incidence of 25% during the SP3 study

Adverse event, High dose | Low dose Placebo p-value®

n (%) High dose | Low dose | High dose
vs placebo | vs placebo vs low

dose

Subjects 109 55 107

Any adverse 109 (100.0) | 54 (98.2) 106 (99.1) 0.50 1.00 0.34

event

Photosensitivity | 56 (51.4) 29 (562.7) 24 (22.4) <0.01 <0.01 1.00

Eszema 0(0.0) 3(5.5) 0(0.0) 0.04 0.04

asteatotic

Anorexia 18 (16.5) 6 (10.9) 3(2.8) <0.01 0.06 0.48

Abdomial 3(2.8) 4 (3.7) 0(0.0) 0.25 0.01 0.23

discomfort

Dizziness 8 (7.3) 0(0.0) 1(0.9) 0.04 1.00 0.05

Nasopharyngitis | 54 (49.5) 30 (54.5) 70 (65.4) 0.02 0.23 0.62

Upper 1(0.9) 3(5.5) 9(8.4) <0.01 0.75 0.1

respiratory tract

infection

Y-GTP elevation 25 (22.9) 12 (21.8) 10 (9.3) <0.01 0.05 1.00

WBC decrease 4 (3.7) 3(5.5) 0(0.0) 0.12 0.04 0.69

Events which were observed with an incidence of = 5% during the study period and for which a significant
difference was detected between the placebo group and each of the pirfenidone treatment groups, high dose or

low dose (p<0.05).

#Using Fisher’s exact test.
y-GTP, gamma glutamyl-transpeptidase; WBC, white blood cell

SP2 study (Azuma 2005)

Skin photosensitivity was the major adverse event for discontinuing or reducing

pirfenidone dose. Adverse events occurring in >20% of patients treated with

pirfenidone 1800 mg/day include photosensitivity (43.8%), stomach discomfort

(30.1%), anorexia (31.5%), elevation of gamma-guanosine triphosphate (27.4%),

drowsiness (23.3%), nausea (21.9%), fatigue (21.9%), and elevation of C-reactive
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protein (20.5%). Most of the adverse events disappeared with decrease of the dose

or temporarily holding the medication.

Table 63. Adverse events with an incidence of 210% at six months during the SP2
study

Adverse Events Observed with the Frequency of = 10% at 6 Months

Pirfenidone Placebo

Adverse Events Number of Patients (%) p Value*
Any adverse events 72 (98. 6) 32 (88.9) 0.0400
Photosensitivity 32 (43.8) 0 (0.0) 0.0000
Stomach discomfort 22 (30.1) 3(8.3) 0.0143
Anorexia 23 (31.5) 2 (5.6) 0.0030
Nausea 16 (21.9) 2 (5.6) 0.0314
Heartburn 12 (16.4) 1(2.8) 0.0566
Drowsiness 17 (23.3) 6 (16.7) 0.4672
Fatigue 16 (21.9) 1(2.8) 0.0102
Upper respiratory tract infections 12 (16.4) 3(8.3) 0.3767
Fever 6 (8.2) 4(11.1) 0.7271

Elevation of GOT 4 (5.5) 6 (16.7) 0.0785

Elevation of v-GTP 20 (27.4) 3(8.3) 0.0249
Urinary occult blood positive 6 (8.2) 4(11.1) 0.7271

Elevation of CRP 15(20.5)  10(27.8)  0.4694

Long-term safety of pirfenidone in IPF (Lancaster 2016)

A comprehensive analysis of the safety of pirfenidone in IPF was conducted using
the three Phase |Il ASCEND, CAPACITY 1 & 2 trials, and two open-label trials
(PIPF-002, PIPF-012 [RECAP]). Safety outcomes were assessed from baseline until

28 days after study drug discontinuation.

PIPF-002 is an ongoing open-label compassionate-use study in US patients with
either IPF or secondary pulmonary fibrosis. RECAP is an ongoing open-label
extension study in patients who completed either ASCEND, CAPACITY 1 or 2
studies (See Section 4.11).

The latest interim analyses of the same integrated population (ASCEND, CAPACITY
1 & 2, PIPF-002, RECAP) was conducted using a data cut-off date of 17 January
2014 and was presented at ATS 2015. A total of 1299 patients were included in the
integrated population. The cumulative total exposure to pirfenidone was 3160 person
exposure years (PEY). The median duration of exposure was 1.7 years (range, 1

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 172 of 305



week—9.9 years); 545 (42%) patients received pirfenidone for =22 years and 325
(25%) patients received pirfenidone for 24 years. The majority of patients (964
[74.2%]) received a mean daily dose between 1800 mg and 2600 mg. Cumulative
safety outcomes in the pooled pirfenidone 2403 mg/day and placebo treatment

groups in the Phase 3 studies are presented in Table 64 for comparison.

Table 64. Treatment emergent AEs in the integrated population compared with the
pooled pirfenidone 2403 mg/day and placebo groups in the Phase lll trials*

Pooled ASCEND, CAPACITY 1 & 2
population
Integrated Pirfenidone
populationt 2403 mg/day Placebo
(N=1299) (N=623) (N=624)
Median duration of exposure, 1.7 (>0, 9.9) 1.0 (>0, 2.3) 1.0 (>0, 2.3)
years (range)
Treatment-emergent adverse event, %
Nausea 37.6 36.1 15.5
Cough 35.1 27.8 29.2
Dyspnoea 30.9 16.9 20.2
Upper respiratory tract infection 30.6 26.8 25.3
Idiopathic pulmonary fibrosis 29.3 13.0 19.9
Fatigue 28.2 26.0 19.1
Diarrhoea 28.1 25.8 20.4
Rash 25.0 30.3 10.3
Bronchitis 23.8 14.1 154
Headache 21.6 22.0 19.2
Nasopharyngitis 21.3 16.7 17.9
Dizziness 21.2 18.0 11.4
Dyspepsia 18.4 18.5 6.9
Vomiting 15.9 13.3 6.3
Weight decreased 15.6 10.1 54
Back pain 15.4 104 104
Anorexia 15.2 13.0 5.0

*Qccuring in 15% of patients in the cumulative clinical database
TIncludes two patients from PIPF-002 with a diagnosis of “pulmonary fibrosis”

Consistent with prior observations, gastrointestinal and skin-related events were
among the most common treatment emergent adverse events. However, these were
mainly mild to moderate in severity, reversible, and rarely led to treatment
discontinuation. Elevations in liver enzymes (ALT or AST >3 x ULN) occurred in
40/1299 (3.1%) patients in the integrated population, compared with 23/623 (3.7%)
and 5/624 (0.8%) in the pooled pirfenidone and placebo groups in the phase 3 trials.

All elevations were reversible without clinical sequelae. Respiratory adverse events

ID837 Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary
fibrosis

Page 173 of 305




were more common in the integrated population than the placebo and pirfenidone-
treated patients from the pooled Phase 3 trials. This is finding is expected from a

chronic progressive respiratory disease followed over a long period of observation.

Overall, this comprehensive safety analysis demonstrates that long-term treatment
with pirfenidone is generally well tolerated in IPF patients, with no new or unexpected

adverse events.

Safety of the technology in relation to the Decision Problem

The safety and efficacy of pirfenidone in patients with IPF was evaluated in 3
multinational, randomised, double-blind, placebo-controlled Phase 3 studies
(ASCEND, CAPACITY 1 & 2) and two smaller Japanese studies (SP2 and SP3).

e In ASCEND, CAPACITY 1 & 2, Gl and skin-related adverse events were more
frequently reported in the pirfenidone 2403 mg/day group vs placebo. The
incidence of Gl-related AEs was highest during the initial 3 months of

treatment, and decreased over time.

e In ASCEND, Grade 3 Gl-related AEs were reported in 5.4% of patients in the
pirfenidone 2403 mg/day group and 1.4% of patients in the placebo group. No
Grade 4 Gl-related AEs were reported. Rash (any grade) was reported in

28.1% of pirfenidone-treated patients vs 8.7% of patients in the placebo
group.
e Inthe pooled CAPACITY 1 & 2 studies, commonly reported AEs in the

pirfenidone 2,403 mg/day group with at least 1.5 times the incidence of
placebo included Gl events. The incidence of rash was 32% vs 12%, and the
incidence of photosensitivity was 12% vs 2% in the pirfenidone 2,403 mg/day

group (n=345) vs placebo (n=347), respectively.

