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Instructions for companies

This is the template for submission of evidence to the National Institute for Health and
Care Excellence (NICE) as part of the single technology appraisal (STA) process.
Please note that the information requirements for submissions are summarised in this

template; full details of the requirements for pharmaceuticals and devices are in the

user guide.

This submission must not be longer than 150 pages, excluding appendices and the

pages covered by this template. If it is too long it will not be accepted.

Companies making evidence submissions to NICE should also refer to the NICE guide

to the methods of technology appraisal and the NICE guide to the processes of

technology appraisal.

In this template any information that should be provided in an appendix is listed in a

box.

Highlighting in the template (excluding the contents list)

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields, so
to replace the prompt text in [grey highlighting] with your own text, click anywhere

within the highlighted text and type. Your text will overwrite the highlighted section.
To delete grey highlighted text, click anywhere within the text and press DELETE.

Grey highlighted text in the footer does not work as an automatic form field, but serves
the same purpose — as prompt text to show where you need to fill in relevant details.
Replace the text highlighted in [grey] in the header and footer with appropriate text.
(To change the header and footer, double click over the header or footer text. Double

click back in the main body text when you have finished.)
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B.1 Decision problem, description of the technology and

clinical care pathway

B.1.1 Decision problem

The submission covers the technology’s full marketing authorisation for this indication,
i.e. adult patients with other chronic fibrosing interstitial lung diseases (ILDs) with

progressive phenotype (PF-ILD).

Nintedanib (OFEV®) also has two other licensed indications; for the treatment of
systemic sclerosis associated interstitial lung disease (SSc-ILD) and idiopathic
pulmonary fibrosis (IPF). Nintedanib is already recommended by NICE for IPF
(TA379), (1) while no submission is planned for the SSc-ILD indication. However,
patients with SSc-ILD with the progressing fibrosing phenotype are included in the
INBUILD trial and are therefore included in the population considered in this

submission, in line with the marketing authorisation for nintedanib.

The decision problem addressed in this submission, as specified in the final NICE

scope, is presented in Table 1.
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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

without nintedanib including, but not
limited to:

e immunosuppressants (such as
azathioprine, cyclophosphamide,
mycophenolate; do not currently
have a marketing authorisation in
the UK for this indication)

e corticosteroids (do not have
currently have a marketing
authorisation in the UK for this
indication)

e infliximab (does not have currently
have a marketing authorisation in
the UK for this indication)

e rituximab (does not have currently
have a marketing authorisation in
the UK for this indication)

¢ best supportive care

Population Adults with progressive-fibrosing Adults with progressive-fibrosing N/A
interstitial lung disease (excluding interstitial lung disease (excluding
idiopathic pulmonary fibrosis) idiopathic pulmonary fibrosis)
Intervention Nintedanib Nintedanib N/A
Comparator(s) | Established clinical management Placebo At the trial design stage, there were no approved

therapies for the treatment of PF-ILD, other than
IPF. Currently, the only approved therapy is
nintedanib. When diagnosis of ILD is confirmed,
patients receive conventional treatment (such as
corticosteroids and immunomodulatory agents)
based on the specific type of ILD (see the proposed
algorithm in Figure 3, page 19). If the disease
continues to progress despite use of these
conventional treatments, a diagnosis of PF-ILD is
then confirmed through pulmonary function tests, as
well as radiological and clinical assessments. It is at
this stage, once PF-ILD has been confirmed, that
nintedanib should be considered as a treatment, as
it is the only licensed treatment available for PF-ILD.

A consensus of clinical experts have advised that,
whilst immunomodulatory agents may still be used
to treat the inflammatory component of the disease,
there are no randomised controlled trials to suggest
that these unlicensed treatments have a positive
impact on the chronic fibrotic progression of PF-ILD
(i.e. delaying disease progression).t

Patients were eligible to participate in the trial_if their
ILD had worsened despite treatment with
unapproved medications used in clinical practice to
treat ILD. To minimise a potential impact on the
efficacy and safety assessments, treatment for ILD
with unapproved anti-inflammatory or
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Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE scope

immunomodulatory medications was required to be
discontinued and a wash-out period was to be
observed before randomisation of the patient.

As there is currently no other targeted anti-fibrotic
therapy licensed for the treatment of chronic
fibrosing ILD with a progressive phenotype, the use
of placebo as a control group was considered
justified. However, initiation of concomitant
immunomodulatory treatment as medically indicated
was allowed for the management of worsening of
the disease after the first 6 months of the trial. Some
patients received the treatments specified as
comparators within the NICE scope, either for
treatment of PF-ILD or the underlying condition (see
full description on page 51-52). Baseline and
concomitant medication use are described in
Section B.2.2.

Outcomes

The outcome measures to be
considered include:

e lung function

¢ physical function

e exacerbation rate

e progression-free survival

e mortality

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

o Rate of decline in FVC at 52 weeks
(primary endpoint)

e Absolute change from baseline in total
score on K-BILD questionnaire at 52
weeks

o Time until acute exacerbation of ILD or
death at 52 weeks

e Death at 52 weeks

o Acute exacerbation of ILD or death up
to DBL2

e Death up to DBL2

o AEs, serious AEs and severe AEs

N/A

Abbreviations: AE, adverse event; DBL, database lock 1; FVC, forced vital capacity; ILD, interstitial lung disease; K-BILD, King's Brief Interstitial Lung Disease Questionnaire;

N/A, not applicable

T Please see page 84 for details of the Advisory Board held on 11" November 2020, as well as a list of the clinical experts consulted.
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B.1.2 Description of the technology being appraised

Nintedanib is a small molecule intracellular inhibitor of tyrosine kinases, including
platelet-derived growth factor receptor (PDGFR) a and B, fibroblast growth factor
receptor (FGFR) 1-3, and vascular endothelial growth factor receptor (VEGFR) 1-3.
Nintedanib thereby inhibits several steps in the initiation and progression of lung
fibrosis and the proliferation of vascular cells, irrespective of the cause of the

underlying lung disease.(2)

Nintedanib has been approved for the treatment of IPF,(3) based on the results of two
Phase Il trials (INPULSIS-1 and INPULSIS-2)(4) in patients with IPF. As PF-ILDs
appear to share pathobiological mechanisms that may represent a common fibrotic
response to tissue injury, regardless of the cause, they are potentially responsive to

treatment with the same agents.(5-9)

The subsequent Phase Il trial, INBUILD, (5, 10) investigated treatment with nintedanib
for adult patients with fibrosing interstitial lung diseases with a progressive phenotype,
in particular, those forms other than IPF. The efficacy, safety and health-related quality
of life (HRQoL) benefits of nintedanib were demonstrated in this broader patient
population, similar to its benefits in patients with IPF, over 52 weeks.(5) The results of
this study are the basis for the new Marketing Authorisation and provide the primary

supportive clinical evidence for the current appraisal of nintedanib in PF-ILD.
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Table 2: Technology being appraised

UK approved name and brand
name

Nintedanib (OFEV®)

Mechanism of action

Nintedanib is a multi-targeted tyrosine kinase inhibitor that
occupies the intracellular ATP-binding pocket of these
kinases and blocks the intracellular signalling cascades
which have been demonstrated to be involved in the
pathogenesis of fibrotic tissue remodelling in interstitial
lung disease.

Marketing authorisation/CE mark
status

Nintedanib was granted EMA marketing approval as

specified below:

o As VARGATEF®, for the treatment of non-small cell lung
cancer in November 2014

¢ As OFEV®, for the treatment of IPF in January 2015,
SSc-ILD in May 2020 and PF-ILD in July 2020

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

Nintedanib has four approved marketing authorisations:

o As VARGATEF®, it is indicated in combination with
docetaxel for the treatment of adult patients with locally
advanced, metastatic or locally recurrent non-small cell
lung cancer of adenocarcinoma tumour histology after
first-line chemotherapy

e As OFEV®, it is indicated in adults for the treatment of:

o ldiopathic pulmonary fibrosis (IPF)

0 Systemic sclerosis associated interstitial lung disease
(SSc-ILD)

o Other chronic fibrosing interstitial lung diseases with a
progressive phenotype (PF-ILD)

There are no restrictions in place under the current
marketing authorisations.

Method of administration and
dosage

Dosing regimen: The recommended dose is 150 mg
nintedanib orally twice daily, administered approximately
12 hours apart. The 100 mg twice daily dose is only
recommended to be used in patients who do not tolerate
the 150 mg twice daily dose.

In patients with mild hepatic impairment (Child Pugh A), the
recommended dose of nintedanib is 100 mg twice daily
approximately 12 hours apart.

Route of administration: Oral

Additional tests or investigations

None required

List price and average cost of a
course of treatment

List price: £2,150.10
Mean cost of treatment (with PAS): | lEGzG

Patient access scheme (if
applicable)

PAS price: | IEzIN

Abbreviations: ATP, adenosine triphosphate; EMA, European Medicines Agency; IPF, idiopathic pulmonary
fibrosis; SSC-ILD, systemic sclerosis associated interstitial lung disease
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B.1.3 Health condition and position of the technology in the

treatment pathway

Summary

¢ Interstitial lung diseases (ILDs) are characterised by inflammation and fibrosis of
the lung parenchyma.(11) A subset of patients with ILDs will continue to have
progressive-fibrosing ILD (PF-ILD), whereby fibrosis and worsening in lung

function become independent of the initial cause of disease.(12)

e The definition of PF-ILD used in the INBUILD trial (5) and supported by an expert
group of ILD physicians (13) is patients with features of fibrosing lung disease
who meet at least one of the following criteria for progression within the past 24
months, despite treatment with unlicensed medications used in clinical practice
to treat ILD:

o0 Decline in forced vital capacity (FVC) % predicted of 210%;

0 Decline in FVC % predicted of 25% to <10% with worsening of respiratory
symptoms or increasing extent of fibrotic changes on chest imaging;

o Worsening of respiratory symptoms as well as increasing extent of fibrotic

changes on chest imaging.

e Analysis of patients receiving placebo in the INBUILD trial has shown that
individuals with PF-ILD are likely to have a similar clinical disease course to that
of patients with idiopathic pulmonary fibrosis (IPF), a type of ILD in which all
patients have the progressive fibrosing phenotype, with a similar risk of death.(5,
14) Therefore, it is expected that patients with PF-ILD who do not receive anti-
fibrotic therapy would have a median post-diagnosis survival of 2 to 5 years,
similar to that of IPF patients. (15, 16)

¢ Nintedanib is the first licensed drug for adults with chronic fibrosing interstitial
lung diseases with a progressive phenotype (PF-ILD) other than IPF.
¢ Nintedanib represents a step-change in PF-ILD management, allowing patients

to receive the same anti-fibrotic treatment currently offered to patients with IPF.
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Interstitial lung disease (ILD) is a heterogeneous group of diseases characterised by
inflammation and fibrosis of the lung parenchyma,(11) including idiopathic interstitial
pneumonias, autoimmune ILDs, hypersensitivity pneumonitis (HP), sarcoidosis and
other ILDs.(11, 17) A subset of patients experience self-perpetuating fibrosis, which
results in worsening of symptoms with a progressive phenotype, known as
progressive-fibrosing ILD (PF-ILD).(12) PF-ILD is a phenotype in which patients
continue to progress despite conventional treatments directed at the underlying
disease. This phenotype is characterised by a gradual decline in lung function,
dyspnoea, worsening of physical performance and quality of life, as well as poor
response to immunomodulatory therapies and early mortality.(18) One specific
definition, as used in the INBUILD trial, is patients meeting at least one of the following
criteria within the past 24 months, despite treatment with unlicensed medications used

in clinical practice to treat ILD:(5)

¢ Decline in forced vital capacity (FVC) % predicted of 210%

e Decline in FVC % predicted of 25% to <10% with worsening of respiratory

symptoms or increasing extent of fibrotic changes on high-resolution chest imaging

¢ Worsening of respiratory symptoms as well as increasing extent of fibrotic changes

on HR-chest imaging.

As PF-ILD is a phenotype that has only recently been defined, data on its prevalence
and incidence are limited. A retrospective observational study assessing all new
referrals to nine tertiary ILD treatment centres in England identified 253 new PF-ILD
cases meeting INBUILD criteria over a period of 6 months (15t August 2017 to 31st
January 2018), which can be extrapolated to 506 patients over 1 year across these
centres.(19) Using the total population of England (56,286,961, 2019 estimate), this
corresponds to an incidence and prevalence rate of 0.001% (given we expect PF-ILD
patients to present very similarly to IPF where median duration of treatment is around
12 months). Applying this rate to the population of England and Wales gives an
estimated 876 patients with PF-ILD who would be eligible for nintedanib.

PF-ILD is associated with considerable clinical, humanistic and economic burden.(14,
20) Patients have poor prognosis, and are expected to have an annual mortality rate

similar to that of IPF at approximately 1.4 per 100,000 per year.(21) Patients incur high
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direct medical costs and healthcare resource use (HCRU) from emergency room
visits, hospital admissions and outpatient services,(22-26) as well as considerable
indirect costs, including reduced productivity due to work absenteeism.(27)
Furthermore, increases in healthcare expenditures have been linked with disease

progression.(23)

The antifibrotics nintedanib and pirfenidone have been established as treatment
options for IPF, but until the approval of nintedanib, there were no licensed therapies
available for the treatment of other forms of PF-ILD.(28) Patients may be offered
unlicensed medicines such as corticosteroids and/or immunosuppressive therapies;
however, their efficacy in patients with ILDs other than IPF is supported by limited
clinical trial evidence compared to that of nintedanib.(29) In addition, these treatments
are often associated with adverse events (AEs) leading to treatment
discontinuation.(29) Despite this, a global survey of pulmonologists, rheumatologists
and internists (including 41 from the UK) conducted on behalf of Boehringer Ingelheim
found that corticosteroids were the standard first-line treatment for non-IPF ILD (Figure
1).(30) Non-steroid immunosuppressants, such as azathioprine and mycophenolate
mofetil, were used more frequently as first-line treatments in SSc-ILD, RA-ILD and

other autoimmune ILDs.

Figure 1: Surveyed physician treatment lines for non-IPF ILD(30)
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Abbreviations: HP, hypersensitivity pneumonitis; 1P, idiopathic interstitial pneumonia; ILD, interstitial lung disease;
iNSIP, idiopathic nonspecific interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; IVIG, intravenous
immunoglobulin; RA, rheumatoid arthritis; SSc, systemic sclerosis; TNF, tumour necrosis factor.