¢ In a long-term safety analysis of an integrated population (n=789) from the
CAPACITY studies and 2 ongoing open-label studies (PIPF-002 and RECAP),
Gl AEs were among the most commonly reported AEs. These AEs were

mostly mild to moderate in severity and rarely led to treatment discontinuation.
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The incidence of treatment-emergent nausea, dyspepsia, and vomiting was
41%, 21%, and 19%, respectively. The majority of new-onset treatment-
emergent Gl AEs (i.e. nausea, vomiting, and diarrhea) decreased substantially
over time. The incidence of skin-related AEs in the integrated population was
consistent with the incidence from the pooled CAPACITY studies. The
majority of new-onset skin-related AEs occurred within the first 6 months of

treatment initiation and decreased substantially over time.

e Liver enzyme elevations have been reported in pirfenidone-treated patients in
ASCEND, CAPACITY 1 & 2 trials. Increases in alanine and aspartate
aminotransferase 23x ULN were reversible with dose modification or
treatment discontinuation. No cases of liver transplant or death due to liver

failure related to pirfenidone were reported in these studies.

e Changes to liver enzymes, Gl and skin-related adverse events were also

reported in the Japanese SP2 and SP3 studies.

Overall, the results from the 3 large Phase Il studies show that treatment with
pirfenidone 2403 mg/day is generally well-tolerated. The most common treatment-
emergent adverse events observed in clinical trials were gastrointestinal and skin-
related adverse events. These adverse events were generally mild to moderate in
severity and rarely resulted in treatment discontinuation. These safety profile of
pirfenidone are supported by the two Japanese SP2 and SP3 studies.Long-term
clinical safety data of pirfenidone in IPF patients reflect the expected safety profile of

pirfenidone, with no new or unexpected adverse events.

The safety and adverse event profile of pirfenidone is different to that of nintedanib.
The most frequently reported adverse reactions from the nintedanib clinical trial
programme were diarrhoea, nausea and vomiting, abdominal pain, decreased

appetite, weight loss and elevation of hepatic enzymes (EMC 2015b).

It is also noted that, at the latest Pharmacovigilance Risk Assessment Committee
(PRAC) meeting of the EMA in November, the following recommendation was made:
“the product information should be updated to include cases of haemorrhage that
have been reported in the post-marketing period, including in patients with or without

anticoagulant therapy or other drugs that could cause bleeding, in the special
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warnings and precautions for use section. In addition the product information should
be updated to add epistaxis as new undesirable effect with a common frequency”
(EMA 2015b). Pirfenidone is the only approved IPF treatment without a special
warning or precaution for use in patients at risk of cardiovascular disease or bleeding
(EMC 2015a).

A recent publication assessed the use of treatment for IPF in a real-world setting
through review of 7 observationsal studies conducted across 4 countries, including
the UK (Hanari 2015). The authors concluded that the findings of these studies
support the results of clinical trials for pirfenidone: “pirfenidone is well tolerated, and
the most common adverse events are gastrointestinal, skin-related events and

weight loss”.

The authors go on to state that: “No real-life studies on nintedanib are available yet.
However, the real-life scenario seems to be quite different from the one of
randomised trials: patients often have comorbidities, have more severe disease, take
concomitant medications and have a higher mortality. For these reasons, it seems
important that in the future clinical trials better reflect the general population of
patients on whom the drugs will be used and prescribed long term” (Hanari 2015).
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4.13 Interpretation of clinical effectiveness and safety evidence

Interpretation of clinical effectiveness and safety of pirfenidone in IPF
Results from the three large double-blind, randomised, placebo-controlled Phase 3

clinical studies (ASCEND, CAPACITY 1 & 2) provide strong collective evidence that
pirfenidone has a favourable benefit in patients with IPF. Further supportive evidence
of a therapeutic effect for pirfenidone comes from the Japanese studies (SP2 and
SP3).

Patients enrolled in the ASCEND, CAPACITY 1 & 2 studies had mild-to-moderate
IPF which is relevant to the decision problem. The enrolment criteria were based on
international IPF guidelines applicable at the time and recruited a sample
representative of UK practice. Whilst the pivitol RCTs were multi-national studies with
UK study sites, comparisons of IPF patients from multiple real-world studies provides
reassurance that the results are applicable in the UK; “The profile of these patients
[included in the observational studies] seems to be quite similar all over the world, as
does their clinical management’(Harari 2015). Baseline characteristics of the patients

across all three studies were similar, despite slight differences in study design.

In ASCEND, treatment with pirfenidone for 52 weeks significantly reduced disease
progression (as measured by changes in FVC, 6MWD, and PFS) compared with
placebo in patients with IPF. At Week 52, there was a relative reduction of 47.9% in
the proportion of patients with a 210% decline in % predicted FVC or death (p<0.001)
in the pirfenidone group as compared with placebo. There was also a relative
increase of 132.5% in the proportion of patients with no decline in FVC in the
pirfenidone group vs. placebo (see Table 18: 63 patients [22.7%] vs. 27 patients
[9.7%]) (p<0.001). The treatment effect on FVC emerged early and increased during
the course of the trial, resulting in an approximate halving in the rate of decline at 1

year.

The finding with respect to the primary end point was supported by the favorable
effect on rates of death from any cause and from IPF. At Week 52, there was also a
relative reduction of 27.5% of the proportion of patients who had a decrease of 250m

in BMWD or who died in the pirfenidone group as compared with placebo (p=0.04).
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Pirfenidone also reduced the relative risk of death or disease progression by 43%
compared with placebo (HR: 0.57 [95% CI: 0.43-0.77] p<0.001). (King 2014)

CAPACITY 2 reached its primary endpoint at Week 72; pirfenidone 2403 mg/day was
associated with significantly reduced decline FVC compared with placebo (-8.0% vs.
-12.4%; p=0.001). Mean change in % FVC in the pirfenidone 1197 mg/day group
were intermediate to the pirfenidone 2403 mg/day and placebo groups. CAPACITY 1
did not reach its primary endpoint: there was no significant difference between
pirfenidone 2403 mg/day and placebo in the mean change in % predicted FVC was
evident at Week 72 (-9.0% vs. -9.6%; p=0.501). Nonetheless, the study provided
supportive data on treatment effect of pirfenidone in patients with IPF. A significant
treatment effect was evident at every timepoint from Week 12 to Week 48, and in
repeated-measures analysis of % predicted FVC change over all assessment
timepoints (p=0.007). At Week 72, the pooled analysis of pirfenidone 2403 mg/day
across the CAPACITY studies showed that it prolonged PFS by 26% compared with
placebo (HR: 0.57 [95% CI: 0.57-0.96] p=0.025). In the pooled analysis, a 31.2%
relative difference was noted between pirfenidone 2403 mg/day and placebo in
reducing the declining in 6MWD at Week 72 (p=0.0009). (Noble 2011)

There were two sources of variability identified in CAPACITY 1 which may explain
why the primary endpoint was not met. Firstly, a significant imbalance was observed
resulting in a higher proportion of patients trending towards borderline obstructive
disease (defined as FEV1/FVC <0.8) in the CAPACITY 1 placebo arm. Secondly,
adherence in the pirfenidone arm diminished after Week 48. Once both sources of
variability are accounted for, the heterogeneity of pirfenidone’s treatment effect in the
CAPACITY studies attenuated and closely resembled the treatment effect in
CAPACITY 2, making the results of pirfenidone on functional parameters in patients

with IPF highly consistent, statistically significant and clinically relevant.

Due to the inconsistency in results of the primary outcome in the CAPACITY trials, a
third phase Il trial was requested by the FDA to confirm the efficacy of pirfenidone in
patients with IPF. In its consideration of the totality of evidence from ASCEND,
CAPACITY 2 and CAPACITY 1 (including the pooled analysis), the FDA concluded:

“Efficacy data shows consistent positive benefit of pirfenidone in the treatment of IPF.
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Statistically significant improvement of FVC was seen in Studies 004 (CAPACITY 2)
and 016 (ASCEND). Benefit in FVC was supported by a numerical trend in favor of
mortality for pirfenidone compared to placebo. There was also benefit noted in other
secondary measures such as PFS, and 6MWT distance”(FDA, 2014a)

The efficacy results from the 3 large studies (ASCEND, CAPACITY 1 & 2) show that
pirfenidone 2403 mg/day in IPF patients is more effective in reducing disease

progression compared with placebo.

The mortality analyses were prespecified to be conducted in both the ASCEND
population and in the pooled population from the ASCEND and CAPACITY trials.
The magnitude of the treatment effect on mortality was large and internally consistent
across analyses and populations — an important clinical finding. In the pre-specified
pooled analysis of ASCEND, CAPACITY 1 & 2 at 52 weeks, patients treated with
pirfenidone 2403 mg/day had an approximate (and statistically significant) 50%
reduction risk of death compared to the placebo arm. (HR=0.52; 95% CI: 0.31-0.87;
p=0.011)

A post-hoc analysis of the pooled CAPACITY and ASCEND datasets has
demonstrated that patients on pirfenidone with a 210% reduction in FVC have
significantly less mortality than those on placebo with a similar change. These
findings are suggestive of a salutary treatment effect with pirfenidone, beyond just
the slowing in the rate of loss of lung function. The effects of pirfenidone on physical
function (as measured by 6MWD) could also play a role in longer-term survival
(Nathan 2015a, Nathan 2016).