As patients progress, oxygen therapy or pulmonary rehabilitation is usually required

and lung transplantation may be considered if appropriate.(31) Although not all
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patients will be suitable for lung transplant, this has a significant long-term health and
economic impact.(32-35) Overall, there remains a high unmet need for a licensed,
cost-effective therapy that can slow disease progression in patients with PF-ILD (other
than IPF).

Expected management pathway for patients with PF-ILD

If patients are diagnosed as having IPF, they can be referred to 25 designated tertiary
ILD centres in England, where they are offered one of the two licensed and reimbursed
antifibrotics, one of which is nintedanib. Patients with other forms of PF-ILD are also
referred to these centres, although until recently there were no licensed treatments for
diseases other than IPF.(2) Now that nintedanib is licensed for PF-ILD, this broader
patient population is expected to follow the same clinical pathway currently in place

for those diagnosed with IPF (Figure 2).

Figure 2. Intended pathway for the management of patients with PF-ILD
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Abbreviations: PF-ILD, progressive fibrosing interstitial lung disease; ILD, interstitial lung disease

There are currently no specific guidelines for interstitial lung diseases with a
progressive phenotype (PF-ILD) other than IPF. However, recent publications
recognise the use of antifibrotic therapy such as nintedanib as a treatment choice. (13,
36) The proposed diagnosis and management of PF-ILD other than IPF is presented
in Figure 3. When diagnosis of ILD is confirmed, patients receive conventional
treatment based on the specific type of ILD. If the disease continues to progress,

despite use of these conventional treatments, a diagnosis of PF-ILD is then confirmed

Company evidence submission for nintedanib in the treatment of PF-ILD

© Boehringer Ingelheim (2020). All rights reserved. Page 18 of 259



by carrying out pulmonary function tests as well as radiological & clinical
assessments). It is at this stage of the disease (PF-ILD) that nintedanib should be
considered as a treatment as it is the only licensed treatment available for PF-ILD.
(13, 36)

Figure 3: Proposed treatment pathway
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*Conventional treatments based on the specific interstitial lung disease, including, but not limited to corticosteroids,
mycophenolate mofetil, azathioprine, cyclophosphamide, methotrexate, rituximab. Adapted from: (13).
Abbreviations: ILD, interstitial lung disease

A consensus of clinical experts who manage patients with a confirmed diagnosis of
PF-ILD in tertiary ILD specialist centres across England advised that, whilst
immunomodulatory treatments may still be used to treat the inflammatory component
of the disease, there are no randomised placebo controlled trials to suggest that these
unlicensed treatments have a positive impact on the chronic fibrotic progression of PF-
ILD — i.e. delaying disease progression. For a list of the clinical experts consulted,

please see details of the Advisory Board held on 11" November 2020 (page 84).

B.1.4 Equality considerations

No equality issues are expected.
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B.2 Clinical effectiveness

Summary

A systematic literature review, updated in May 2020, identified a single RCT
evaluating nintedanib for patients with PF-ILD. The INBUILD trial was a phase Il
randomised, placebo-controlled, multi-centre phase Ill study comparing nintedanib

with placebo over a minimum of 52 weeks in 663 patients. (5)

The key clinical evidence from the INBUILD trial demonstrating the value of

nintedanib for the treatment of PF-ILD is summarised below.

¢ Nintedanib 150 mg twice daily significantly slowed the decline in FVC over 52
weeks in patients with PF-ILD vs. placebo (difference 107.0; 95% ClI: 65.4, 148.5;
p<0.001).(5)

o The slower relative decline in FVC was consistent in patients with usual
interstitial pneumonia (UIP)-like fibrotic pattern on HRCT (difference 128.2;
95% CI: 70.8, 185.6; p<0.001) and those with other fibrotic patterns
(difference 75.3; 95% CI: 15.5, 135.0; nominal p=0.0137).(5)

e The annual rate of decline in FVC in the placebo group in all populations in the
INBUILD trial was similar to that observed in the placebo groups in the INPULSIS
trials, supporting the hypothesis that patients with a progressive phenotype have

similar disease progression, regardless of the clinical diagnosis.(4, 5)

e The treatment effect of nintedanib vs. placebo was consistent across secondary
lung function endpoints and subgroup analyses, further supporting the primary

endpoint results.(5, 37)

e Over the whole trial period (up to database lock [DBL] 2), fewer patients treated
with nintedanib (n=46) experienced an acute exacerbation or death compared
with those in the placebo group (n=65; HR: 0.67; 95% CI: 0.46, 0.98).(37)

e Treatment with nintedanib resulted in a numerical improvement in health-related
quality of life (HRQoL) in the overall population and patients with UIP-like

patterns, as measured by the K-BILD questionnaire.(5)

e Safety results for nintedanib in patients with PF-ILD were consistent with those

seen in IPF patients previously. (4, 5) The most frequent adverse event (AE) was

diarrhoea, however all episodes were grade 3 or lower.(5, 37) Nausea, vomiting,
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abdominal pain, decreased appetite and weight loss were also more frequent in
the nintedanib group than the placebo group, although common AEs were mostly
mild or moderate in intensity. (5, 37)

e Safety results in patients with UIP-like fibrotic pattern, including AEs, serious AEs
and clinical laboratory values, were consistent with the safety profile in the overall
population.(37)

Consistent with nintedanib being the only licensed treatment for PF-ILD, it was not

possible to perform an indirect comparison with any other treatments. The SLR

identified five other studies in relevant patient populations but lack of connection or

comparability in patient populations prevented indirect comparison.

B.2.1 Identification and selection of relevant studies

See Appendix D for full details of the process and methods used to identify and select

the clinical evidence relevant to the technology being appraised.

B.2.2 List of relevant clinical effectiveness evidence

The phase Il INBUILD trial provided evidence for nintedanib in the treatment of

patients with PF-ILD. A summary of the methodology of this study is given in Table 3.

Table 3: Clinical effectiveness evidence — the INBUILD trial

Study INBUILD (Flaherty et al 2017(10); Flaherty et al 2019(5))

Study design Phase Ill, multicentre, prospective, randomised, double-blind,
placebo-controlled study

Population Patients with PF-ILD

Intervention(s) Nintedanib

Comparator(s) Placebo

Indicate if trial supports Yes v Indicate if trial used in the Yes v

application for marketing economic model

authorisation No No

Rationale for use/non-use | INBUILD is the pivotal trial for nintedanib in PF-ILD
in the model

Reported outcomes Rate of decline in FVC at 52 weeks (primary endpoint); absolute
specified in the decision change from baseline in total K-BILD questionnaire at 52 weeks;
problem acute exacerbation of ILD or death at 52 weeks; death at 52

weeks; acute exacerbation of ILD or death up to DBL2; death up to
DBL2; AEs, serious AEs and severe AEs

All other reported Not applicable
outcomes

Abbreviations: AE, adverse event; DBL1, database lock 1; FVC, forced vital capacity; ILD, interstitial lung disease;
K-BILD, King’s Brief Interstitial Lung Disease Questionnaire; PF-ILD, progressive fibrosing interstitial lung disease
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B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

The INBUILD trial was a phase lll, multicentre, randomised, double-blind, placebo-
controlled trial evaluating the efficacy and safety of nintedanib in patients with
progressive-fibrosing lung disease over a minimum of 52 weeks.(10) Eligible patients
were randomised in a 1:1 ratio to either oral nintedanib 150 mg twice daily or matching
placebo. The initial period of the study (part A) was followed by a variable treatment
period (part B) (see Figure 4). In part B, patients continued on blinded, randomised
assigned treatment (nintedanib or placebo) until the end of the trial or until a reason
for treatment withdrawal was met. The blinded trial period ended once the last
randomised patient reached the week 52 visit and the benéefit-risk profile of nintedanib
over this time had been assessed. If the benefit-risk assessment were deemed
positive, all patients were to have the option of receiving open-label nintedanib in an
extension study known as INBUILD-ON. Database lock 1 (DBL1) occurred on 3™ June
2019 with 565 patients ongoing in the trial while database lock 2 (DBL2) was on 11t
September 2019 with all patients completing the trial.

Figure 4: Design of the INBUILD trial
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1Visits occurred every 16 weeks until end of treatment. fAfter last subject had completed week 52 visit. §After all
patients had completed follow-up visit or entered open-label extension study.
Abbreviations: EOT, end of trial; R, randomisation

The study was conducted in specialised ILD referral centres in 15 countries, including
5 sites in the UK, from which 22 patients were recruited. Other countries included in
the study were Argentina, Belgium, Canada, Chile, China, France, Germany, Italy,

Japan, Korea, Poland, Russia, Spain and the US.
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An enrichment design was planned, with stratification of the trial population so that two
thirds of the patients had a usual interstitial pneumonia (UIP)-like pattern on high-
resolution CT (HRCT) and one third had other fibrotic patterns. The protocol-defined
HRCT criteria were based on those used in the INPULSIS studies, the phase Il trials
for nintedanib in IPF (see Table 4).(4) However, stratification caps were not
implemented, since recruitment led to a ratio close to 2:1 without the need for active

management.

Table 4: HRCT criteria for UIP-like fibrotic patterns in patients who meet the protocol
criteria defined for PF-ILD'

Category | Description (patients meeting either criteria A, B and C, criteria A and C, or
criteria B and C are considered to have UIP-like fibrotic patterns)

A Definite honeycomb lung destruction with basal and peripheral predominance.

B Presence of reticular abnormality and traction bronchiectasis consistent with fibrosis
with basal and peripheral predominance.

C Atypical features are absent, specifically nodules and consolidation.
Ground glass opacity, if present, is less extensive than reticular opacity pattern.

Abbreviations: HRCT, high-resolution computed tomography; PF-ILD, Progressive Fibrosing Interstitial Lung
Disease; UIP, usual interstitial pneumonia.

1 Patients with fibrosing interstitial lung disease who meet diagnostic criteria for idiopathic pulmonary fibrosis,
according to the American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin
American Thoracic Association 2011 guidelines were excluded.

Patients aged >18 years were eligible if they had a physician-diagnosed fibrosing ILD
(such as connective tissue disease (CTD)-associated ILD, rheumatoid arthritis-
associated ILD, systemic sclerosis — associated ILD , chronic fibrosing hypersensitivity
pneumonitis (HP), idiopathic non-specific interstitial pneumonia (iINSIP), unclassifiable
idiopathic interstitial pneumonia (IIP), environmental/occupational lung disease,
sarcoidosis and other ILDs) present with features of diffuse fibrosing lung disease of
=10% extent on HRCT, and met the protocol criteria for progression within 24 months
of screening as assessed by the investigator. The criteria for evidence of disease
progression are given in Table 5, in addition to the full list of inclusion and exclusion

criteria.

Table 5: Inclusion and exclusion criteria in the INBUILD trial

Inclusion criteria Exclusion criteria

o Written informed consent consistent with ICH- | ¢ AST, ALT >1.5 x ULN at Visit 1
GCP and local laws signed prior to entry in the | e Bilirubin >1.5 x ULN at Visit 1

study population e CrCl <30 mL/min calculated by the Cockcroft-
e Aged 218 years at Visit 1 Gault formula at Visit 1
¢ Physician-diagnosed ILD with at least one of ¢ Patients with underlying chronic liver disease
the following criteria for PF-ILD within 24 (Child Pugh A, B or C hepatic impairment
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Inclusion criteria

Exclusion criteria

months of screening despite treatment with
unlicensed medications used in clinical
practice to treat ILD, as assessed by the
investigator:

o Clinically significant decline in FVC %
predicted based on a relative decline of
210%

0 Marginal decline in FVC % predicted based
on a relative decline of 25 —<10% combined
with worsening respiratory symptoms

o0 Marginal decline in FVC% predicted based
on a relative decline of 25 — <10%
combined with increasing extent of fibrotic
changes on chest imaging

0 Worsening of respiratory symptoms as well
as increasing extent of fibrotic changes on
chest imaging?

¢ Fibrosing lung disease on HRCT, defined as
reticular abnormality with traction
bronchiectasis with or without honeycombing,
with disease extent of >10%, performed within

12 months of Visit 1 as confirmed by central

readers

¢ For those with underlying connective tissue
disease (CTD), stable CTD as defined by no
initiation of new therapy or withdrawal of

therapy for CTD within 6 weeks prior to Visit 1

e Carbon monoxide diffusing capacity (DLco)
corrected for Hb 230% predicted of normal at

Visit 1 and <80% predicted of normal at Visit 2

e FVC 245% predicted at Visit 2 (randomisation)

¢ Previous treatment with nintedanib or
pirfenidone

¢ Other investigational therapy received within 1
month or 6 half-lives (whichever was greater)
prior to Visit 1

¢ Use of any of the following medications for the
treatment of ILD: AZA, cyclosporin,
mycophenolate mofetil, tacrolimus, OCS >20
mg/day and the combination of
OCS+AZA+NAC within 4 weeks of Visit 2,
cyclophosphamide within 8 weeks of Visit 2,
rituximab within 6 months of Visit 28

¢ Diagnosis of IPF based on
ATS/ERS/JRS/ALAT 2011 guidelines

e Significant PAH defined by any of the
following:

0 Previous clinical or echocardiographic
evidence of significant right heart failure

0 History of right heart catheterisation
showing a cardiac index 22 I/min/m2

o0 PAH requiring parenteral therapy with
epoprostenol/treprostinil

0 Primary obstructive airway physiology (pre-
bronchodilator FEV1/FVC <0.7 at Visit 1)

o In the opinion of the Investigator, other
clinically significant pulmonary
abnormalities

¢ Major extrapulmonary physiological restriction
(e.g. chest wall abnormality, large pleural
effusion)

e CVD, any of the following:

0 Severe hypertension, uncontrolled under
treatment (2160/100 mmHg), within 6
months of Visit 1

o0 Ml within 6 months of Visit 1

0 Unstable cardiac angina within 6 months of
Visit 1

¢ Bleeding risk, any of the following:

o0 Known genetic predisposition to bleeding

o0 Patients who require: fibrinolysis, full-dose
anticoagulation (e.g. vitamin K antagonists,
direct thrombin inhibitors, heparin, hirudin);
high-dose antiplatelet therapy

o History of haemorrhagic CNS event within
12 months of Visit 1

0 Any of the following within 3 months of Visit
1: haemoptysis or haematuria; active Gl
bleeding or Gl ulcers; major injury or
surgery (Investigator’'s judgement)

0 Coagulation parameters: INR >2,
prolongation of PT and aPTT by 1.5 x ULN
at Visit 1

¢ History of thrombotic event (including stroke
and transient ischaemic attack) within 12
months of Visit 1
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Inclusion criteria Exclusion criteria

¢ Known hypersensitivity to the trial medication
or its components

e Peanut allergy

¢ Other disease that may interfere with testing
procedures or in the judgement of the
Investigator may interfere with trial
participation or may put the patient at risk
when participating in the trial

¢ Life expectancy for disease other than ILD
<2.5 years (Investigator assessment)

¢ Planned major surgical procedures

e Women who are pregnant, nursing, or who
plan to become pregnant while in the trial

e Women of childbearing potential not willing or
able to use highly effective methods of birth
control that result in a low failure rate of less
than 1% per year when used consistently and
correctly as well as one barrier method for 28
days prior to and 3 months after nintedanib
administration

¢ In the opinion of the Investigator, active
alcohol or substance abuse

¢ Not able to understand or follow trial
procedures including completion of self-
administered questionnaires without help

Abbreviations: ALAT, Latin American Thoracic Association; ALT, alanine aminotransferase; aPTT, activate partial
thromboplastin time; AST, aspartate aminotransferase; ATS, American Thoracic Society; AZA, azathioprine; CNS,
central nervous system; CrCl, creatinine clearance; CTD, Connective Tissue Disease; CVD, cardiovascular
diseases; DLco, diffusing capacity of the lung for carbon monoxide; ERS, European Respiratory Society; FEV1,
forced expiratory volume in one second; FVC, forced vital capacity; Gl, gastrointestinal; HRCT, high-resolution
computed tomography; ICH-GCP, International Conference on Harmonisation Harmonised Tripartite Guideline for
Good Clinical Practice; ILD, interstitial lung disease; INR, international normalised ratio; IPF, idiopathic pulmonary
fibrosis; JRS, Japanese Respiratory Society; MI, myocardial infarction; NAC, n-acetylcysteine; OCS, oral
corticosteroids; PAH, pulmonary arterial hypertension; PF-ILD, Progressive Fibrosing Interstitial Lung Disease; PT,
prothrombin time; ULN, upper limit of normal.

1 Changes attributable to comorbidities (e.g. infection, heart failure) must be excluded. Unapproved medications
used in clinical practice to treat ILD include, but are not limited to, corticosteroid, azathioprine, mycophenolate
mofetil, n-acetylcysteine, rituximab, cyclophosphamide, cyclosporin, tacrolimus.

I Laboratory parameters from Visit 1 have to satisfy the laboratory threshold values as shown above. Visit 2
laboratory results will be available only after randomisation. If results no longer satisfy the entry criteria at Visit 2,
the decision of whether the patient remained on the study drug was at the discretion of the Investigator.
Documentation was required for this decision. Laboratory parameters that were found to be abnormal at Visit 1
were allowed to be re-tested (once), if it was thought to be a measurement error (i.e. there was no abnormal result
of this test in the recent history of the patient and there were no related clinical signs) or the result of a temporary
and reversible medical condition, once that condition is resolved.

§ Patients whose rheumatoid arthritis (RA)/CTD is managed by these medications were not considered for
participation in the study unless change in RA/CTD medication is medically indicated (see inclusion criteria).

Restricted and disallowed concomitant medications

Due to the lack of availability of specific targeted therapies, immunomodulatory
treatments  (including  azathioprine,  cyclosporin,  tacrolimus, rituximab,
cyclophosphamide, mycophenolate mofetil and oral corticosteroids) have routinely

been used in clinical practice for the treatment of ILD. However, their benefit-risk

Company evidence submission for nintedanib in the treatment of PF-ILD

© Boehringer Ingelheim (2020). All rights reserved. Page 25 of 259



profiles in PF-ILD have not been established and they are not licensed for the
treatment of PF-ILD. In order to avoid the potential impact of these drugs on the
assessment of nintedanib in PF-ILD, their use was not allowed at randomisation and
during the first 6 months of the treatment period. Patients who had taken these drugs
could only participate in the trial if a wash-out period was observed before
randomisation (Table 6). As the clinical trial protocol required that eligible patients
progressed despite treatment with these medications, this prohibition was considered
justified. In cases of worsening ILD and/or a CTD, the use of any of these drugs were
allowed after 6 months study treatment as assessed by the treating clinician. Patients
treated with a combination of oral corticosteroids + azathioprine + N-acetylcysteine
within 4 weeks of randomisation were excluded, as were those receiving pirfenidone,
full-dose therapeutic anticoagulation or high-dose antiplatelet therapy (e.g. aspirin

>325 mg/day, clopidogrel >75 mg/day or equivalent doses of other therapy).

Table 6: Wash-out schedule for medications that were not permitted at baseline

Medication used to treat ILD Wash-out period
Azathioprine 4 weeks before randomisation
Cyclosporin

Tacrolimus

Mycophenolate mofetil
Oral corticosteroids >20 mg/day

Rituximab 6 months before to randomisation
Cyclophosphamide 8 weeks before randomisation
Investigational drugs 4 weeks or 6 half-lives (whichever is longer)

before randomisation

Abbreviations: ILD, interstitial lung disease

Treatment of underlying diseases associated with ILD

Investigators were encouraged to maintain the baseline treatment of CTD, including
rheumatoid arthritis (RA), throughout the trial unless change was medically indicated.
All RA/CTD medications were allowed at stable doses at baseline (visit 2) and during
the trial with the exception of the following, less frequently used medications which
were not allowed: azathioprine, cyclosporin, tacrolimus, high dose steroids, rituximab.
In addition, cyclophosphamide and mycophenolate mofetil were not allowed for the
off-label treatment of RA/CTD throughout the trial.
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Initiation of these medications in addition to study medication was permitted after 6
months of trial treatment if deemed clinically necessary in the event of severe

deterioration of CTD or ILD, as summarised in Table 7.

Table 7: Medication restrictions

For ILD For CTD
Baseline Not allowed at Visit 2' Not allowed
Within first 6 months of trial treatment Not allowed Not allowed
After 6 months of trial treatment Allowed in case of Allowed in case of
significant deterioration? significant deterioration
After end of treatment Allowed Allowed

"Wash-out periods to be observed as described in Table 6.

2All could be used in case of clinically significant deterioration of PF-ILD or worsening CTD at the discretion of the
investigator, except for investigational drugs. Introduction of new therapy for CTD was to be minimised.

CTD, connective tissue disease; ILD, interstitial lung disease

Restricted medications: azathioprine, cyclosporin, tacrolimus, rituximab, cyclophosphamide, mycophenolate
mofetil, or oral corticosteroids (>20 mg per day), investigational drugs.

Study endpoints

A list of the study endpoints is given in Table 8. The primary endpoint was annual rate

of decline in forced vital capacity (FVC; mL/year) over 52 weeks.

Table 8: Study endpoints in the INBUILD trial

Endpoint ‘ Description

Efficacy

Primary endpoint | Annual rate of decline in FVC as assessed over 52 weeks

Main secondary Change from baseline K-BILD questionnaire total score at week 52 (HRQoL)
endpoints’ Time until first acute ILD exacerbation or death over 52 weeks
Time until death over 52 weeks

Other secondary | Time to death due to respiratory cause over 52 weeks
endpoints Time to progression (210% absolute decline in FVC % predicted) or death
over 52 weeks

Proportion of patients with a relative decline in FVC % predicted of >10% vs.
baseline at week 52

Proportion of patients with a relative decline in FVC % predicted of >5% vs.
baseline at week 52

Change from baseline L-PF symptoms, dyspnoea domain score at week 52
Change from baseline L-PF symptoms, cough domain score at week 52
Other model- Patient reported EQ-5D data collected to determine HSUV

relevant
endpoints

Safety
Safety endpoints | AEs over 52 weekst

Physical examination over 52 weekst
Vital signs over 52 weekst
Bodyweight over 52 weekst
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Abbreviations: AE, adverse event; FVC, forced vital capacity; HRQoL, health-related quality of life; HSUV, health
state utility values; ILD, interstitial lung disease; K-BILD, King’s Brief Interstitial Lung Disease Questionnaire; L-PF,

living with pulmonary fibrosis.

1 Main secondary endpoints were not powered to show statistical significance
I 52 weeks refers to the primary safety assessment. Selected safety analyses will be repeated to include data
collected beyond 52 weeks (part B of the study).

Please see Table 9 for a summary of the trial methodology.

Table 9: Summary of trial methodology

Trial acronym

INBUILD

Location 15 countries, including Argentina, Belgium, Canada, Chile, China, France,
Germany, ltaly, Japan, Korea, Poland, Russia, Spain, UK and US.
Trial design Phase lll, multicentre, prospective, randomised, double-blind, placebo-

controlled study.

Eligibility criteria for
participants

Inclusion criteria

o Written informed consent

o Age 218 years

¢ Physician-diagnosed ILD with 21 of the following criteria for PF-ILD
within 24 months of screening despite treatment with unlicensed
medications used to treat ILD in clinical practice:

o Clinically significant decline in FVC %pred (relative decline of 210%)

o Marginal decline in FVVC %pred (relative decline of 25 — <10%)
combined with worsening respiratory symptoms

0 Marginal decline in FVC %pred (relative decline of 25 — 10%)
combined with increasing extent of fibrotic changes on chest imaging

o0 Worsening of respiratory symptoms as well as increasing extent of
fibrotic changes on chest imaging?

¢ Fibrosing lung disease on HRCT (within 12 months of screening and
confirmed by central readers), defined as reticular abnormality with
traction bronchiectasis with or without honeycombing, with disease
extent of >10%

o For those with underlying CTD: stable CTD (defined as no initiation of
new CTD therapy or withdrawal of CTD therapy within 6 weeks before
screening)

¢ DLco corrected for haemoglobin 230% and <80% of predicted normal at
randomisation

o FVC >45% predicted at randomisation

Exclusion criteria

e AST, ALT >1.5 x ULN at screening

e Bilirubin >1.5 x ULN at screening

e CrCl <30 mL/min

e Chronic liver disease (Child Pugh A, B or C hepatic impairment)

¢ Previous treatment with nintedanib or pirfenidone

o Other investigational therapy received within 1 month or 6 half-lives
(whichever is greater) before screening

¢ Use of any of the following medications to treat ILD: AZA, cyclosporin,
mycophenolate mofetil, tacrolimus, OCS >20 mg/day or the
combination of OCS+AZA+NAC (within 4 weeks of randomisation);
cyclophosphamide (within 8 weeks of randomisation); or rituximab
(within 6 months of randomisation)

¢ Diagnosis of IPF based on ATS/ERS/JRS/ALAT 2011 guidelines

¢ Significant PAH defined by any of the following:
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Trial acronym

INBUILD

o Previous clinical or echocardiographic evidence of significant right
heart failure

0 History of right heart catheterization showing a cardiac index <2
I/min/m2

o0 Requirement for parenteral therapy with epoprostenol/treprostinil

¢ Primary obstructive airway physiology (pre-bronchodilator FEV1/FVC
<0.7 at screening)

o Other clinically significant pulmonary abnormalities (in the opinion of the
investigator)

¢ Major extra-pulmonary physiological restriction (e.g. chest wall
abnormality, large pleural effusion)

¢ Any of the following CV diseases within 6 months of screening:

o0 Severe hypertension, uncontrolled by treatment (> 160/100 mmHg)
o0 Myocardial infarction
o Unstable cardiac angina

¢ Bleeding risk as a result of any of the following:

o Known genetic predisposition to bleeding

o0 Patients requiring fibrinolysis, full-dose therapeutic anticoagulation
(e.g. vitamin K antagonists, direct thrombin inhibitors, heparin,
hirudin) or high-dose antiplatelet therapy

0 History of haemorrhagic CNS event within 12 months of screening

o0 Haemoptysis or haematuria, active Gl bleeding or ulcers, major
surgery or injury (in the opinion of the investigator) within 3 months of
screening

o0 INR >2, prolongation of prothrombin time and aPTT >1.5 x ULN at
screening

¢ History of a thrombotic event (including stroke and transient ischaemic
attack) within 12 months of screening

¢ Known hypersensitivity to the trial medication or its components

e Peanut allergy

¢ Other disease that may interfere with the testing procedures or (in the
opinion of the investigator) with trial participation or may put the patient
at risk when participating in the trial

¢ Life expectancy for disease other than ILD <2.5 years (investigator’'s
assessment)

¢ Planned major surgical procedures

¢ Women who are pregnant, nursing or who plan to become pregnant
during the trial

e Women of childbearing potential not willing or able to use highly
effective methods of birth control that result in a low failure rate of less
than 1% per year (when used consistently and correctly) and one
barrier method for 28 days before and 3 months after nintedanib
administration

¢ Active alcohol or drug abuse (in the opinion of the investigator)

¢ Patients not able to understand or follow trial procedures (including
completion of self-administered questionnaires) without help

Settings and locations
where the data were
collected

Specialist referral centres experienced in the management of ILD

Trial drugs (the
interventions for each
group with sufficient
details to allow
replication, including

Intervention: oral nintedanib 150 mg bid (n=332)
Comparator: matched placebo (n=331)

Restricted medication?*: azathioprine, cyclosporin, tacrolimus, rituximab,
cyclophosphamide, mycophenolate mofetil, oral corticosteroids.
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Trial acronym INBUILD

how and when they Permitted concomitant medication: Approved RA/CTD medications at
were administered) stable doses with the exception of restricted and disallowed medications.
Intervention(s) (n=[x])
and comparator(s)

Disallowed concomitant medication: pirfenidone, full dose therapeutic
anticoagulation or high dose antiplatelet therapy (e.g. acetyl salicylic acid

(n=[x]) >325 mg/day, clopidogrel >75 mg/day, equivalent doses of other
Permitted and antiplatelet therapy); cyclophosphamide, mycophenolate mofetil for the
disallowed treatment of RA/CTD.

concomitant

medication

Primary outcomes Primary endpoint: annual rate of decline in FVC (mL/year) over 52
(including scoring weeks in two co-primary populations (overall population and patients with
methods and timings UIP-like pattern on HRCT).

of assessments)

Main secondary endpoints: change from baseline K-BILD total score at
week 52; time to first acute ILD exacerbation or death over 52 weeks;
time to death over 52 weeks.