The two Japanese studies (SP2 and SP3) provide supportive efficacy and safety
data to the three large trials summarised above, however, the doses used in these
studies are lower than the licensed dose in the UK, due to the lower body weight of

the Japanese population has compared to their European counterparts.

In a subgroup analysis of the pooled ASCEND, CAPACITY 1 & 2, data looking at the
treatment effect of pirfenidone stratified by baseline disease severity, results showed
that pirfenidone reduces disease progression with no significant differences between
earlier (FVC 280%) and later/more advanced disease groups (FVC <80%) (Albera
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2015). These findings support the prompt initiation of treatment with pirfenidone after
IPF diagnosis, irrespective of disease severity (see Section 4.8). The use of
pirfenidone in patients with mild IPF has been recommended by national agencies in

a number of countries, including Canada, Sweden and Switzerland.

Analysis of the RECAP population — those with a % predicted FVC <50% and those
with = 50% — also supports early intervention with pirfenidone, and its continued use
in patients, with a similar decline over 180 weeks experienced in both groups
(Section 4.8).

Clinical trial results are supported by UK observational data reporting clinical
experience with pirfenidone 6 and 9 months before and after treatment initiation
(Chaudrhuri 2014). The investigators reported a reduction in the decline of mean
percentage change of FVC. After 9 months there was a difference in the gradient of
slope of decline in FVC before and after pirfenidone commencement from
-1.043+1.605 to —0.197+0.231. Although retrospective, observational data such as

this supports the previous efficacy data from clinical trials.

Overall, the results from the 3 large Phase Il studies (ASCEND, CAPACITY 1 & 2)
show that treatment with pirfenidone 2403 mg/day is generally well-tolerated with an
acceptable side effect profile. EMA has recently requested Bl to update the
nintedanib SmPC with a warning on the risk of haemorrhage and epistaxis and new
data on mild/moderate hepatic impairment (EMA, 2015b). Pirfenidone is the only
approved IPF treatment without a special warning or precaution for use in patients at
risk of cardiovascular disease or bleeding. The most common treatment-emergent
adverse events observed in clinical trials were gastrointestinal and skin-related
adverse events. These adverse events were generally mild to moderate in severity,
more common during the first months of treatment, and rarely resulted in treatment
discontinuation. Clinical elevations in liver enzyme levels were also more common in
the pirfenidone-treated group compared with placebo, but were reversible with no
clinical consequences. These safety findings are supported by the two Japanese
SP2 and SP3 studies. Long-term clinical safety data of pirfenidone in IPF patients
(n=789) with data collated from 2059 patient exposure years, reflect the expected

safety profile of pirfenidone, with no new or unexpected adverse events.
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Strengths of the clinical evidence base

Marketing authorisation status

Both the FDA and EMA approve the use of pirfenidone for the treatment of IPF.
Pirfenidone was granted EU marketing authorisation on the 28th February 2011 by
the European Commission (EU/1/11/667/001; EU/1/11/667/002; EU/1/11/667/003)
(EMA public summary/SMPC). Prior to this, pirfenidone was designated as an
‘orphan medicine’ (a medicine used in rare diseases) on 16th November 2004 by the
European Commission (EMA EU/3/04/241) (EMA orphan). The FDA granted
pirfenidone fast track, priority review, orphan product, and breakthrough designations
in October 2014.

Study design

ASCEND, CAPACITY 1 & 2 were large, rigorous, randomised double-blind, placebo
controlled studies and were very similar in design. The planned schedules for
CAPACITY 1 & 2 were identical. Entry criteria CAPACITY 1 & 2 were in general
based on the diagnostic criteria in the ATS/ERS guidelines (ATS/ERS 2000) thus
ensuring consistency and robustness in the diagnosis of patients for inclusion into
the studies. ASCEND had minor differences in study design to CAPACITY 1 & 2, but

despite this, the baseline characteristics were similar across all three studies.

Collection of study data

Patients who participated in the ASCEND, CAPACITY 1 & 2 studies were recruited
from specialist centres around the world, including the UK. It is anticipated that in
clinical practice IPF patients will be managed at specialist centres and therefore the

results should be applicable to UK practice.

Baseline characteristics

In the CAPACITY 1 & 2 studies, patients were eligible to enter if their FVC was 250%
predicted and their DLco 235% of predicted value and the licensed indication states
that pirfenidone is indicated for mild to moderate IPF. The indication itself does not
define mild and moderate disease in terms of FVC thresholds (Nathan 2011). In

ASCEND, patients with major airflow limitation were excluded, in order to enrol
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patients at higher risk for disease progression. Despite minor differences in eligibility
criteria, baseline characteristics were similar between intervention and control groups
in all five trials (ASCEND, CAPACITY 1 & 2, SP2 and SP3).

Relevant clinical endpoints

Whilst overall survival is a critical end point for IPF studies, there were relatively few
deaths (<10%) in the three large Phase Il studies (ASCEND and CAPACITY 1 & 2),
in either treatment group. None of the studies were powered to assess the effect of
pirfenidone on mortality, so a pre-specified pooled analysis of the three trials was
perfomed to increase statistical power. In the prespecified analysis of all-cause
mortality in the pooled population of 1247 patients (555 from the ASCEND study and
692 from the CAPACITY studies), pirfenidone reduced the risk of death at 1 year by
48%, as compared with placebo (hazard ratio, 0.52; 95% ClI, 0.31 to 0.87; P=0.01)

Change in FVC was selected as the primary endpoint because of its widespread
clinical use, and the clinical relevance of irreversible loss of lung function. FVC was
selected as the primary endpoint because it is a reliable, valid, and responsive
measurement of irreversible morbidity in IPF, and is highly predictive of survival. An
assessment of the proportion of patients with a decline of 210% is a threshold widely
accepted as clinically meaningful and prognostic of death is more directly clinically
meaningful than is the assessment of differences in treatment group means. FVC is
also easily measured in routine clinical practice. It is a reliable and reproducible test

which is used by many IPF specialist centres.

Weakness of the clinical evidence

Generalisability to patients with severe IPF

As only patients with mild to moderate IPF, and relatively few comorbidities, were
enrolled in ASCEND, CAPACITY 1 & 2 the results need to be carefully interpreted for
the broader population of patients. Since concomitant administration of other
treatments for IPF was generally prohibited, the effect of these therapies in patients
given pirfenidone is not known but other commonly used supportive therapies were

administered as well as medicines for other conditions.
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A review article on real-world evidence for pirfenidone in IPF support the efficacy and
safety findings from the clinical trials. Results from a Named Patient Programme
conducted in the UK (n=40), showed a reduction in FVC and DLco decline after
starting pirfenidone treatment. Pirfenidone was well-tolerated, and the most common
adverse events were Gl, skin-related, and weight loss. Real-world evidence also
suggests pirfenidone could be effective in patients who are more severe those in the
RCTs (Harari and Caminati, 2015).

Difference outcomes in CAPACITY 1 & 2

Different FVC outcomes across studies may be a product of the natural variability in
rates of FVC decline in this heterogeneous disease. This is supported by an analysis
of the placebo groups in the two studies, each of which behaved quite differently. As
shown in Figure 38, the CAPACITY 1 placebo group relative to the CAPACITY 2
placebo group appears to have an attenuated rate of decline in percent predicted
FVC, beginning around Week 36 and persisting through Week 72 (FDA, 2010). In
addition, the slope of the percent predicted FVC curve for the CAPACITY 1 placebo
group is different from that observed for the CAPACITY 1 pirfenidone group and both
groups in CAPACITY 2.

Figure 38. Mean Change from Baseline in Percent Predicted FVC in CAPACITY 2
(PIPF-004) and CAPACITY 1 (PIPF-006) (ITT population)
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Disease severity based on % predicted FVC

Whilst using FVC threshold is potentially attractive to define the severity of IPF, it is
recognised that this is an arbitrary cut-off to some extent and that other factors are
taken into account in clinical practice as to when to treat a patient. For instance, if the
predicted FVC was 81% at diagnosis (potentially mild disease), it would not be
known whether that patient started with a predicted FVC at 81% and had lost no lung
function or started at 120% and has lost one third of their FVC. Given that most
patients die with an FVC of about 40%, in the second scenario, the patient has
progressed halfway from onset to death. Clinicians would also expect to take into
consideration other factors to reach a truly accurate measure of disease severity
including HRCT and DLco.