Other outcomes used | Acute exacerbation of ILD or death up to DBL2

in the economic
model/specified in the Death up to DBL2

scope AEs, serious AEs and severe AEs
Pre-planned Overall population: gender, age group, race, baseline FVC % predicted,
subgroups underlying clinical ILD diagnosis

Patients with UIP-like fibrotic patterns: gender, age group, race

Abbreviations: AE, adverse event; ALAT, Latin American Thoracic Association; ALT, alanine aminotransferase;
aPTT, activate partial thromboplastin time; AST, aspartate aminotransferase; ATS, American Thoracic Society;
AZA, azathioprine; bid, twice daily; CNS, central nervous system; CrCl, creatinine clearance; CTD, Connective
Tissue Disease; CV, cardiovascular; DBL1, database lock 1; DLco, diffusing capacity of the lung for carbon
monoxide; ERS, European Respiratory Society; FEV1, forced expiratory volume in one second; FVC, forced vital
capacity; FVC %pred, forced vital capacity % predicted; Gl, gastrointestinal; HRCT, high-resolution computed
tomography; ILD, interstitial lung disease; INR, international normalized ratio; IPF, idiopathic pulmonary fibrosis;
JRS, Japanese Respiratory Society; K-BILD, King's Brief Interstitial Lung Disease Questionnaire; NAC, n-
acetylecysteine; OCS, oral corticosteroids; PAH, pulmonary arterial hypertension; PF-ILD, Progressive Fibrosing
Interstitial Lung Disease; RA, rheumatoid arthritis; ULN, upper limit of normal.

1 Changes attributable to comorbidities (e.g. infection, heart failure) were excluded. Unapproved medications used
to treat ILD in clinical practice include, but are not limited to, corticosteroids, azathioprine, mycophenolate mofetil,
n-acetylcysteine, rituximab, cyclophosphamide, cyclosporin and tacrolimus.

I Use of restricted medications was not allowed at randomization and during the first 6 months of the
treatment period.

Study population and baseline characteristics

A summary of patient demographics and baseline characteristics are presented in
Table 10. Overall, 663 patients were treated in a 1:1 ratio between the nintedanib
group and placebo group. Patient demographics were similar in both groups and

efficacy variables were balanced across the groups at baseline.(5)

Treatment discontinuation over 52 weeks was greater in the nintedanib group (24.1%)
than the placebo group (14.8%), with AEs accounting for the majority of

discontinuations. Most patients in the nintedanib and placebo groups remained in the
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trial until week 52 (94.6% and 94.0%, respectively). 69.6% of patients in the nintedanib

group and 74.0% of the placebo group continued follow-up for the entire trial period.(5)

Table 10: Baseline characteristics in the INBUILD trial

Nintedanib Placebo
(n=332) (n=331)

Male — no. (%) 179 (53.9) 177 (53.5)
Age —yr 65.2+9.7 66.3+9.8
Former or current smoker — no. (%) 169 (50.9) 169 (51.1)
UIP-like fibrotic pattern on HRCT — no. (%) 206 (62.0) 206 (62.2)
Criteria for disease progression in 24 months before screening (grouped) — no. (%)
Relative decline in FVC 210% predicted 160 (48.2) 172 (52.0)
Relative decline in FVC 25-<10% predicted combined
with worsening of respiratory symptoms and/or 110 (33.1) 97 (29.3)
increased extent of fibrosis on HRCT
\é\f/?irbsreor;iesd Orre]sl_rl)g?:t_(ln_rgnslzmptoms and increased extent 62 (18.7) 61 (18.4)
FVC
Mean value — mL 2,340+740 2,321£728
% of predicted value 68.7£16.0 69.3£15.2
DLco, mmol/min/kpat 3.5+1.2 3.7+1.3
DLco, % of predicted valuet 44.4+11.9 47.9+15.0
K-BILD questionnaire total scoret 52.5£11.0 52.319.8

Abbreviations: DLco, diffusion capacity of the lungs for carbon monoxide; FVC, forced vital capacity; HRCT, high-
resolution computed tomography; K-BILD, King’s Brief Interstitial Lung Disease; UIP, usual interstitial pneumonia.
* Plus—minus values are means + SD. T The DLco value was corrected for the haemoglobin level. ¥ K-BILD
questionnaire total score ranges from 0-100, with higher scores representing better health status.

Sources: Flaherty 2019 (5)

Baseline and concomitant medications

Baseline medication use was well balanced between treatment groups (Table 11).

Table 11: Baseline restricted therapies

Nintedanib Placebo
(n=332) (n=331)
Patiepts taking =1 restricted therapy at 57 (17.2) 59 (17.8)
baseline
Biologic disease-modifying antirheumatic 14 (42) 17 (5.1)
drugs
Denosumab 3 (0.9) 8 (2.4)
Abatacept 3(0.9) 3(0.9)
Etanercept 3(0.9) 1(0.3)
Tocilizumab 2 (0.6) 2 (0.6)
Adalimumab 2 (0.6) 1(0.3)
Infliximab 0 (0.0) 2 (0.6)
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Nintedanib Placebo

(n=332) (n=331)
Rituximab 1(0.3) 0 (0.0)
Ascorbic acid; collagen 0 (0.0) 1(0.3)
Othert 0 (0.0) 1(0.3)
Glucocorticoids? 3(0.9) 5(1.5)
Meprednisone 1(0.3) 2 (0.6)
Prednisone 2 (0.6) 2 (0.6)
Prednisolone 0 (0.0) 1(0.3)
Immunomodulatory medications for ILD 3(0.9) 4 (1.2)
Mycophenolate mofetil 2 (0.6) 1(0.3)
Ciclosporin 0 (0.0) 2 (0.6)
Rituximab 1(0.3) 0 (0.0)
Tacrolimus 0(0.0) 1(0.3)

Nor_1—bio|ogi<? disease-modifying 35 (10.5) 42 (12.7)

antirheumatic drugs

Hydroxychloroquine 13 (3.9) 9 (2.7)
Leflunomide 10 (3.0) 8 (2.4)

Methotrexate 5(1.5) 10 (3.0)
Sulfasalazine 5(1.5) 5(1.5)
Hydroxychloroquine sulfate 5(1.5) 3(0.9)
Methotrexate sodium 1(0.3) 3(0.9)
Mycophenolate mofetil 2 (0.6) 1(0.3)
Ciclosporin 0(0.0) 2 (0.6)
Doxycycline 0 (0.0) 2 (0.6)
Chloroquine phosphate 0 (0.0) 2 (0.6)
Penicillamine 0 (0.0) 2 (0.6)
Bucillamine 0(0.0) 1(0.3)
Iguratimod 0 (0.0) 1(0.3)
Tacrolimus 0 (0.0) 1(0.3)
Minocycline hydrochloride 1(0.3) (0.0)

Data are n (%) of patients. Medications based on customised drug grouping category. TAscorbic acid; boswellia
serrata resin; chondroitin sulfate; collagen; glucosamine hydrochloride; hyaluronic acid; manganese sulfate;
methylsulfonylmethane; sodium; sodium borate. 1EOnIy included in customized drug grouping if high dose and route
of administration was oral, intravenous, or intramuscular.

During the course of the trial (over 52 weeks) 70 patients (21.1% in the placebo arm
and 36 patients (10.8%) in the nintedanib arm received at least one restricted therapy
(Table 12). Important protocol deviations, defined as initiation of treatment with
azathioprine, cyclosporin, tacrolimus, rituximab, cyclophosphamide, mycophenolate
mofetil, or oral corticosteroids (>20 mg per day) for the treatment of ILD or CTD within
the first 6 months of study treatment were reported for 19 patients (5.7%) in the

placebo group and 7 patients (2.1%) in the nintedanib group.
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Table 12: Restricted therapies initiated between first and last trial drug intake over 52
weeks

Nintedanib Placebo

(n=332) (n=331)

Patients with 21 restricted therapy over 52 weeks 36 (10.8) 70 (21.1)
Siologic disease-modifying antirheumatic 2(0.6) 2 (0.6)

rugs

Rituximab 2 (0.6) 2 (0.6)

Glucocorticoids* 33 (9.9) 57 (17.2)

Prednisone 20 (6.0) 27 (8.2)

Prednisolone 8(2.4) 15 (4.5)

Methylprednisolone sodium succinate 5(1.5) 14 (4.2)
Methylprednisolone 4 (1.2) 9 (2.7)
Hydrocortisone 1(0.3) 2 (0.6)
Meprednisone 1(0.3) 1(0.3)
Steroids 2 (0.6) 0 (0.0)
Betamethasone sodium phosphate 1(0.3) 0(0.0)
Deflazacort 1(0.3) 0 (0.0)
Dexamethasone 0 (0.0) 1(0.3)
Dexamethasone sodium phosphate 0 (0.0) 1(0.3)

Immunomodulatory medications for ILD 9 (2.7) 21 (6.3)
Mycophenolate Mofetil 3 (0.9) 7(2.1)
Azathioprine 1(0.3) 5(1.5)
Tacrolimus 3 (0.9) 3 (0.9)
Ciclosporin 0(0.0) 4(1.2)
Rituximab 2 (0.6) 2 (0.6)
Cyclophosphamide 0(0.0) 2 (0.6)

Non-biologic disease-modifying

antirheumatic drugs 7(21) 196.7)
Mycophenolate mofetil 3(0.9) 7(2.1)
Tacrolimus 3(0.9) 3(0.9)
Azathioprine 1(0.3) 5 (1.5)
Ciclosporin 0 (0.0) 4 (1.2)
Cyclophosphamide 0(0.0) 2 (0.6)

Data are n (%) of patients. Medications based on customized drug grouping category. *Only included in customized
drug grouping if high dose and route of administration was oral, intravenous, or intramuscular.

B.2.4 Statistical analysis and definition of study groups in the

relevant clinical effectiveness evidence

The analysis considered two co-primary analysis populations, the overall population
(including all patients) and all patients with HRCT with UIP-like fibrotic pattern only
(see Table 4 for the definition of this group). The sample size was calculated to provide
adequate power to detect a clinically meaningful treatment difference in either of the
co-primary populations, based on several scenarios (see Table 13). No key secondary
endpoints were planned but the main secondary endpoints were chosen to provide the

most relevant supportive evidence to the primary endpoint assessment. The trial was
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not powered to demonstrate a statistically significant reduction in mortality over 52

weeks (one of the main secondary endpoints).

Sample size was calculated assuming annual rates of decline in FVC of 150-200
mL/year for patients with UIP-like fibrotic pattern and 120-150 mL/year for patients
with other HRCT fibrotic patterns. An approximate 50% reduction in the annual rate of
decline in FVC was expected in patients treated with nintedanib, based on data from
IPF patients in the IMPULSIS trial. The treatment effect was therefore expected to be
in the range of 75-100 mL/year for PF-ILD patients with UIP-like HRCT pattern and
60—75 mL/year in PF-ILD patients with other HRCT fibrotic patterns. For patients with
other HRCT fibrotic patterns, the variability was assumed to be larger than in IPF, with
a standard deviation (SD) of 400 mL/year. For patients with UIP-like HRCT pattern, a
more homogeneous group, the variability was assumed to be the same as observed
in IPF with a SD of 300 mL/year. Therefore, the proposed sample size of 300 patients
randomised per treatment group (600 patients in total, including 400 patients with UIP-
like HRCT pattern) was expected to provide adequate power to demonstrate a
clinically important treatment benefit on the primary endpoint. This was also expected
in scenarios where the annual rate of decline in both co-primary patient populations

was lower than observed in the phase lll trials for IPF patients.

Table 13: Power properties for varying treatment differences in the two co-primary
populations

Patients with HRCT Patients with Overall patient
with UIP-like pattern | other HRCT population (co-
only (co-primary) fibrotic patterns primary)
Scenario 1
Assumed treatment 100 (300) 75 (400) 92 (337)
difference in absolute change
in FVC in mL/year (SD)
Individual test power 90.2% - 90.3%
Overall powert 92.6%
Scenario 2
Assumed treatment 75 (300) 60 (400) 70 (337)
difference in absolute change
in FVC in mL/year (SD)
Individual test power 67.2% - 68.2%
Overall powert 72.4%
Scenario 3
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Patients with HRCT Patients with Overall patient
with UIP-like pattern | other HRCT population (co-
only (co-primary) fibrotic patterns primary)
Assumed treatment 75 (300) 75 (400) 75 (337)
difference in absolute change
in FVC in mL/year (SD)
Individual test power 68.2% 73.4%
Overall powert 75.8%

Abbreviations: FVC, forced vital capacity; HRCT, high-resolution computed tomography; SD, standard deviation;
UIP, usual interstitial pneumonia.
T Equals the probability of concluding statistical significance for either of the co-primary populations.

Efficacy and safety analyses were conducted using data from patients who were
randomised to treatment (nintedanib or placebo) and received at least one dose of
study medication (known as the treated set [TS]). The primary assessment of the
benefit/risk was based on efficacy and safety data over 52 weeks. To reduce the
amount of missing data, patients who discontinued the trial drug for any reason prior
to completing the 52 week treatment period were asked to attend all visits and undergo
all examinations as previously planned. In addition, for patients who prematurely
discontinued trial medication and were unable to complete the scheduled visits, every
attempt was made to collect information on vital status at week 52, at the time of data
cut-off for the primary analysis and at the end of the trial. Data collected beyond 52
weeks (i.e. during part B) provided supportive longer term information on the effect of
nintedanib. Part B was a variable treatment period beyond 52 weeks, during which
patients continued on blinded, randomised treatment. Data from Part B, DBL, are

included in the submission as supportive information.

Dose reduction from 150 mg BID to 100 mg BID or treatment interruption were
considered to manage AEs. No further dose reduction was possible for patients on the
100 mg BID regimen because of possible lack of efficacy. Treatment discontinuation
was considered where persistent AEs were observed at the 100 mg BID dose or where

there were severe effects at 150 mg BID.

Similarly to the INPULSIS trials, a random coefficient regression (random slopes and
intercepts) model was used for the primary endpoint. Mixed Effects Models for
Repeated Measures (MMRM) were used for continuous secondary endpoints,
whereas Cox proportional hazards models and Kaplan-Meier plots were used for time-

to-event secondary endpoints and logistic regressions for binary secondary endpoints.
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Formal statistical testing was performed using data from the two co-primary
populations (the overall population and all patients with HRCT with UIP-like fibrotic
pattern only). To maintain an overall type 1 error rate of 5%, a Hochberg procedure
was used for multiplicity adjustment. (38) For the primary endpoint, statistical
significance was to be declared if the analysis in both co-primary populations was
significant at the two-sided 5% level, or if the analyses in either co-primary population
were statistically significant at the two-sided 2.5% level. It was not expected that there
would be sufficient power to achieve statistical significance in the subgroup of patients
with other HRCT fibrotic patterns. However, results in this subgroup were also
assessed and presented descriptively. The primary analysis used all available data
from baseline (excluded) up to week 52, including visits done after premature
treatment discontinuation, end of trial visits, and follow-up visits done before week 52

(i.e. including all measurements after first drug intake and before or on Day 373).

No interim analyses were planned or performed, but the conduct of the trial was

monitored by a Data Monitoring Committee until database lock 1.

Missing data

The statistical model used for the primary analysis allowed for missing data, assuming
they were missing at random. Patients were included in the model if they had at least
one post-baseline assessment. The statistical model assumed that patients who
prematurely discontinued trial participation would have behaved similarly to those who
remained in the trial. Sensitivity analyses using alternative assumptions were
conducted to investigate the potential effect of missing data on the results of the

primary analysis.

Secondary analyses of continuous endpoints also allowed for missing data by
assuming they were missing at random. Missing item-level data in quality of life
questionnaires were handled according to the instructions provided by the instrument
developer. For time-to-event endpoints, missing or incomplete data were managed by
standard survival analysis techniques (i.e. censoring). A missing or incomplete date of
death was imputed as the earliest time point a patient may have been dead (worst

case for time-to-event analysis). For binary endpoints, two analyses were performed.
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Patients with missing data were considered as non-responders (worst case analysis)

and missing values were imputed based on a multiple imputation approach.

For a description of the subgroup analyses conducted, please see Section B.2.7 and

Appendix E.

A summary of statistical analyses in the INBUILD trial is given in Table 14.
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Table 14: Summary of statistical analyses

Trial number

Hypothesis objective

Statistical analysis

Sample size, power

Data management, patient

patients and patients with
HRCT with UIP-like fibrotic
pattern only) in the annual rate
of decline in FVC from baseline
until 52 weeks between
nintedanib 150 mg bid and
placebo.

Alternative hypothesis:
There is a difference in the
annual rate of decline in FVC
between nintedanib 150 mg bid
and placebo over 52 weeks, in
either or both co-primary
populations.

weeks using a random
coefficient regression model.

Continuous secondary
endpoints were analysed using
Mixed Effects Models for
Repeated Measures. Time-to-
event secondary endpoints
were analysed using Cox
proportional hazards models
and Kaplan-Meier plots; binary
secondary endpoints were
analysed using logistic
regressions.

Formal statistical testing was
performed on both co-primary
populations, and statistical
significance declared if the
analysis in both populations
was significant at the two-sided
5% level, or if the analyses in
either population were
statistically significant at the
two-sided 2.5% level. A
Hochberg procedure was used
to maintain an overall type 1
error rate of 5%.

UIP-like HRCT pattern) was
expected to provide adequate
power to demonstrate a
clinically important treatment
benefit on the primary
endpoint, according to three
scenarios (see Table 13).

This included a scenario where
the effect on the primary
endpoint in both co-primary
populations is lower than
observed for IPF patients in the
INPULSIS ftrials.

(acronym) calculation withdrawals

INBUILD (study Null hypothesis: There is no Primary analysis of the primary | A sample size of 600 patients To reduce the amount of
1199.247, difference in either of the co- endpoint was based on all (300 per randomised treatment | missing data, patients who
NCT02999178)(10) | primary populations (all measurements taken over 52 group with 400 patients with discontinued the trial drug prior

to completing the 52 week
treatment period were asked to
attend all visits as planned. In
addition, for patients who
prematurely discontinued trial
medication and were unable to
complete the scheduled visits,
every attempt was made to
collect information on vital
status at week 52, at the time
of data cut-off for the primary
analysis and at the end of the
trial.

All aspects of data handling
were performed according to
guidelines and safety
procedures established by Bl
for safety, completeness,
consistency, accuracy,
plausibility, legibility and
adherence to the Clinical Trial
Plan.

Abbreviations: bid, twice daily; FVC, forced vital capacity; HRCT, high-resolution computed tomography; IPF, idiopathic pulmonary fibrosis; UIP, usual interstitial pneumonia
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Please see Appendix D for the participant flow in the INBUILD trial, including the

number of patients screened, randomised and allocated to treatment.

B.2.5 Quality assessment of the relevant clinical effectiveness
evidence

Please see Appendix D for a full quality assessment of the INBUILD trial. Overall, we

consider this trial to be of high quality, with a low risk of bias.

B.2.6 Clinical effectiveness results of the relevant trials

The results presented here have been taken from two published manuscripts (Flaherty
et al, 2019 (5), Wells et al, 2020 (39) and the clinical trial report. (37) Data from
database lock 2 (DBL2) of INBUILD have been taken from a poster developed for the
European Respiratory Society International Congress, 7-9t" September 2020.(40)

Primary endpoint

The primary endpoint, annual rate of decline in FVC over 52 weeks, was met in both
co-primary populations (see Table 15). Treatment with nintedanib reduced the
adjusted annual rate of decline in FVC by 107.0 mL (p<0.001) in the overall population
and by 128.2 mL (p<0.001) in patients with UIP-like fibrotic pattern vs. placebo.
Consistent results were observed in the complementary population of patients with

other fibrotic patterns.

The treatment effect between populations according to the imaging pattern was
consistent (Figure 5) and all sensitivity analyses relating to the handling of missing
data were supportive of findings in the primary analysis. Furthermore, the curves of
observed change from baseline in FVC in the nintedanib and placebo groups

separated early and continued to diverge (Figure 6).

Table 15: Efficacy endpoint results

Endpoint Nintedanib Placebo Difference vs. placebo
(N =332) (N =331) (95% CI; p-value)

Primary endpoint
Rate of decline in FVC at 52 weeks (mL/year)’

Overall population -80.8+£15.1 -187.8+14.8 107.0 (65.4, 148.5; p<0.001)
Patients with UIP-like fibrotic -82.91£20.8 -211.1£20.5 128.2 (70.8, 185.6; p<0.001)
pattern
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Endpoint Nintedanib Placebo Difference vs. placebo
(N =332) (N =331) (95% CI; p-value)

Patients with other fibrotic -79.0£21.6 -154.2421.2 75.3 (15.5, 135.0; nominal

patterns p=0.0137)*

Annual rate of decline in FVC (mL/ year) over the whole trial period up to DBL2

Overall population -118.14+11.4 | -175.67+11.2 57.5 (26.1-89.0)

Patients with UIP-like fibrotic -130.3£15.5 -204.2+15.3 73.9 (31.0-116.8)

pattern

Patients with other fibrotic -101.3£16.7 -134.9+16.3 33.7 (-12.3-79.6)

patterns

Main secondary endpoints

Absolute change from baseline in total score on K-BILD questionnaire at 52 weeks$

Overall population 0.55+0.60 -0.79£0.59 1.34 (-0.31, 2.98;
p=0.1115)*

Acute exacerbation of ILD or death at 52 weeks (no. with event/total no. [%])

Overall population 26/332 (7.8) 32/331 (9.7) 0.80 (0.48, 1.34;
p=0.3948)*

Time to first acute ILD exacerbation or death over the whole trial period up to DBL2 (no. with
event/total no. [%])

Overall population | 46/332(13.9) | 65/331(19.6) |  0.67 (0.46 to 0.98)"

Death at 52 weeks (no. with event/total no. [%])

Overall population 16/332 (4.8) | 17/331 (5.1) 0.94 (0.47, 1.86;
p=0.8544)

Time to death over the whole trial period up to DBL2 (no. with event/total no. [%])

Overall population | 36/332(10.8) | 45/331(136) |  0.78(0.50 to 1.21)1

Other secondary endpoints assessed until DBL2 in the overall population (no. with event/total
no. [%])

Time to progression (=10% 134/332 181/331 (54.7) 0.66 (0.53 to 0.83"
absolute decline in FVC % (40.4)

predicted) or death

Time to death due to a respiratory | 21/332 (6.3) 30/332 (9.1) 0.68 (0.39to 1.18)1
cause

Abbreviations: FVC, forced vital capacity; ILD, interstitial lung disease; K-BILD, King’s Brief Interstitial Lung Disease
Questionnaire; NR, not reported; UIP, usual interstitial pneumonia.

1 For the primary end point, the patients with a UIP-like fibrotic pattern included 206 in each treatment group. The
patients with other fibrotic patterns included 126 in the nintedanib group and 125 in the placebo group.

I The widths of the confidence intervals have not been adjusted for multiple comparisons, so the intervals should
not be used to infer definitive treatment effects.

§ For the analysis of the scores on the K-BILD questionnaire, 332 patients were included in the nintedanib group
and 330 in the placebo group in the overall population; among the patients with a UIP-like fibrotic pattern, included
were 206 patients and 205 patients, respectively.

] The difference was assessed as a hazard ratio.

Data are taken from Flaherty 2019(5) and the Clinical Trial Report (37). DBL2 data have been taken from the
Clinical Trial Report (37) and a poster developed by Flaherty et al for the European Respiratory Society
International Congress, 7-9" September 2021.(40)
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Figure 5: Between-group adjusted difference in the annual rate of decline in FVC
(mL/year) over 52 weeks in populations by HRCT pattern(5)

n analysed Treatment-by-
Nintedanib Placebo Adjusted difference subgroup-by-
(95% CI) time interaction”
Overall population 332 331 ] . 1 107.0 (65.4, 148.5)
UIP-like fibrotic pattern 206 206 ——————— 127.8(74.3,181.2)
p=0.23
Other fibrotic patterns 126 125 . R 754 (9.5, 141.4)

-20 0 20 40 60 80 100 120 140 160 180 200
Favours placebo  Favours nintedanib

Abbreviations: bid, twice daily; Cl, confidence interval; FVC, forced vital capacity; SE, standard error.

*Estimated based on a random coefficient regression model with fixed effects for baseline FVC, random effect of
patient specific intercept and time, and including baseline-by-time, treatment-by-subgroup and treatment-by-
subgroup-by-time interactions.

Figure 6: Decline from baseline in FVC at 52 weeks

0%
Nintedanib, overall
] population
£ 50 ; RS T
E Nintedanib, UIP-like
a 1 fibrotic pattern
= _100-
E-E- 100 .
EE 1 3 F’Iucebol. o.‘.'er.lll
£ 150 i population
£ = 1
v T
c
3 2004 Placebo, UIP-like 1
= fibrotic pattern |
-250 T T T T T T 1
D 2 4 6 12 24 36 52
Week
No. of Patients
Overall population
Nintedanib 332 326 320 322 314 298 285 265
Placebo 331 325 326 325 320 311 296 274
Patients with UIP-like fibrotic
pattern
Nintedanib 206 203 200 199 193 180 171 160
Placebo 206 202 202 201 197 190 176 162

Abbreviations: FVC, forced vital capacity; UIP, usual interstitial pneumonia

Main secondary endpoints

The results of the main secondary endpoints are presented in Table 15. In the overall
population, treatment with nintedanib resulted in a numerical improvement in HRQoL
as measured by the King's Brief Interstitial Lung Disease (K-BILD) questionnaire
compared with placebo (adjusted mean difference 1.34; 95% CI -0.31, 2.98; nominal
p=0.1115), although the change from baseline total score was small in both treatment

groups. A lower proportion of patients in the nintedanib group (7.8%) than in the
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placebo group (9.7%) had an event of first acute ILD exacerbation or death over 52
weeks. The hazard ratio (HR) for time to first acute ILD exacerbation or death was
numerically in favour of nintedanib vs. placebo (HR 0.80; 95% CI 0.48, 1.34; nominal
p=0.3948). The HR for time to death over 52 weeks was 0.94 (95% CI 0.47, 1.86;
nominal p=0.8544). Over the whole trial (up to DBL2), in the overall population, a lower
proportion of patients in the nintedanib group (13.9%) than in the placebo group
(19.6%) had an event of first acute ILD exacerbation or death (Table 15). Treatment
with nintedanib reduced the risk of first acute ILD exacerbation or death by 33%
compared with placebo, as indicated by the HR of 0.67 (95% CI 0.46, 0.98; Table 15).

In the overall population, the percentage of patients who died over 52 weeks was
similar between treatment groups (%; n/N, nintedanib: 4.8%; 16/332, placebo: 5.1%,
17/331). The HR for time to death over 52 weeks was 0.94 (95% CI: 0.47, 1.86;
nominal p=0.8544). Over the whole trial (up to DBL2), in the overall population, a lower
proportion of patients died in the nintedanib group (10.8%) than in the placebo group
(13.6%). The HR indicated that the risk of death was 22% lower in the nintedanib group
than in the placebo group (HR 0.78; 95% CI 0.50, 1.21).

Other secondary endpoints (37)

In the overall population, over the whole trial period (up to DBL2), a lower proportion
of patients in the nintedanib group (40.4%; n/N, 134/332) than in the placebo group
(54.7%; n/N, 181/331) progressed (defined as 210% absolute decline in FVC %
predicted) or died. Most of these patients had an event of progression (34.3%
nintedanib vs. 48.3% placebo). Treatment with nintedanib reduced the risk of
progression or death by 34% compared with placebo, as indicated by the HR of 0.66
(95% C10.53, 0.83). In the overall population, over the whole trial period (up to DBL2),
a lower proportion of patients died due to respiratory cause in the nintedanib group
(6.3%; n/N, 21/332) than in the placebo group (9.1%; n/N, 30/331). The HR indicated
that the risk of death due to respiratory cause was 32% lower in the nintedanib group
than in the placebo group (HR 0.68; 95% CI1 0.39, 1.18).

The analysis of the proportions of patients with a relative decline from baseline in FVC
% predicted of >10% (adjusted odds ratio [OR] 0.70; 95% CI 0.52, 0.96) or >5%
(adjusted OR 0.50; 95% CI 0.36, 0.68) in the overall population at 52 weeks were
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numerically in favour of nintedanib vs. placebo. Treatment with nintedanib in the
overall population also numerically improved the Living with Pulmonary Fibrosis (L-
PF) symptoms dyspnoea score at week 52 (adjusted mean difference -3.53; 95% CI -
6.14, -0.92) and the L-PF symptoms cough domain score (adjusted mean difference -
6.09; 95% CI -9.65, -2.53) compared with placebo.