Japanese studies

SP2 is the smallest and weakest of the pirfenidone studies. It used a non-validated
primary endpoint, oxygen desaturation during a treadmill exercise test and failed to
distinguish active from placebo treatment. However, there was a statistically
significant difference in the rate of decline of FVC and by nine months 14% of
placebo patients and none of the pirfenidone group had experienced an acute

exacerbation.

SP3 is a larger, randomised, placebo controlled trial of pirfenidone in 275 patients
who were diagnosed with IPF according to ATS criteria. Significant differences were
found in the decrease in vital capacity over 52 weeks which was the primary endpoint
and the progression free survival (Taniguchi 2010). The main challenge with SP3 is
that the initial primary endpoint was oxygen desaturation during exercise. However,
during the course of this multi-year trial, the academic community’s views on
appropriate primary endpoints in IPF evolved, and the data safety and monitoring
board recommended a change of the primary endpoint to VC after a discussion of

blinded interim comparative data.

The SP3 (and SP2) study used the last observation carried forward to compensate
for missing data in about one third of the subjects and this approach might have
contributed to the apparent difference between the groups. Using the last

observation carried forward to replace missing data may make the group with the
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greater dropout rate appear to do better, if lung function decreases progressively with
time. Importantly, this technique may underestimate the true variability of missing
data and inflate the type 1 error rate (i.e. the rate of finding a statistically significant
difference when a difference does not truly exist). In studies such as this one, with a
small treatment effect and marginal p-value, significance may hinge on the method of

statistical adjustment used.

Relevance to clinical practice

ASCEND and CAPACITY 2 showed statistically significant evidence of benefit in the
primary outcome variable of change in lung function, with a relative difference from
placebo of 35% in FVC change. The primary endpoint was not met in CAPACITY 1;
however, supportive analyses (including a repeated measures analysis of overall
treatment effect during the study) provide evidence of a pirfenidone treatment effect
on FVC.

Scientific literature and expert opinion support the clinical meaningfulness of changes
in FVC and recognise a decline of 10% in percent predicted FVC as an independent
predictor of mortality in patients with IPF (Collard 2003; Latsi 2003; Flaherty 2003;
Zappala 2010). In the recent study by du Bois the one-year risk of death in patients
with IPF was more than 2-fold higher (p<0.001) in patients with a 24-week decline in
FVC between 5-10%. The estimated minimal clinically important difference in this
study was estimated at 2-6% (du Bois 2011b). In ASCEND, at Week 52, 16.5% of
patients in the pirfenidone group experienced an FVC decline of 210% or death,
compared with 31.8% in the placebo group, representing a clinically significant
47.9% reduction in the proportion of patients who experienced a meaningful change
in FVC or death. In CAPACITY 2, there was a reduction of 42% in the proportion of
patients with a decrement of 210% in percent predicted FVC at Week 72; in
CAPACITY 1, there was a 14% reduction and in the pooled analysis (representing
the most stable estimate of the magnitude of effect), a 30% difference between
pirfenidone- and placebo-treated patients. This magnitude of reduction in the
proportion of patients with this clinically meaningful decrement is inherently relevant

in a disease manifested by ongoing and irreversible loss of lung function.
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In ASCEND, there was a relative reduction of 27.5% of the proportion of patients who
had a decrease of 250m in 6MWD or who died in the pirfenidone 2403 mg/day group
as compared with placebo at Week 52 (p=0.04). In the pooled analysis of
CAPACITY 1 & 2 studies, the mean decline from baseline in 6MWD was markedly
reduced in the pirfenidone 2403 mg/day group compared to the placebo group at
Week 72 (absolute difference of 24 m; p<0.001). The selection of the 50 m
decrement was based on recent data supporting this threshold as clinically
meaningful and prognostic for survival where a 24-week decrement of 50 m was
associated with a four-fold increase in the risk of death over the subsequent 12
months (p<0.001) (du Bois 2011a).

Other findings also provide evidence of a clinically meaningful benefit of pirfenidone
in patients with IPF. In ASCEND, pirfenidone also reduced the relative risk of death
or disease progression by 43% compared with placebo (HR: 0.57 [95% CI: 0.43-
0.77] p<0.001). In CAPACITY 2, pirfenidone 2403 mg/day was associated with a
relative reduction of 36% in the risk of disease progression or death compared with
placebo. While the studies excluded patients with advanced disease and, therefore,
had low power to assess survival, in both CAPACITY 1 & 2, there were fewer deaths
overall and fewer IPF-related deaths in patients treated with pirfenidone 2403 mg/day

than in those receiving placebo.

The evidence from the phase 3 studies investigating pirfenidone is relevant as it
provides a comparison with placebo which is representative of ‘best supportive care’
as outlined in national guidelines by the BTS (Wells 2008a) as outlined in the final
scope. Inthe ASCEND, CAPACITY 1 & 2 studies patients could receive
supplemental oxygen, pulmonary rehabilitation, opiates and anti-reflux therapy. In
CAPACITY 1 & 2 patients were allowed short courses of azathioprine,
cyclophosphamide, corticosteroids, or acetylcysteine for protocol defined acute
exacerbation of idiopathic pulmonary fibrosis, acute respiratory decompensation, or
progression of disease (Noble 2011). In SP3 concomitant use of corticosteroid was
permitted during the study period, concomitant use of immunosuppressants and

other experimental agents under investigation was not allowed.
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The majority of the evidence base comes from patients that were treated with the UK
licensed dose of pirfenidone 2403 mg/day. The 2403 mg/day dose used in the
ASCEND and CAPACITY 1 & 2 studies was derived by normalisation of the 1800
mg/day dose used in the Japanese studies. This was based on a calculation that
adjusted for the differences in mean weights in the North American and European

patient population compared with the Japanese patient population.

4.14 Ongoing studies

PASSPORT is an ongoing, multicentre, prospective, 2-year safety registry enrolling
European patients with IPF in a real-world setting to evaluate the long-term safety
profile of newly prescribed pirfenidone (<30 days of treatment at registry entry). A full

manuscript with primary results will be submitted for peer-review in Q1 2016.
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5 Cost effectiveness

e A Markov health state model was constructed to be reflective of all available
clinical evidence while allowing results to be easily reproduced.

e Pirfenidone significantly reduces IPF-related and all-cause mortality (Section 4).
This survival benefit is demonstrated in the de novo economic model, with
pirfenidone facilitating a 3.29 life year gain for the ITT population, vs. BSC.

e Pirfenidone was associated with a substantial QALY gain of 1.87 for the ITT
population, vs. BSC. This benefit was observed in both the pre-progression and
post-progression health states, demonstrating the lack of clinical evidence to
support the use of a progression status-based stopping rule in practice.

¢ In the model base case, the ICER for pirfenidone vs. BSC in the ITT population
was ] (st price) per QALY gained.

e As expected, similar cost-effectiveness results applied to both the mild and
moderate populations when modelled in isolation. For the mild population, the
ICER for pirfenidone vs. BSC was |l (list price). For the moderate
population, the ICER for pirfenidone vs. BSC was [l (list price).

¢ Pirfenidone was also cost-effective vs. nintedanib in patients with moderate
disease, with ICERs of [l (list price).

o Validation against alternative sources demonstrated the plausibility of long-term
survival assumptions vs. real-world evidence.

e The model was shown to be particularly sensitive to options regarding the
estimation of long-term survival and duration of treatment effect for all treatments.
This is likely due to the lack of equivalently robust long-term follow-up data for

comparator therapies.
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51 Published cost-effectiveness studies

Identification of studies

A systematic review was conducted to identify cost effectiveness studies of
pirfenidone for adult patients with mild to moderate IPF in England. Full economic
evaluations were included as well as relevant economic data reported in technology
assessments, including those produced for NICE. Given the extent of the previous
searches in the 2011 pirfenidone STA submission, only records published from 2010

onwards were screened [InterMune 2011].

A single search strategy was used to identify cost effectiveness studies, health
related quality of life (Section 5.4.3) and resource use data (Section 5.5.2) in
November 2015. The full strategy is included in Appendix 17. The search was

structured using the following concepts:

Idiopathic Pulmonary Fibrosis AND (Resource use OR Cost-effectiveness OR
Utilities).

The strategy used a combination of subject indexing terms and free text search

terms in the title, abstract or keyword fields to capture the concepts.