B.2.7 Subgroup analysis

Subgroup analyses for the description of the trial population, the primary endpoint and
safety endpoints were performed in the following pre-planned groups: gender, age
(<65 years vs. over 65 years), race, baseline FVC % predicted (<70% vs >70%) and

underlying clinical ILD diagnosis in groups.

For each subgroup analysis of the primary endpoint, the heterogeneity of the subgroup
treatment effect on the slope was estimated. A random slope and intercept mixed
model was fitted based on the statistical model for the primary analysis, but
parametrised using the treatment-by-subgroup and the treatment-by-subgroup-by-
time interaction terms. A contrast statement, with appropriate contrasts, was used to

conduct an F-test of heterogeneity across all expression levels of the subgrouping.

The primary endpoint was also analysed in the overall population by subgroups based
on HRCT pattern (UIP-like pattern only vs. other HRCT fibrotic patterns). The model
excluded the term for the HRCT pattern in this analysis, and the obtained interaction
p-value served as an objective measurement of whether the results of the primary
endpoint were consistent between the co-primary population of patients with UIP-like
fibrotic pattern and the complementary population of patients with other fibrotic
patterns. A pre-specified additional analysis of the impact of underlying ILD diagnoses
on the primary endpoint results was also carried out by excluding ILD diagnosis groups

one by one, however it should be noted that these are exploratory analyses.(39)

The efficacy of nintedanib vs. placebo in these subgroups can be found in Appendix
E. None of the demographics or clinical characteristics had a substantial influence on
the treatment effect of nintedanib vs. placebo in the overall population or the
population with UIP-like fibrotic pattern on HRCT. All point estimates were in favour of

nintedanib vs. placebo. An additional analysis investigated the impact of the underlying
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ILD diagnoses by employing the method of excluding ILD diagnosis groups one by
one, thus exploring the influence of the excluded ILD diagnosis group on the overall
treatment effect. The point estimates and Cls were very similar in these analyses,
showing that the treatment effect was not driven by one of the ILD diagnosis groups.
The results were similar in both the overall population and the population with UIP-like
fibrotic pattern by HRCT.

B.2.8 Meta-analysis

As stated earlier in the submission, nintedanib is the only licensed treatment for PF-
ILD other than IPF. Although immunomodulatory agents may be used to treat the
inflammatory component of patients’ underlying disease, there are no randomised
controlled trials to suggest that these unlicensed treatments have a positive impact on

the chronic fibrotic progression of PF-ILD.

However, as an exercise of due diligence, the feasibility of a quantitative evidence
synthesis, such as an NMA or Bucher’s indirect comparison with available treatments
used in clinical practice, was assessed based on evidence identified in the SLR
described in Appendix D. The possibility of forming a connected network comparing
the treatments of interest for each outcome of interest was assessed. Potential
treatment effect modifiers were then identified, which could introduce heterogeneity
and lead to bias in the analysis. These included different treatment doses and
schedules, outcome definitions or time points, patient characteristics, baseline risks

and observed treatment effects.

Six studies were explored in the feasibility assessment as they met the criteria for
inclusion in the SLR and reported results (Table 75). Wyser 1997(41) was immediately
excluded from the feasibility analysis as this study did not form a connected network

with any of the other included studies.

A potentially feasible network indirectly comparing nintedanib to pirfenidone via
placebo was identified (Figure 7). One study (INBUILD) informed the nintedanib vs.
placebo comparison and four studies informed the pirfenidone vs. placebo
comparison. However, three of the four studies informing pirfenidone vs. placebo
(RELIEF, NCT00001596 and Gahl 2002)(42-44) were not considered suitable due to
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differences in patient and trial characteristics compared to INBUILD(5) (the only study
informing nintedanib versus placebo) and lack of outcome reporting (see Table 16,
Table 17 and Table 18). An indirect comparison at 24 weeks was technically possible
between nintedanib and pirfenidone, based on INBUILD(5) and NCT03099187.(45)
However, since PF-ILD is a chronic condition, this comparison is expected to be
immature. As a result, no indirect treatment comparisons were undertaken. It should
also be noted that pirfenidone is not licensed for the treatment of PF-ILD, which further
suggests that this is not an appropriate comparison. Pirfenidone is also not included

as a comparator in the decision problem specified in Table 1.

Figure 7: Potential network plot

NCT00001596
Gahl 2002
NCT03099187
RELIEF

INBUILD

Abbreviations: NTD, nintedanib; PFD, pirfenidone; PLB, placebo

Table 16: Trial characteristics in indirect comparison feasibility assessment

Trial ;:::ication Phase Country Results timepoint
NCTO00001596 (42) 2011 2 USA?® 12 months

Gahl 2002(43) 2002 NR USA® Various (up to 44 months)
NCT03099187(45) 2019 2 International 24 weeks

INBUILD(5) 2019 3 International 52 weeks®

RELIEF(44) 2019 2 Germany NR

a patients were predominantly from Puerto Rico; ® change in FVC from baseline also reported at 2, 4, 6, 12, 24, 36
weeks in figure
Abbreviations: NR, not reported
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Table 17: Patient baseline characteristics for studies included in the feasibility

assessment
N Age, Gender | Former/ #L'::;:‘ce
Trial Intervention . mean (% current
randomised (SD) male) smoker (%) pattern on
HRCT
A 39.2 o
NCT00001596 | Pirfenidone 23 (10.8) 35% NR NR
42 -
(42) Placebo 12 43.4 (7.7) | 50% NR NR
Pirfenidone | 11 S 45% | 18%? NR
Gahl 2002(43) (12.1)
Placebo 10 34.0 (9.2) | 40% 20%? NR
70.0
Pirfenidone 127 (61.0— 55% NR NR
NCT03099187 76.0)°
(45) 69.0
Placebo 126 (63.0— 55% NR NR
74.0)°
INBUILD(5) Nintedanib 332 65.2 (9.7) | 54% 54% 62%
Placebo 331 66.3 (9.8) | 54% 51% 62%
Pirfenidone NR NR NR NR NR
RELIEF(44)
Placebo NR NR NR NR NR

a current smokers only (greater than one pack a year); ® median (IQR)

Baseline characteristics similar to INBUILD are highlighted in green, differences are highlighted in red. Calculated
values are shown in italics.
Abbreviations: HRCT, high-resolution computed tomography; NR, not reported; SD, standard deviation; UIP, usual
interstitial pneumonia.

Table 18: Outcome baseline values for studies included in the feasibility assessment

FVC (%
Trial Intervention | predicted), FEY1IFVC DLC(.) i 6MWD, m K-BILD
ratio predicted) score
mean (SD)
NCT00001596 | Pirfenidone | 72.9 (7.9) 108 (11.3) | 68.0(16.6) | 504 (120) | NR
(42) Placebo 73.5(9.7) 111 (6.7) | 66.8(15.9) | 525 (94) NR
Pirfenid 58.5(12.9) | NR 60.0 (24.5) | NR NR
Gahl 2002(43) |——1oN® (12.9) (24.5)
Placebo 59.7 (10.5) | NR 66.6 (25.4) | NR NR
o 71.0 (59.0- | 0.82(0.78— | 44.6 (36.9— | 372 (303—
Pirfenidone b b b b NR
NCT03099187 87.3) 0-86) 53.5) 487)
(45) 71.5(58.0- | 0.84 (0.78— | 48.0 (38.4— | 395 (325
Placebo b b b b NR
88.0) 0.87) 59.0) 472)
Nintedanib | 68.7 (16.0) | 0.83 (0.07) | 44.4 (11.9) | NR 2
(11.0)
INBUILD(5) =53
Placebo 69.3 (15.2) | 0.83(0.07) |47.9(15.0) | NR (9.8)
Pirfenid NR NR NR NR NR
RELIEF(44) renidone
Placebo NR NR NR NR NR

a these results are likely reported in a different unit to the other studies due to the large discrepancy in between-
study values; ® median (IQR)
Baseline characteristics similar to INBUILD are highlighted in green, differences are highlighted in red.
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Abbreviations: 6MWD, 6-minute walking distance; DLCO, diffusing capacity of the lungs for carbon monoxide;
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; K-BILD; King's Brief Interstitial Lung
Disease; NR, not reported

B.2.9 Indirect and mixed treatment comparisons

As described above, it was not possible to conduct any indirect or mixed treatment
comparisons due to lack of published evidence for comparator treatments. For this

reason, these sections in Appendix D have not been completed.
B.2.10 Adverse reactions

Safety over 52 weeks

An overall summary of AEs reported over 52 weeks is given in Table 19. In the overall
population, the percentages of patients with any AEs and serious AEs were similar in
the nintedanib and placebo groups. The most frequently reported AEs by system
organ class (SOCs with a frequency >20% in either treatment group) were
gastrointestinal disorders (nintedanib: 80.7%; placebo: 45.0%); infections and
infestations (53.3% vs. 55.9%); respiratory, thoracic and mediastinal disorders (38.6%
vs. 43.5%); investigations (34.3% vs. 16.9%); general disorders and administration
site conditions (25.9% vs. 25.7%); musculoskeletal and connective tissue disorder
(23.2% vs. 26.3%); nervous system disorders (20.8% vs. 16.3%); and metabolism and
nutrition disorders (20.8% vs. 11.5%).

Table 19: AEs in the INBUILD trial (overall population, 52 weeks)

AE Nintedanib Placebo
Any (n [%]) 317 (95.5) 296 (89.4)
Any except for progression of interstitial lung disease 317 (95.5) 295 (89.1)
Most frequent AEs
Diarrhoea 222 (66.9) 79 (23.9)
Nausea 96 (28.9) 31(9.4)
Bronchitis 41 (12.3) 47 (14.2)
Nasopharyngitis 44 (13.3) 40 (12.1)
Dyspnoea 36 (10.8) 44 (13.3)
Vomiting 61 (18.4) 17 (5.1)
Cough 33(9.9) 44 (13.3)
Decreased appetite 48 (14.5) 17 (5.1)
Headache 35 (10.5) 23 (6.9)
Alanine aminotransferase increased 43 (13.0) 12 (3.6)
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AE Nintedanib Placebo
Progression of ILD 16 (4.8) 39 (11.8)
Weight loss 41 (12.3) 11 (3.3)
Aspartate aminotransferase increased 38 (11.4) 12 (3.6)
Abdominal pain 34 (10.2) 8(2.4)

Severe AEs 60 (18.1) 73 (22.1)

Serious AEs 107 (32.2) 110 (33.2)

Fatal AE
Any 11 (3.3) 17 (5.1)
Any except for progression of ILD 10 (3.0) 14 (4.2)

AE leading to discontinuation 65 (19.6) 34 (10.3)

AE leading to permanent dose reduction 110 (33.1) 14 (4.2)

Abbreviations: AE, adverse event; ILD, interstitial lung disease

Overall, the most frequently reported AEs leading to premature treatment
discontinuation were diarrhoea (nintedanib: 5.7%, placebo: 0.3%), alanine
aminotransferase increased (1.8% vs. 0.3%) and ILD (0.6% vs. 3.0%). The most
frequently reported AEs leading to permanent dose reduction were diarrhoea
(nintedanib: 16.0%, placebo: 0.9%), alanine aminotransferase increased (5.4% vs.
0.6%), and aspartate aminotransferase increased (4.8% vs. 0.3%). These were also
the most common other significant AEs (diarrhoea: 19.9% vs. 1.2%, alanine
aminotransferase increased: 6.6% vs. 0.6%, and aspartate aminotransferase

increased: 5.4% vs. 0.3%).

The most common investigator-defined drug-related AEs were diarrhoea (nintedanib:
59.0%, placebo: 17.8%), nausea (23.8% vs. 5.7%), and vomiting (12.3% vs. 2.1%).
Overall, the most frequently reported severe AEs were acute respiratory failure
(nintedanib: 2.7%, placebo: 0.6%), pneumonia (2.4% vs. 1.8%), diarrhoea (2.4% vs.
0.9%), interstitial lung disease (1.5% vs. 5.1%), and respiratory failure (0.9% vs.
2.4%). The most frequently reported serious adverse events (SAEs) were pneumonia
(nintedanib: 3.6%, placebo: 3.3%), interstitial lung disease (3.3% vs. 9.4%), acute
respiratory failure (3.0% vs. 0.6%), respiratory failure (1.8% vs. 2.7%), and drug-
induced liver injury (1.8% vs. 0%). AEs leading to death were reported for 3.3% of

patients in the nintedanib group and for 5.1% of patients in the placebo group.
AEs, serious AEs and clinical laboratory safety results over the whole trial period (Part
A + B) were generally in line with the results over 52 weeks. In addition, safety results
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in patients with UIP-like fibrotic pattern, including AEs and serious AEs and clinical

laboratory values, were consistent with the safety profile in the overall population.

B.2.11 Ongoing studies

There are no ongoing studies.

B.2.12 Innovation

Until the recent approval of nintedanib for SSc-ILD and PF-ILD, there were no licensed
treatments for patients with PF-ILD other than IPF. Patients with PF-ILD may continue
to receive unlicensed corticosteroids and/or immunosuppressive therapies for the
treatment of the inflammatory component of their underlying disease; however there
are no randomised controlled trials to suggest that these unlicensed treatments have
a positive impact on the chronic progression of PF-ILD (i.e. delaying disease
progression). Nintedanib is the first pharmacological treatment to show clinical
evidence of slowing disease progression in patients with PF-ILD, through the
dedicated INBUILD trial, showing a statistically significant difference in the primary
endpoint in both co-primary populations.(5) This treatment effect was seen across all
patients, regardless of the underlying ILD diagnosis.(39) Nintedanib also showed a
numerical improvement in HRQoL as measured by the K-BILD questionnaire, although
the difference was small in both groups. As such, nintedanib represents a step-change
in the treatment of patients with PF-ILD other than IPF, providing a much needed

treatment option for patients with no approved therapies for their condition.