The following databases were searched in November 2015: Ovid MEDLINE(R) In-
Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 1946 to Present;
Embase 1974 to 2015 November 16; Econlit 1886 to October 2015; Health
Technology Assessment Database : Issue 4 of 4, October 2015 (Cochrane Library);
NHS Economic Evaluation Database: Issue 2 of 4, April 2015 (Cochrane Library);
Cost-Effectiveness Analysis registry; PROQOLID; ScCHARRHUD and the EuroQol
database. The following websites were searched: NICE; Pharmaceutical Benefits
Scheme (PBS); Canadian Agency for Drugs and Technologies in Health (CADTH);
the SMC. NICE submissions were hand searched, along with a recent systematic
review, Google Scholar and seven conferences. Full strategies are provided in

Appendix 17 to this submission.

Following the searches, obviously irrelevant records (such as animal studies and
studies about ineligible populations) were removed by a single reviewer. The titles

and abstracts of the remaining records were assessed for relevance by one reviewer
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and checked independently by a second reviewer. Once the full text of studies was
obtained, two independent researchers assessed studies in detail for relevance to
the systematic review’s eligibility criteria and made the final selection of studies to

inform the systematic review. The record selection process is shown in Figure 39.

Data on the study design and cost effectiveness outcomes were extracted and
quality assessment was conducted by one reviewer and checked by a second
reviewer. Quality assessment was conducted using the Drummond and Jefferson

criteria [Drummond 1996].

The combined searches for economic evaluations of pirfenidone, resource use and
costs in IPF and utilities in IPF retrieved 5924 records from the database searching.
Of these, 3474 records were published in 2010 or later. 215 records were retrieved
from other sources. 3123 records were assessed after removal of duplicates. 4

studies (in 5 reports) were eligible (Figure 39). A list of excluded studies appears in

Appendix 18.
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Figure 39: PRISMA diagram showing the record selection process for the
systematic literature reviews of economic evaluations, resource use and costs

and utilities

Records from database searches

{no date limits)
n=5924
Records from database searches Records from other sources
(date limited to 2010 onwards)
n=215
n=23474
Records after duplicates
removed
n=3123
Records assessed at fitle and Records excluded at title
abstract and abstract
n=3123 n=2063
Records assessed at full text Records excluded with
reasons
n=180
n=127

Records included
n=33
7 resource use
5 cost eflectiveness
22 utilities

(1 record included for both cost
effectiveness and resource use)
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Description of identified studies

4 studies (in 5 reports) were identified that met the inclusion criteria, summarised in
Table 65 [CADTH 2014, CADTH 2015, InterMune 2011, Loveman 2014, Loveman
2015].

The manufacturer’'s 2011 pirfenidone NICE submission and the associated Evidence
Review Group (ERG) report met the inclusion criteria [Cooper 2012, InterMune
2011]. A patient simulation model was submitted by the manufacturer. The ERG
stated that whilst this was a satisfactory approach, they did not believe that there was

any reason why a Markov cohort model could not have been used.

The manufacturer’s 2011 submission reported an ICER of £25,969/QALY for patients
with FVC of <80%. The ERG reported concerns about the quality of the evidence to
support the ICER for patients with FVC of <80% which was due to data from the
ASCEND study not being ready to be included in the submission. The ERG
suggested that triple therapy should have been considered as a comparator,
although this is not included in the scope to this appraisal. The ERG was also not

convinced by the data that pirfenidone was clinically superior to BSC.

Loveman et al. produced a UK health technology assessment of all available
treatments for IPF for the National Institute for Health Research [Loveman 2014,
Loveman 2015]. The model used efficacy data from a systematic review of 14
studies, 10 of which were pharmaceutical treatments. The studies were of all patients

with a diagnosis of IPF regardless of severity.

The findings of the 10 pharmaceutical treatment studies were used to inform a
network meta-analysis (NMA) and to populate a Markov state transition economic
model with four health states: unprogressed IPF, progressed IPF, lung
transplantation and death. In all live states patients could have an exacerbation.

Movement into the progressed state occurred after a decline in FVC of at least 10%.

Six interventions in total were assessed: pirfenidone; azathioprine and prednisolone;
BIBF 1120 (nintedanib); NAC triple therapy; inhaled NAC; and sildenafil. Utility data
were taken from a separate systematic review with costs from the BNF and NHS

reference costs.
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An incremental analysis was performed producing an efficiency frontier comprising
BSC, inhaled NAC compared to BSC at £5,037/QALY and nintedanib compared to
inhaled NAC at £209,246/QALY. Pirfenidone was dominated by inhaled NAC.

Although the study was of high quality when judged against the Drummond checklist,
with no areas of concern, its relevance to the UK and to this submission is limited.
The systematic review of the effectiveness evidence did not include the ASCEND
and INPULSIS trials and so did not take into account three large, recent and highly
relevant evidence sources. In addition, the NMA includes a trial of severe IPF

patients where the placebo arm could influence overall results in the network.

The utility values chosen for the un-progressed and progressed states were not from
the UK and that may also limit the generalisability of findings. Similarly, efficacy data
were taken from studies predominantly outside of the UK and for pirfenidone the data
were taken from two Japanese studies and two multi-national studies (of which the
UK was one country). The authors acknowledged that this may limit the

generalisability of the findings to the UK.

Two of the eligible studies were Common Drug Reviews (CDR) for the CADTH
Canadian Drug Expert Committee (CDEC). One of the CDRs was for nintedanib and
the other for pirfenidone (an update of a previous CDR following publication of data
from the ASCEND) [CADTH 2014, CADTH 2015].

The pirfenidone CDR used pooled data from the ASCEND, CAPACITY and RECAP
studies for effectiveness [CADTH 2014]. Pirfenidone was compared to BSC
(symptom relief, pulmonary rehabilitation, management of comorbidities, and end of
life care, including oxygen therapy) for which survival data were drawn from an
unreferenced observational study. The CDEC questioned the way the model
extrapolated short term onto long-term survival without evidence that short-term

gains with pirfenidone persisted over a patient’s lifetime.

The nintedanib CDR used data from the INPULSIS and ASCEND trials [CADTH
2015]. The manufacturer's model used data from two indirect comparisons that
suggested similar efficacy between nintedanib and pirfenidone. Although the CDEC

concluded that there remains uncertainty, if efficacy is equal then the lower daily drug
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acquisition cost of nintedanib (CAN$109) compared to pirfenidone (CAN$117) would

mean that nintedanib dominates pirfenidone.

The CDRs provide only a brief summary of the cost effectiveness results and
therefore score poorly against most areas of the Drummond quality assessment
check list. In addition, the costs provided relate to drug acquisition prices in Canada.
In the absence of the full economic models and reports provided to and produced by
CADTH as part of the CDRs and the use of Canadian drug prices, the
generalisability of the results of the CDRs to the UK is limited.

It is noted that the model for the 2015 nintedanib NICE submission did not meet the
inclusion criteria for this review as it was for all patients with IPF and not just those
patients with mild to moderate disease [Boehringer Ingelheim 2015]. Although the
ICERSs reported are not relevant to this submission, the ERG’s comments on the
model structure and parameter values have been taken into account when

constructing the de novo model described in the following sections.
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Table 65: Summary of eligible cost-effectiveness studies

Study

Year

Summary of model

Patient
population
(average age
in years)

QALYs
(intervention,

comparator)

Costs (currency)
(intervention, comparator)

ICER (per QALY gained)

InterMune
2011

2011

Microsimulation model.

Efficacy data and QoL
taken from CAPACITY
trials. Cost data taken from
NHS reference costs and
published literature.
Discontinuation data taken
from RECAP extension.
Time horizon was lifetime.

NR

NR

NR

£25,969/QALY compared to
BSC in patients with
predicted FVC <80% or less

CADTH
2014

2014

Cost utility model.

Efficacy data drawn from
ASCEND and CAPACITY
trials and RECAP
extension. Utility taken
from mapping of SGRQ
onto EQ5D. Assumed 50%
discontinuation on
pirfenidone at four years
and 85% at 10 years.
Assumed ongoing efficacy
of Pirfenidone after
discontinuation

NR

NR

Daily cost of Pirfenidone
CAN$115 (CAN$12.77 per
267mg capsule. 3 capsules
taken three times daily)

CAN$78,024/QALY vs BSC

CADTH
2015

2015

Cost utility model.

Efficacy data for nintedanib
drawn from INPULSIS
trials and for pirfenidone
from the ASCEND ftrial via

NR

NR

Daily cost of Pirfenidone
CAN$117 (annual cost
CAN$41,983 year one and
CAN$42,804 subsequent
years). Daily cost of

As the model assumed
pirfenidone and nintedanib
were equally efficacious and
nintedanib was CAN$8 per
day less costly, nintedanib
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Study Year | Summary of model Patient QALYs Costs (currency) ICER (per QALY gained)
population (intervention, | (intervention, comparator)
(average age | comparator)
in years)
an NMA. QoL was nintedanib:CAN$109 dominated pirfenidone
determined for changes in (annual cost CAN$39,683). | although this was not
FVC from INPULSIS trials. explicitly stated in the CDR
Time horizon was lifetime.
Loveman 2015 | Markov state transition Unprogressed | Pirfenidone: Pirfenidone: Pirfenidone:
2014 & cost utility model. IPF mean age | 3.34; BSC: £70,118; BSC: £3,084; Dominated by inhaled NAC.
Loveman Four health states: 66 2.98; Azathioprine & Inhaled NAC: £5,037/QALY.
2015 unprogressed IPF, Azathioprine & | prednisolone: All other comparators
progressed IPF, lung prednisolone: | £4,313; NAC dominated of extendedly
transplantation and death. 2.66; NAC triple therapy: dominated by inhaled NAC
In all live states patients triple £5,021; Inhaled except Nintedanib with an
Movement into the 3.37; £12,008;
progressed State occurs S|Idenaf|l: N|ntedan|b:
after a decline in FVC of at A1 £139,613
least 10%. Nintedanib:
4.01

Effectiveness data from
systematic review and
NMA. Utilities from
systematic review. Costs
from BNF and NHS
reference costs.

Key: BSC, Best Supportive Care; CADTH, Canadian Agency for Drugs and Technologies in Health; FVC, Forced Vital Capacity; ICER, Incremental Cost
Effectiveness Ratio; IPF, Idiopathic Pulmonary Fibrosis; NICE, National Institute for Health and Care Excellence; NMA, Network Meta Analysis; NR, Not
Reported; QALY, Quality Adjusted Life-Year; QoL, Quality of Life; SGRQ, St George’s Respiratory Questionnaire.
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The detailed quality assessment of the eligible studies against the 36 point

Drummond and Jefferson checklist is provided in Appendix 19.

Loveman was assessed as being of high quality with no concerns relating to study
design, data collection or the analysis and interpretation of results [Loveman 2015].
The CDRs provided only a brief summary of the cost effectiveness results and
therefore scored poorly against most areas of the Drummond quality assessment
check list [CADTH 2014 CADTH 2015]. The 2011 pirfenidone submission was a
detailed economic model designed to meet NICE's requirements and presented as
required by NICE [InterMune 2011].

5.2 De novo analysis
Patient population
Pirfenidone is indicated in adults for the treatment of mild to moderate IPF [EMA

2015a]. In accordance with the information most easily available across clinical trials,

the severity of IPF is derived from patient FVC as shown in Table 66.

Table 66: IPF severity by FVC

IPF severity % predicted FVC category
Mild > 80%

Moderate 50 — 80%

Severe <50%

Key: FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis.

As described in Section 3 there is no agreed staging system for IPF. The definition of
severity of IPF is multifactorial with key clinical parameters such as FVC, DLco, the
presence of co-existing emphysema and the existence of progressive symptoms
taken into account when determining the best course of treatment for a patient. This
multifactorial definition has led to some differences in the clinical trial definitions used

making comparison between different sources of evidence complex [NICE 2015e].

The EMA licence for pirfenidone was granted on the basis of the finding of the pivotal
phase lll studies, therefore the modelled population reflects the trial and licence

population. Baseline patient characteristics for this population are presented in Table
67, taken from pooled data from the Phase Il clinical trials: CAPACITY (CAPACITY |
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& Il) and ASCEND. Full details regarding patient characteristics are presented in
Section 4.5.

Table 67: Baseline patient characteristics

Parameter Pooled data from CAPACITY and
ASCEND

Age 67

% male 74%

% predicted FVC 2%
o > 80% 25.3%

Distribution of %

predicted FVC 50 — 80% 73.6%

category <50% 1.0%

SGRQ 418

6MWD 37

Key: 6MWD, 6 minute walking distance; FVC, forced vital capacity; SGRQ, St.
George’s respiratory questionnaire.

Due to the irreversible nature of IPF, the treatment goal should be to stabilise the
disease, if possible, or at the least reduce the rate of progression [du Bois 2011c].
Therefore, it is anticipated that pirfenidone will be given from first line, in line with
several European guidelines which state that pirfenidone should be offered to
patients as a first line therapy within its licensed indication for the treatment of mild to
moderate IPF [Raghu 2015].

It should be noted that since pirfenidone was previously recommended in patients
with moderate IPF, treatment with pirfenidone also has the potential to keep people
well rather than to treat once disease is established and progressive [NICE 2015¢].
As described in Section 4.8, the efficacy of pirfenidone has been demonstrated to be
similar whether initiated in patients with FVC %-predicted >80%, or <80% [Albera
2015].

Model structure: Markov vs simulation

We consulted clinical and health economic experts in developing the model

structure, as well as reviewing all available literature (see Section 5.1).

The structure of the economic model has been designed with the objective of

reflecting all available clinical evidence while allowing results to be easily
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reproduced. In the original pirfenidone NICE manufacturer submission (TA282), a

micro-simulation was chosen (see Figure 40) [InterMune 2011].

Figure 40: Previous economic model structure from TA282 submission

Cycle 1 P(Other cause mortality) Cycle 2

P(IPF-related mortality)
FVC&6MWD P(Hospitalisaton) APveiasMw |—{ Fvc g emwo
! Baseline age, gender, FVC and
: an Wri)gzmpfgégr p[al(;ems : ! Calibration method used to emulate IPF-
[ fom70s and 0 studes i related mortality observed in 004/006:
f f i f 1. Aneffect onIPF-related mortality,
5 - Dead H independent of FVC and 6MWD, is
f 29 i % P(Other cause mortality) i assumedin the standard of care arm,
o i 2. Following this, the model calibrates tothe
HR by assuming a treatment effect for PFD
§ Model samples 1000 cohots, | P(IPF-related mortaliy) Not Dead independent of FVC and 6MWD.
H eachwith 692 patients
FVC& 6MWD P(Hospitalisation) AFVCIAGMWD || FVC & 6MWD
socC
Sampled patients move through the Baseline FVC and 6MWD used to predict § 3 Other-cause mortality based on general 3 Change in FVC and Change in 6MWD for PFD ;
i PFDand SOC am, Total costs and | : probability of IPF-related mortality, H 1 population statistics. Dead patients exit 1 and SOC sampled from PFD and placebo ams |
1 QALYs are calculated for each arm : 1 probability of hospitalisation and SGRQ i i themodel. SGRQ mapped to EQ-5D ! of the 004/006 studies , respectively

‘ New FVC and 6MWD for cycle 2 calculated and

Regressions based on 004/006/007 process repeats

Key: EQ-5D, EuroQol 5-Dimension; FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis;
PFD, pirfenidone; SGRQ, St George’s Respiratory Questionnaire; SOC, standard of care; 6MWD, 6
minute walking distance.

This structure was considered necessary at the time because of the immaturity of the
survival data in the CAPACITY studies. However, with long term follow up data from
RECAP, along with new survival data from the ASCEND trial, we now firmly believe

the best structure of the model is a cohort-based partitioned survival model.

The micro-simulation model that was previously submitted, and accepted by NICE,
has additional complexity than the preferred cohort simulation model. The ERG
report from the TA282 appraisal of pirfenidone stated “Although individual patient
simulation is a valid modelling approach, the ERG highlights that these concerns
could have been addressed with a cohort approach and the reason for not using this

more common approach is not made clear.” [NICE 2016f].

In developing our evidence dossier, we considered whether the added complexity of
the micro-simulation model provided any more precise estimates on the cost-

effectiveness of pirfenidone. In reviewing both models, we do not believe the micro-

Roche evidence submission for pirfenidone for the treatment of idiopathic pulmonary fibrosis Page 199 of 305



simulation model better estimates the cost-effectiveness, but does contribute

considerably more complexity.

Selection of outcomes to include within the model

When selecting which outcomes to base the model structure upon the following

factors were taken into consideration:

e Importance of the measure to the prognosis, costs and quality of life of IPF
patients

e Correlation between measures

e Availability of data within the pirfenidone clinical trials

¢ Availability of data to allow comparison with both nintedanib and BSC

e Precedent in terms of previously accepted models

The previously accepted pirfenidone model utilised a model structure based upon
both FVC and 6MWD. The nintedanib NICE manufacturer submission to NICE
utilised a model structure comprising of FVC categories as model health states
[Boehringer Ingelheim 2015]. Each percentage predicted FVC health state within the
nintedanib NICE manufacturer submission considered a separate utility value, based
on nintedanib Phase lll trial post-hoc analysis. The Loveman model used health

states based upon progression free survival [Loveman 2015].

Whilst FVC is an important clinical outcome, the quantity and quality of the evidence
required to support the relatively complex approach within the nintedanib NICE
manufacturer submission is insufficient. This is similar to the issues surrounding
whether or not the additional complexity was justified for the microsimulation model
within TA282. Specifically, the large number of health states requires a number of

assumptions in order to incorporate transition probabilities.