B.2.13 Interpretation of clinical effectiveness and safety evidence

Key findings for nintedanib are listed below:

¢ Nintedanib 150 mg twice daily significantly slowed the decline in FVC over 52
weeks in patients with PF-ILD vs. placebo (difference 107.0; 95% CIl 65.4, 148.5;
p<0.001).(5) The slower relative decline in FVC was consistent in patients with UIP-

like fibrotic pattern (difference 128.2; 95% CI 70.8, 185.6; p<0.001) and those with
other fibrotic patterns (difference 75.3; 95% CI 15.5, 135.0; nominal p=0.0137).(5)

e The annual rate of decline in FVC in the placebo group in all populations was similar

to that observed in the placebo groups in the INPULSIS trials, supporting the
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hypothesis that patients with a progressive phenotype have similar disease

progression, regardless of the clinical diagnosis.(4, 5)

e Over the whole trial period (up to DBL2), fewer patients treated with nintedanib
(n=46) experienced an acute exacerbation or death compared with those in the
placebo group (n=65; HR: 0.67; 95% CI: 0.46, 0.98).(37)

e Treatment with nintedanib resulted in a numerical improvement in HRQoL in the
overall population and patients with UIP-like fibrotic patterns, as measured by the
K-BILD survey.(5, 37)

e Safety results for nintedanib in patients with PF-ILD were consistent with those
seen in IPF patients.(4, 5) The most frequent AE was diarrhoea, however all
episodes were grade 3 or lower.(5, 37) Nausea, vomiting, abdominal pain,
decreased appetite and weight loss were also more frequent in the nintedanib
group than the placebo group, although common AEs were mostly mild or moderate
in intensity.(5, 37)

o Safety results in patients with UIP-like fibrotic pattern, including AEs, serious AEs
and clinical laboratory values, were consistent with the safety profile in the overall

population.(37)

Strengths and limitations of the evidence base

The INBUILD trial has high internal validity, as an adequately randomised, controlled
trial. Patients, investigators and everyone involved in trial conduct or analysis or with
any other interest in this double-blind trial remained blinded with regard to treatment
assignments until after database lock. There were no unexpected imbalances in drop-
out between groups, and all outcomes have been reported in the published literature
or the clinical trial report. Please see Appendix D for a more detailed quality

assessment.

The trial also has high external validity, with a study design that is relevant to clinical

practice in England and Wales.

The primary endpoint, FVC % predicted, is a validated and well-recognised endpoint
for studies investigating patients with IPF,(46) having been the primary endpoint for
the pivotal studies for nintedanib and pirfenidone in this indication.(46) It has also been
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used in studies of patients with SSc-ILD, such as the Scleroderma Lung Studies and
the SENSCIS trial.(47, 48) The K-BILD questionnaire, a main secondary endpoint, is
validated in IPF and has been found to provide additional information on the burden
of living with IPF compared with pulmonary function tests alone.(49) Assessments of
this endpoint within the INBUILD trial also demonstrated high internal consistency, as
well as good cross-sectional validity.(50) The remaining main secondary endpoints
(acute exacerbation of ILD or death at 52 weeks and death at 52 weeks) are also of
relevance to clinical practice in England and Wales, as these represent the major
burden of disease for ILD, both in terms of burden to the patient and the healthcare

system.

Although the INBUILD trial was placebo controlled, this was considered justified as
there are no currently no disease-modifying treatments indicated for the treatment of
ILD. However, initiation of concomitant immunomodulatory treatment as medically
indicated was allowed for the management of worsening of the disease after the first
6 months of the trial. Concomitant medications at baseline were well balanced
between the treatment groups. While treatments commonly used for ILD were
prohibited at baseline and subject to a wash-out period, stable treatment for underlying
CTD was permitted. A small proportion of patients in both treatment groups were
receiving immunomodulatory medication (biologic or non-biologic DMARDSs) or high-
dose corticosteroids at baseline, reflecting a pattern of treatment expected in UK
clinical practice. During the 52 weeks of the trial, a small proportion of patients received
medications which are used off-label for treatment of PF-ILD, including those
treatments listed as potential comparators in the final NICE scope. This initiation
reflects clinical opinion that treatment for worsening CTD or ILD was required and is
reflective of the underlying treatment that would be seen in UK clinical practice. Use
of these medications was initiated more frequently in the placebo group than the
nintedanib group. The placebo treatment in the INBUILD trial therefore reflects
standard treatment for the PF-ILD as well as underlying conditions. Overall, 68.6% of
trial participants received systemic corticosteroids at baseline or during the 52-week
trial period (placebo, 70.1% vs nintedanib, 67.2%). Non-steroid anti-rheumatic or anti-

inflammatory treatments were received by 39.8% of patients at baseline or during the
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52-week trial period (placebo, 38.1% vs. nintedanib, 41.6%).Treatments listed in the

final NICE scope were initiated during the 52 week trial period as follows:

e Azathioprine: 5 patients (1.5%) in the placebo group vs 1 (0.3%) in the
nintedanib group

e Cyclophosphamide: 2 (0.6%) vs O

e Mycophenolate mofetil: 7 (2.1%) vs 3 (0.9%)

e High-dose (oral, intravenous, or intramuscular) corticosteroids: 57 (17.2%) vs
33 (9.9%)

¢ Infliximab: not initiated in either trial group

¢ Rituximab: 2 (0.6%) in each treatment group.

Real-world data on UK patients with PF-ILD are very scarce; the only registry is the
BTS ILD registry which includes the UK IPF Registry.(51) Differences between the trial
population and registry populations are therefore to be expected, however the baseline
characteristics in the INBUILD trial were broadly similar to those reported in this
registry in terms of race, age, rates of smoking and UIP-like pattern on HRCT (see
Table 20). The INBUILD trial also included 5 sites in the UK. Therefore, we expect the
population of the INBUILD trial to be broadly representative of UK patients in clinical
practice. Subgroup analysis from the INBUILD trial also showed a consistent effect of
nintedanib across gender, age group and race (see Appendix E), further
demonstrating that the benefits of nintedanib are likely to be generalisable across the

population.
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Table 20: Comparison of the INBUILD trial population and the BTS ILD registry (UK
IPF)

INBUILD (total) UK IPF Registry(51)
Male (%) 54% 79%
Mean age (yr + SD) 66 £ 10 73.5+8.3
Race White — 74% Not available
Asian — 25%
Black or African American —
1.5%
Weight (mean kg £ SD) 7717 Not available
BMI (mean) 285 Not available
Former or current smoker (%) 51% 70%
Current 2% 4%
Former 49% 66%
UIP-like fibrotic pattern on HRCT (%) 62% Most recent visit
55% (definite UIP)
37% (possible UIP)

Abbreviations: BMI, body mass index; HRCT, high resolution computed tomography; IPF, idiopathic pulmonary
fibrosis; SD, standard deviation; UIP, usual interstitial pneumonia

Overall, the design of the INBUILD trial is well aligned to the decision problem agreed
with NICE (see Table 1 for further details).

The consistency of treatment effect across subgroups defined by underlying cause of
ILD in the INBUILD trial (39) is supported by the consistency in effect seen between
the INBUILD trial and trials for SSc-ILD (SENSCIS) and IPF (INPULSIS-1 and
INPULSIS-2). The SENSCIS trial included some patients with SSc-ILD who had the
PF-ILD phenotype, while the INPULSIS trials included patients with IPF, the archetypal
form of PF-ILD.

Life expectancy of people with PF-ILD in England

Analysis of patients receiving placebo in the INBUILD trial has shown that individuals
with PF-ILD are likely to have a similar clinical disease course to that of patients with
IPF, with a similar risk of death.(14) Therefore, it is expected that patients with PF-ILD
who are not receiving an anti-fibrotic therapy would have a median post-diagnosis

survival of 2 to 5 years. (15, 16)

The prevalence and incidence of PF-ILD is difficult to estimate due to a paucity of data.
A retrospective observational study assessing all new referrals to nine tertiary ILD
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treatment centres in England identified 253 new PF-ILD patients meeting INBUILD
criteria over a period of 6 months (15t August 2017 to 315t January 2018), which can
be extrapolated to 506 patients over 1 year across these centres. (19) Using the total
population of England (56,286,961, 2019 estimate), this corresponds to an incidence
and prevalence rate of 0.001% (given we expect PF-ILD patients to present very
similarly to IPF where median duration of treatment is around 12 months). Applying
this rate to the population of England and Wales gives an estimated 876 patients with

PF-ILD who would be eligible for nintedanib.

The prevalence estimates for the other licensed indications for nintedanib (OFEV®)

are given in Table 21.

Table 21: Estimated prevalence for other licensed indications for nintedanib

Indication Estimate prevalence in England | Estimated number of patients in Englandt
IPF 0.0230%(52) 12,946
SSc-ILD 24.8-70.4 per million* 1,396-3,963

Abbreviations: IPF, idiopathic pulmonary fibrosis; NSCLC, non-small cell lung cancer; SSc-ILD, systemic sclerosis-
associated interstitial lung disease

1 Based on a total population in England of 56,286,961 (53)

I Based on an estimated prevalence for SSc of 31-88 per million in the UK and up to 80% of people with SSc
developing ILD (54)

Nintedanib is not expected to meet the criteria for end-of-life use.
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B.3 Cost effectiveness

B.3.1 Published cost-effectiveness studies

A systematic literature review was conducted in June 2020, as described in
Appendix G. No relevant cost-effectiveness studies were identified. Therefore, a de

novo economic model was developed. This is described further in Section B.3.2.
B.3.2 Economic analysis

Patient population

Nintedanib has marketing authorisation for adults with chronic fibrosing ILD with a
progressive phenotype, i.e. PF-ILD. The marketing authorisation was based on the
results of the INBUILD phase lll trial. Thus, the model population was based on this

trial and included patients within the marketing authorisation.

Model structure

A Markov model was developed in Microsoft Excel, with the overall structure shown in
Figure 8, in order to undertake a cost-utility analysis of nintedanib versus best

supportive care (BSC). This model is commercial-in-confidence.
Design and definition of health states

The economic model was designed with the objective to accommodate available
evidence from the INBUILD trial (10, 37, 55) to depict an accurate representation of
the patient condition, and to allow easy adaptation for sensitivity analysis of the main

inputs.

As described in Section B.3.1, no previous economic evaluations within the indication
of PF-ILD were identified following a literature review. However, a number of relevant
economic analyses within the area of IPF have been undertaken in recent years.
Therefore, given the similarities in the clinical manifestations between the two
conditions it was determined that the methods adopted for previous economic
analyses of IPF treatments could inform the current submission. More information on

economic analyses within the IPF indication are provided below.
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Cost-utility analyses of nintedanib for the treatment of IPF were previously undertaken
as part of formal submissions to the SMC, NCPE and NICE. The model structure for
these analyses were informed by a targeted review of the literature, undertaken in
March 2015, to identify other economic analyses within IPF. The UK NICE clinical
guidelines for IPF (56) were also consulted, and the meeting for the UK NICE
technology appraisal for pirfenidone attended (NICE TA 282 (57)), meeting held in
Manchester on 29th January 2013). No relevant economic analyses, other than the
pirfenidone NICE submission, were found at this time. Furthermore, Irish clinicians
were consulted during an advisory board meeting on 18th June 2015, at which the
assumptions and structure of the IPF model were discussed. The model assumptions
and structure were validated by the clinical experts present (Professor Jim Egan,
Professor Seamas Donnelly, Professor Anthony O’Regan and Dr. Emmet McGrath).
(58) Please note that the model structure for PF-ILD was validated at an Advisory

Board of UK clinicians held on 11" November 2020 (see page 84 for further details).

When the original nintedanib IPF model was being developed, different outcomes that
could impact disease progression were considered in order to determine the most
appropriate model health states. A targeted review of the literature identified studies
that considered a single parameter (59-67) or a risk scoring system (multiple
parameters). (68, 69) Most studies analysed predictors of mortality rather than disease
progression. Although this could be an indication of patient health status, it was
possible that the definition of health states could come from a finer examination of
these predictors. The literature was consulted for parameters that were considered
relevant for the economic model, in order to identify the minimal clinically important
difference (MCID) (albeit with reference to survival). A limitation identified in risk
scoring systems was potential collinearity of the parameters considered; for example,
age and FVC % predicted (FVC%Pred). Therefore, a risk scoring system was not

considered appropriate for the model.

FVC was selected to be the main factor of disease progression in the previous IPF
analyses because it is a widely used measure of disease status and a common
endpoint in clinical trials in IPF and ILD patients. (46) In particular, FVC%Pred was

considerate more appropriate for incorporation into a Markov model health state when
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compared with FVC (in mL), as it reflected the absolute state of patient condition and

adjusted for body capacity, age, gender, and height.

This removed some of the heterogeneity between the patients within each health-state

and adhered to Markov model conventions.

According to many studies the MCID for FVC%Pred ranged between a 2 to 6%
change, or a 10% change. (46) A 5 to 10% change has also been suggested for
predicting long-term outcomes including survival. After consultation with clinical
experts (58), and consideration of available evidence from the trial and in the literature,
a 10-point categorization of FVC%Pred was considered most appropriate for use in

the previous IPF analysis.

In addition to lung function, acute exacerbations of ILD are dramatic, singular events
that are often fatal and a major cause of mortality and morbidity in ILD. Therefore, the
final IPF model structure was designed with health states that described the patient
condition as a combination of both lung function (FVC%Pred) and exacerbation
(Figure 8). This structure was adopted for the submissions of nintedanib in IPF to
NICE, the SMC and the NCPE.

The model structure described above was judged to be appropriate by both the NICE
committee and Evidence Review Group (ERG) during the nintedanib submission for
IPF. (52) Additionally, as described previously, IPF and PF-ILD are considered to have
equivalent disease trajectories. Therefore, the model structure presented in Figure 8
was also adopted for this analysis (i.e. the health states, and possible transitions
between these health states, were the same). More details on the overall model
approach are provided in the subsequent section. It should be noted, however, that
the values that were applied for the model input parameters were updated for this
analysis, such that they were specific to PF-ILD and the application of nintedanib in
this specific population. More details on these input parameters are provided in

Section B.3.3 Clinical parameters and variables.
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Figure 8: Schematic representation of Markov model
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Cohort transitions

A Markov model was analysed by cohort analysis using time-dependent and constant
transition probabilities to describe decline in lung function and incidence of first acute
exacerbations over the cohort’s lifetime. A set of mutually exclusive health states was
defined. It was assumed that each state represented the full health condition of its
members. Possible transitions were defined between each of the health states and the
probability of each transition occurring within a set period of time (a cycle) was

assigned to each possible transition.

The cohort entered the model at different FVC%Pred health states without

exacerbation. The possible transitions were:

. Death

. Loss of lung function (progression to a health state with lower FVC%Pred)
. Exacerbation

. Loss of lung function combined with exacerbation

. Remaining in the same health state
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Transitions were evaluated over a three-month period. This cycle length was chosen
to match the nintedanib pack usage size. Half-cycle correction was applied to all costs

and health benefits.