In addition to the number of assumptions required for a model with this structure,
patients would be expected to progress multiple times throughout the model. Pooled
data from the pirfenidone Phase lll trials suggests that the number of patients
experiencing multiple progressions within a 12 month period is negligible, as shown
in Figure 41. This further confirms the inappropriateness of considering a model with

FVC-specific health states.
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Figure 41: Histogram of change in FVC% predicted at 12 months
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In IPF, FVC trends are the most accurate serial surrogate for mortality [Wells 2008b].
A decline in percentage predicted FVC of 210% is a decrement that has long been
recognised as both clinically significant and highly predictive of mortality [Collard
2003, Flaherty 2003, Latsi 2003, Zappala 2010]. Smaller changes in FVC of 5-10%
have also been shown to predict mortality [du Bois 2011a; du Bois 2011b; Zappala
2010; Taniguchi 2011], and the minimal clinically important difference established for
FVC is between 2-6% [du Bois 2011b].

The study by du Bois et al. (2011) assessing the usage of percentage predicted FVC
in IPF patients found that a decline in percent-predicted FVC was consistently
greater for patients with larger declines in levels of physiologic function, functional
status, and HRQoL [du Bois 2011a]. Equivalently, HRQoL is assumed to deteriorate
over time, in accordance with a decline in percentage predicted FVC being

associated with large declines in levels of HRQoL.

FVC has the additional benefit that it reflects the absolute state of a patient’s
condition, adjusted for body capacity; age, gender, and height removing the potential

for some of the heterogeneity of the health-state members.

Comments received from stakeholders during the scoping consultation to this

appraisal suggested that FVC alone may not provide sufficient representation of
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disease course [NICE 2015e]. Based on these comments, two other potential
surrogates for disease severity and progression in IPF were considered for use

within the model:

e DLco
e 6MWD

DLco is a frequently reported outcome measure in IPF trials, but was not used in the

model structure for the following reasons:

e Lack of comparable data
o0 Four of the pirfenidone trials (CAPACITY | & Il, SP3, SP2) reported data in
relation to the change from baseline in DLco. The CAPACITY trials
reported the change in % predicted DLco, while SP2 and SP3 reported the
mean decline (mL/min/mmHG). Change from baseline in DLco was not
reported in the ASCEND trial [King 2014a].
0 Absolute change from baseline in DLco was reported for the duration of
the trial in the TOMORROW study, but for 52 weeks only in the INPULSIS
trials [Boehringer Ingelheim 2015].
e Collineraity of DLco and FVC
0 When the DLco has been used in clinical trials, it has mostly been the
absolute DLco measure without correction for the alveolar volume.
Therefore, the DLco will tend to track with the FVC if it is used uncorrected
for lung volumes, which raises the issue of collinearity between these two
pulmonary function measurements [Nathan 2014].
e Serial gas transfer trends have a lower prognostic value in IPF and may be
confounded by pulmonary vascular disease in systemic sclerosis [Wells 2008b].
o Compared to FVC, DLco is more difficult to measure, requires a breath
hold that can be difficult for more symptomatic patients and has greater
intrinsic variability. The variability has commonly been recognised as being
as high as 15%, which is the threshold that has typically been utilised to
signify a significant change [Nathan 2014].
o0 DLcois also a less consistent predictor of mortality. Coupled with the

complexities of the procedure and variability in measurements between
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laboratories, it is generally considered a less robust predictor of prognosis
than FVC [du Bois 2011b; Flaherty 2003].

Based upon the available evidence, 6MWD is a more appropriate secondary
measure of disease severity to include within the economic model. Within the original
micro-simulation model, inclusion of 6MWD within predictive equations considerably
improved model fit indicating its prognostic value. Additionally, evidence from the
CAPACITY trials indicates that 6MWD measures different functional domains of the
IPF disease process to FVC [Valeyre 2010a]. Decline in 6MWD has been shown to
be predictive of mortality; a 24-week decline >50m is associated with a 3-fold
increase in risk of death at 1 year [du Bois 2014, Raghu 2011]. Importantly, 6MWD
has also been shown to be a predictor of mortality, independent of FVC [du Bois
2014].

Since there is increasing evidence indicating that the fundamental hallmarks of
cancer biology are comparable to those of IPF, PFS (which is usually employed for
lung cancer studies) could be an appropriate endpoint for IPF studies using
predictive endpoints such as categorical changes in FVC and distance walked in
6MWD [Albera 2011].

The model structure presented within this submission was therefore chosen to be
structured around PFS, using the definition decided by the EMA within the most
recent clinical trial for pirfenidone (ASCEND). The definition of PFS in the ASCEND

trial was patients who had not experienced any of the following events:

e Confirmed 210% absolute decline in percent predicted FVC
e Confirmed =250m decline in 6MWD
e Death

Whilst it is recognised that disease progression is variable from patient to patient,
available literature indicates that declines in FVC=10% and 6MWD=50m are both
prognostic markers for progressing disease, lower quality of life and increased
mortality in the ensuing years. Therefore, it was decided to adopt a heath state
structure similar to that adopted by Loveman et al. which included health states
defined according to a patient’s progression status (non-progressed vs. progressed)
[Loveman 2014].
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In addition the model has the option to include ‘Lung transplant’ as an additional
health state. NICE guidance currently recommends lung transplantation as a
treatment option for patients with IPF who do not have absolute contraindications
[NICE 2013b]. Therefore, it is expected that some patients undergo lung
transplantation if they are eligible. In practice, however, very few patients with IPF
ever receive a transplant; between 2011 and 2012 there were 190 lung
transplantations carried out in the UK, meaning that only a very small number of IPF
patients eligible for a transplant could have received one [NHS 2013]. Lung
transplantation is therefore included as an additional health state as sensitivity

analysis.

The model structure also considers acute exacerbations as an important feature.
Acute exacerbations of IPF are dramatic, singular events that are often fatal and a
major cause of mortality and morbidity in IPF [Boehringer Ingelheim 2015]. As a
result of this, acute exacerbations were included in the NMA, and consequently the
model, to accurately establish the impact of treatment on the incidence of these

events.

Model structure selected

The chosen model structure uses a cohort based partitioned survival model and was

constructed in Microsoft Excel®. The model consists of the following health states:

e Progression-free
e Progressed

e Lung transplant
e Death

The possible routes patients may flow through the model are presented in Figure 42.
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Figure 42: Model structure
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Patients enter the model in the ‘Progression-free’ health state. Based on the risk of
disease progression, patients can remain in the ‘Progression-free’ health state or
move into the ‘Progressed’ or ‘Death’ health state. The rates of progression and the
mortality have been derived from patient level data from the pivotal Phase Il studies.
Patients are able to transition to the ‘Death’ health state from any other health state.

‘Death’ is an absorbing state.

Within the sensitivity analysis, patients could only enter the lung transplant state from
the progressed disease state and if they were under the age of 65. This assumption
was in line with criteria patients must meet to be eligible for lung transplant in clinical

practice.

Acute exacerbation was applied in the model as a risk per cycle based on current
treatment received regardless of prior experience. The application of the risk of acute
exacerbation per cycle allows the model to include initial and subsequent acute
exacerbations, in line with the previously accepted nintedanib NICE manufacturer

submission.

The key features of the de novo analysis are presented in Table 68.
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Table 68: Features of the de novo analysis

Factor Chosen values Justification

Lifetime horizon — after this time

Time horizon 34 years <1% of patients are alive.
Cycle length 3 months Assumption

Were he?lth effects measured in Yes NICE reference case
QALYs; if not, what was used?

Discount of 3.5% for utilities and costs Yes NICE reference case
Perspective (NHS/PSS) NHS NICE reference case

Key: NICE, National Institute of Health and Care Excellence; NHS, National Health Service; PSS, personal social
services; QALYs, quality-adjusted life years.

Intervention technology and comparators

Pirfenidone is indicated in adults for the treatment of mild to moderate IPF and is
currently recommended by NICE for the treatment of patients with FVC <80%. This
review of NICE guidance was precipitated by the publication of data from the
ASCEND trial, which confirmed the efficacy of pirfenidone in patients with FVC>80%.
In line with the scope, comparison is therefore presented according to FVC

subgroup.

NICE clinical guideline 163 on the diagnosis and management of suspected IPF
recommends that BSC (including symptom relief, management of co-morbidities,
withdrawal of therapies suspected to be ineffective or causing harm and end of life
care) should be offered to people from diagnosis and be tailored according to

disease severity, rate of progression and the person’s preference [NICE 2013b].

Nintedanib has recently gained NICE approval for the treatment of adults with
moderate IPF, hence it is included as the primary comparator for patients in this
subgroup of the population [NICE 2016]. Nintedanib is available in 100mg and
150mg capsules. The recommended dose of nintedanib is 150 mg twice daily
reduced to 100mg twice daily if not tolerated [EMC 2015b].

The model therefore compares pirfenidone across its marketing authorisation (adults
with mild to moderate IPF) with the relevant comparator based on FVC subgroup, as

shown in Table 69.
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Table 69: Comparators included in the de novo analysis

Subgroup Comparator | Justification

ITT BSC NTB is not recommended by NICE for the treatment of mild IPF

Mild (FVC >80%) BSC The only treatment currently recommended in this subgroup is
BSC

Moderate (FVC 50 | NTB, BSC NTB is currently recommended by NICE for the treatment of

— 80%) moderate IPF, and therefore would be displaced by PFN

Key: BSC, best supportive care; FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis; NICE, National
Institute of Health and Care Excellence; NHS, National Health Service; NTB, nintedanib; PFN, pirfenidone.

Pirfenidone is available in 267mg capsules, and is administered orally. Upon
treatment initiation, the dose should be titrated to the recommended daily dose of

nine capsules per day over a 14-day period as follows:

e Days 1to 7: one capsule, three times a day (801 mg/day)
e Days 8 to 14: two capsules, three times a day (1,602 mg/day)
e Day 15 onward: three capsules, three times a day (2,403 mg/day)

The recommended daily dose of pirfenidone for patients with IPF is three 267 mg
capsules three times a day with food for a total of 2,403 mg/day [EMC 2015a].

Based on prevailing NICE guidance, treatment with both pirfenidone and nintedanib
may be terminated via the application of a stopping rule: treatment should be
stopped if a patient’s predicted FVC declines by 10% or more in any 12 month period
[NICE 2013a, NICE 2016].

Patients who are not eligible for, cannot tolerate treatment with, or experience the
10% drop in 12 months whilst on pirfenidone or nintedanib, currently receive BSC
suggesting a high unmet need for IPF patients. Imposing the stopping rule may deny
treatment to patients who could derive a morbidity/mortality benefit, as there is no
information to indicate that these benefits are limited to patients whose lung function
declines at a slower rate (see Section 4.8) [NICE 2015e, Nathan 2015, Nathan
2016]. Therefore, the stopping rule is not applied in the model base-case to patients

treated with pirfenidone for both mild and moderate IPF.

The stopping rule is applied for patients with moderate IPF treated with nintedanib in
the model base-case in line with NICE guidance on the usage of nintedanib within
the NHS.
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5.3 Clinical parameters and variables

Patient level data were taken from the trials given in Table 70 to inform the clinical
parameters and variables used in the de novo analysis. Further information
regarding these trials are presented in depth in Section 4. Registry data were also

used for patients receiving BSC, with details presented in Table 71.
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Table 70: Sources of clinical parameters and variables: clinical trials

Clinical Brief description Use in the model
evidence
CAPACITY CAPACITY | and Il (CAPACITY) were Phase lll, double-blind, randomised, Patient level data were used to fit OS and TTD

[Noble 2011]

placebo-controlled, multicentre studies evaluating the safety and efficacy of
pirfenidone in IPF.

ASCEND ASCEND was a Phase lll, double-blind, randomised, placebo-controlled, 52-week

[King 2014] study designed to provide additional evidence of the effect of pirfenidone on
disease progression in IPF.

RECAP RECAP is an open-label extension study designed to assess the long-term safety

[Costabel 2012]

of pirfenidone 2403 mg/day in patients with IPF who received 280% of scheduled
doses and completed the Week 72 final study visit in either of the two CAPACITY
studies. Patients in the ASCEND study were also eligible to roll-over into RECAP.

parametric curves using CAPACITY, ASCEND
and RECAP data based upon the 7 year data cut
from RECAP

PFS data were taken from the CAPACITY and
ASCEND trials as PFS was not measured in
RECAP

Used in NMA for model outcomes:
210% categorical decline in FVC % predicted
All-cause discontinuation of treatment
All-cause mortality
Acute exacerbations

Patient characteristics were used for the average age
of patients entering the model.

Patient level data from CAPACITY | and Il were used

to model quality of life based upon published
mapping algorithms for SGRQ.

SP3 SP3 was a Phase lll, double-blind, randomised, placebo-controlled, multicentre
[Taniguchi study evaluating the efficacy and safety of pirfenidone in IPF patients in 73
2010] centres in Japan.

INPULSIS INPULSIS | and Il (INPULSIS) were multicentre, randomised, double-blind,

[Richeldi 2014]

placebo-controlled replicate Phase Il studies to evaluate the efficacy and safety
of treatment with 150 mg of nintedanib, twice daily in patients with IPF.

TOMORROW
[Richeldi 2011]

TOMORROW was a multicentre, randomised, double-blind, placebo-controlled,
Phase Il study to evaluate the efficacy and safety of four different dose strategies
of nintedanib treatment for 52 weeks in IPF.

Used in NMA for model outcomes:
210% categorical decline in FVC % predicted
6MWD (TOMORROW)
All-cause discontinuation of treatment
All-cause mortality
Acute exacerbations
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Clinical
evidence

Brief description Use in the model

Key: FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis; NMA, network meta-analysis; OS, overall survival; PFS, progression-free survival; TTD, time to treatment
discontinuation; 6MWD, 6-minute walking distance.

Table 71: Sources of clinical parameters and variables: registry data

Registry Brief description (see Section 4.11 for full details) Use in the model

INOVA US IPF registry n=286 following matching process Validation of long-term survival outcomes
Good match in terms of patient characteristics to the CAPACITY and ASCEND trials Sensitivity analysis regarding the shape of

Edinburgh UK IPF registry n=182 following matching process long-term survival

Reasonable match in terms of patient characteristics to the CAPACITY and ASCEND trials

Data from INOVA is presented as primary
comparison as the larger dataset with
the better overlap in terms of patient
characteristics
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In the model, efficacy data for the pirfenidone arm were taken from the pivotal Phase
[ clinical trials (CAPACITY I, CAPACITY Il and ASCEND), along with SP3 and
RECAP. Based on the committee’s consideration / conclusions in the second
nintedanib NICE appraisal committee meeting held in October 2015, SP2 was

excluded as it was considered to be an outlier [NICE 2016].

Standard parametric survival analysis was used to fit curves for the pirfenidone arm
using the clinical trial data. To select the most appropriate curve fit, goodness of fit
statistics were used as well as visual inspection and assessment of long-term
plausibility. The process of fitting standard parametric survival curves was conducted
in accordance to the NICE DSU TSD 14 [NICE DSU 2011].

For the BSC and nintedanib arms, efficacy inputs were derived from an NMA since
no head-to-head RCT data were available for the direct comparison of nintedanib
and pirfenidone. The NMA was incorporated in the model to inform the following key

features:

e Overall survival
e Progression-free survival
e Time to treatment discontinuation

¢ Acute exacerbations

The NMA base case (“base case network, random effects model”) is presented in
Section 4.10. In the base-case, the NMA considers a random-effects model including
all Phase Il and Phase lll trials. Alternative scenarios considered for the NMA are
presented in Appendix 14. Additional clinical parameters and variables (such as IPF-
related deaths) were also incorporated using outcomes separate to the NMA. These

are discussed in the relevant sections below.

Overall survival

Log cumulative hazard and residual plots were inspected and the results of a log-
rank test conducted determining whether there was a significant interaction between

treatment effect and time considered. The results of these analyses are presented in
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Appendix 20. Based upon the results of these analyses, the assumption of

proportional hazards between pirfenidone and BSC was supported.

Parametric survival curves were therefore fit to the pirfenidone data and OS

estimated for both comparators within the base-case using the HR from the NMA.

The curve fits applied to the OS data and their associated goodness of fit statistics

are presented in Table 72.

Table 72: Overall survival — goodness of fit statistics

Model AlIC BIC
EXPONENTIAL 865.47 878.77
WEIBULL 844.15 861.89
LNORMAL 853.23 870.97
GAMMA 845.78 867.95
LLOGISTIC 844.54 862.28
GOMPERTZ 851.70 869.44

Key: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.

The Weibull distribution was selected for the model base-case based upon both
visual and statistical goodness of fit to the observed portion of the pirfenidone

survival curve.

Median survival for patients with IPF is stated as 3 years from diagnosis
[Navaratnam 2011]. However, the clinical course of IPF is variable and consequently
this median survival does not reflect the variability seen in subgroups where both
slowly progressive and rapidly progressive patient types are recognised. For patients
staged using GAP severity assessment survival at 3 years is >80% for Stage |,
>50% for Stage Il 