It was assumed that once progressed to a lower FVC%Pred the cohort could not
regress back to health states with an improved lung function (higher FVC%Pred).
Moreover, once an exacerbation occurred, the cohort could not move back to a health
state without exacerbation and would remain in the health states with exacerbation

history for the remainder of the time horizon.

Loss of lung function was defined as a 10-point decrease in FVC%Pred within three

months, which aligns with clinical expert opinion and the literature. (16, 46)
Death could occur in two ways:

a) At any point in the model (and from any health state) based on the survival

analysis of the clinical trial data.

b) At the point patients reached a level of FVC%Pred of <40%, which was

assumed to be an unsustainable level of lung function. (56)

The relationship of health states and interdependence of events and transitions was
studied through different analyses of the clinical trial data. In particular, the
dependencies of mortality and exacerbation, and mortality and lung-function status
(FVC%Pred category), were explored. The final structure of the model transitions, with
overall survival and exacerbation risks being dependent on treatment allocation and
lung function being dependent on a number of predictors, was deemed to provide the
most appropriate balance between the available evidence, and flexibility of the model
for sensitivity analysis. The structure takes account of a patient’s risk of decline in lung-
function over time and their risk of exacerbation. The resulting costs and QoL

associated with this could then be captured.

The model was constructed from the perspective of the NHS and Personal Social

Services (PSS) in England and Wales.
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A lifetime horizon was adopted to capture all relevant costs and health-related utilities,
with all costs and utilities discounted at a rate of 3.5% per year in alignment with the

NICE guide to methods of technology appraisal. (54)

A full list of assumptions for the model, including input parameters and their

justifications, can be found in Table 22 and Table 23 below.

Table 22: Model transitions and inputs

Transition Input Source
Survival analysis of time to death and Phase lll clinical trial (INBUILD)
Mortality conditional to progression to clinical trials data for PBO and
FVC%Pred of 40% nintedanib risk
Loss of lung Survival analysis of time to progression | Phase Ill (INBUILD) clinical trial
function (disease of FVC%Pred (progression defined as | data for PBO risk and OR value for
progression) a 10% point decline) nintedanib
Survival analysis of time to
Exacerbation exacerbation (investigator reported and | Phase Il (INBUILD) clinical trial
adjudication committee exacerbations, | data for PBO and nintedanib risk
see section 3 for definitions)

Abbreviations: FVC, Forced Vital Capacity; PBO, Placebo; NDB, nintedanib; PFN, pirfenidone; OR, odds ratio.

Table 23: Features of the economic analysis

Current appraisal | Chosen values Justification

The model structure captures the impact of
distinct resource use and patient HRQoL

Model structure Markov model associated with each health state and allows for a
cost-utility analysis over an extended time
horizon.

Set to cover the lifetime of the patients, in order

Time horizon Lifetime to fully incorporate the costs and health outcomes
of PF-ILD.

Half-cycle correction Half cycle correction applied to minimise bias and

Half-cycle ; . ) .

. was applied to all costs is a commonly accepted method in economic

correction . .

and health benefits evaluations.

The cycle length was selected to be consistent
The model cycle length | with the clinical trial intervals between

was three months observations and was considered a balanced
interval for the model outcomes.

Cycle length

Patient level EQ-5D
Source of utilities measured directly from
the INBUILD trial

NHS Reference costs,
Source of costs PSSRU, NICE CG, Consistent with the NICE reference case
Rincoig et al (2007)

Treatment-related Diarrhoea, nausea and The inclusion of adverse events was determined
adverse events vomiting were included by a criterion based on severity and incidence
(TRAE) in the model within the INBUILD trial.

The adoption of EQ-5D data is consistent with the
NICE reference case.
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Current appraisal

Chosen values

Justification

Baseline mortality
risk

It was assumed that
death could occur at the
point that patients
reached a level of
FVC%Pred of 30-39.9%

A discussion with clinical experts held regarding
the point at which life becomes unsustainable
with low FVC%Pred values. (58) A similar
assumption was made in the NICE IPF Clinical
Guideline (CG163) for a threshold of 35%
FVC%Pred. (56) To fit with the 10-percentage-
points categories 40% was used. The impact of
this to the incremental cost-effectiveness results
was tested in sensitivity analysis and it was
minimal.

Definition of
baseline disease
progression / loss
of lung function

Baseline disease
progression was defined
as a 10-point drop in
FVC%Pred every three
months (constant risk)

According to many studies the MCID for
FVC%Pred ranged between a 2-6% change (68)
or a 10% change. (16, 68) After consultation with
the clinical experts (58), it was decided that a 10-
point categorisation of FVC%Pred was a
balanced range to capture granularity of
outcomes without overcomplicating the model.

Progression / loss
of lung function

It was assumed that
once progressed to a
lower FVC%Pred the
cohort could not regress
back to health states
with improved lung
function (higher
FVC%Pred)

Similar assumptions were made in submissions
of both nintedanib and pirfenidone to NICE
technology appraisal programmes. (52, 57)
Clinical expert opinion validated the assumptions.

Exacerbation risk

Exacerbation was
assumed to be a
constant hazard every
three months
(exponential model)

Several parametric models were considered
based on INBUILD trial data. Considering the AIC
values and model parsimony, the exponential
model was selected.

Discount for
outcomes and
costs

3.5%

Consistent with the NICE reference case

Abbreviations: AIC, Akaike Information Criterion; CG, clinical guideline; FVC, forced vital capacity; HRQoL,
health-related quality of life; QALY's, quality-adjusted life years; MCID, minimal clinically important difference;
NICE, The National Institute for Health and Care Excellence; NHS, National Health Service; PF-ILD, Progressive
fibrosing interstitial lung disease; PFN, pirfenidone; PSSRU: Personal Social Services Research Unit; TRAE:
treatment-related adverse events.

Intervention technology and comparators

Details on nintedanib are summarised in Table 24.

Table 24: Description of nintedanib

Item

Description

Approved name

Nintedanib

Drug class/pharmaco-therapeutic

Antineoplastic agents, protein kinase inhibitors

group
ATC code LO1XE31
Brand name Ofev®

Pharmaceutical form(s)

Soft capsules containing nintedanib (as esilate)
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Item Description

Strengths available 100 mg and 150 mg

Route of administration Oral

Recommended dose for nintedanib (Ofev®) is 150 mg
twice daily, approximately 12-hour apart. The 100 mg twice
daily dose is only recommended for use in patients who do
not tolerate the 150 mg twice daily dose

Licensed dose & frequency

Continuous daily treatment unless unacceptable adverse
events are experienced

Abbreviations: ATC, Anatomical Therapeutic Chemical classification system.

Duration of use

As there are no relevant comparators for the treatment of PF-ILD in the UK, the model
implements a comparison of nintedanib vs BSC (best supportive care) for adults with
PF-ILD. The dose and frequency of nintedanib is continuous treatment of 150 mg twice
daily (300 mg per day). BSC is the best comparator with the INBUILD comparator arm

closely matching UK clinical practice in treating patients with progressive phenotype.

B.3.3 Clinical parameters and variables

It should be noted that the INBUILD trial was the main data source for the economic
model, being as it was used to populate the following parameters: overall survival,
time-to-first acute ILD exacerbation, loss of lung function, time-to-treatment
discontinuation, utility values and health-care resource use. The 52-week analysis
from INBUILD has previously been published, based on DBL1 from the trial (which is
an interim analysis as the trial is ongoing) (5). However, a second database lock
(DBL2) was undertaken approximately three months after DBL1. Given that DBL2
provides longer-term follow-up data this dataset was used to populate all of the
parameters just listed. This longer-term follow-up period is expected to be particularly

pertinent for the survival curve analysis as it slightly reduces the immaturity of the data.

Treatment efficacy transition probabilities

Source of evidence

The model captured three types of transitions related to treatment efficacy: mortality,
acute ILD exacerbations and decline of lung function (progression based on
FVC%Pred). Therefore, the inputs for these transitions were all estimated based on
data from the INBUILD trial.
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In terms of BSC, these transitions were based on the placebo arm of this trial. As is
usual for a placebo-controlled clinical trial, the protocol of the INBUILD clinical trials
provided rules for the use of concomitant medication during the trial period. In general,
patients were allowed to use a range of background medication that closely resembled
BSC in this disease.

The risk of mortality and acute exacerbations were extrapolated beyond the observed
trial follow-up period using a statistical analysis presented in the following sections
with separate survival curves fitted to the INBUILD trial data for placebo (i.e. BSC) and

nintedanib.

Survival analysis

Using the individual patient data (IPD) from the phase Il INBUILD trial, parametric
models were fitted to determine the transition probabilities for both the BSC and
nintedanib arms from the start of the model. The use of parametric modelling is
common when there is a need to extend beyond the clinical trial observational period.
The base-case analysis assumed that the parametric model was applied for the full
duration of the economic model; that also included the first year of the analysis where
clinical trial data were available. This allowed for a more robust representation of
uncertainty from the trial results and a formal exploration via a probabilistic sensitivity
analysis (PSA). More details on the survival analyses that were undertaken are

provided below.

Overall survival

Several different standard parametric models have been explored for mortality, TTD
and TTFAE probabilities including: exponential, Gompertz, generalised gamma, log-
normal, log-logistic, and Weibull. All of these standard parametric models were fit
using the “flexsurv” package in R (data analysis and statistics software). (70, 71)
Additionally, a Bayesian survival analysis approach was also conducted for overall

survival. This Bayesian approach is discussed further in below.
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Goodness of fit was assessed using the Akaike Information Criterion (AIC). In general,
the smallest AIC value represents the best-fit parametric model. The magnitude of the
absolute AIC value is not meaningful in itself as it depends on the set of data. However,
relative differences are meaningful; parametric models are seen as suitable
candidates for inclusion in the economic model if they are within three points of the

parametric model with the lowest AIC or BIC.

As a second step the results of the parametric modelling were compared with evidence
from the literature (visual inspection/face validity). Altogether, the following criteria

were considered when choosing the parametric model for the economic analysis:

a) The AIC/BIC value (smallest value preferred)
b) Face validity/visual inspection and comparison with published cohorts
c) Precedent in the literature (where evidence was available)

d) Clarity of understanding and computation

Figure 9: Model structure — OS

The mortality risk is based on parametric
extrapolation (source: pooled phase Il
and phase Il data). It is applied
irrespective of health state membership.
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The extrapolation of overall survival was undertaken using two approaches: a typical

Exacerbation

Progression rl!.

frequentist method and an exploratory Bayesian analysis. For the frequentist

approach, six parametric distributions were explored to extrapolate overall survival.
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Of these six distributions, the exponential, lognormal and Generalised gamma were
found to have a poor fit to the data and, therefore, were not pursued further in this
analysis. Therefore, the loglogistic, Gompertz and Weibull distributions were adopted
for the frequentist approach. The goodness of fit for six parametric models for OS is

presented in Table 25, separated by treatment arm.

Table 25: Goodness of fit (AIC and BIC) — OS

Treatment arm Distribution AlIC BIC Decision
Exponential 842.1154 | 845.9175 | Excluded from model
Weibull 822.3554 | 829.9597
Lognormal 825.7844 | 833.3886 | Excluded from model
Placebo —
Loglogistic 822.5821 | 830.1864
Gompertz 823.3835 | 830.9878
Generalised gamma | 824.2238 | 835.6302 | Excluded from model
Exponential 690.9068 | 694.712 | Excluded from model
Weibull 687.0584 | 694.6687
) ) Lognormal 690.5765 | 698.1868 | Excluded from model
Nintedanib —
Loglogistic 687.4335 | 695.0438
Gompertz 685.4074 | 693.0177
Generalised gamma | 688.7022 | 700.1176 | Excluded from model

Briefly, the aim of the Bayesian analysis was to improve the accuracy and precision of
the extrapolated OS estimates for the PF-ILD population. The analysis was conducted
to inform the INBUILD survival data using IPF data from the following trials:
TOMORROW (NCT00514683) (72), INPULSIS (NCT01335464 and NCT01335477)
(73), INPULSIS-ON (NCT01619085) (74). More information on the Bayesian analysis

is provided below.

Bayesian analysis — overall survival

While IPF is the classic fibrosing ILD, PF-ILD patients demonstrate a number of
similarities to IPF, with their disease being defined by the presence of progressive
pulmonary fibrosis, worsening respiratory symptoms, declining lung function,
resistance to immunomodulatory therapies and, ultimately, early mortality. (11, 75, 76)
Due to these similarities across IPF and PF-ILD, it was hypothesised that the trajectory
of the survival of IPF patients could be used to inform survival estimates for PF-ILD

patients.
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Data on the long-term survival of IPF patients are available from several trials,
including two phase 3 IPF trials (INPULSIS | and INPULSIS 1) (73) and a combined
long-term extension of these studies, known as INPULSIS-ON. (74) This extension

study monitored OS for over eight years in IPF patients taking nintedanib.

The IPF data were used to generate an informative prior, utilising data from several
IPF RCTs and long-term extensions of these trials. This prior was then used to inform
the Bayesian survival analysis of the PF-ILD data. Before synthesising the evidence
using a Bayesian framework, the individual patient data were cleaned and linked
across databases. The IPF patients were matched to PF-ILD patients using propensity
score matching to ensure that these patients had similar baseline characteristics.

Survival data were then generated for the matched, weighted IPF patients.

Following data pre-processing, there were two components to the analysis. The first
component of the analysis involved generating an informative prior using data from
the IPF patients that had been matched to the PF-ILD patients.

The second component of the analysis involved using the best fitting models to
synthesise informative priors to inform a Bayesian survival analysis of the PF-ILD
patient data. These pre-processing steps, and the subsequent methodology used to

conduct the Bayesian survival analysis, are described in further detail below.

Study linking and data cleaning

Data from the following IPF trials were used in this analysis:

. TOMORROW (phase Il) study (72): patients receiving nintedanib (300mg)
or placebo; patients from TOMORROW who did not receive the 300mg
dose of nintedanib were excluded.

. INPULSIS 1 and 2 (phase lll studies) (73): all patients.

. INPULSIS-ON (open-label extension [OLE] from phase Il and Il
studies) (74): patients previously receiving nintedanib (300mg) who
continue treatment; patients who were on placebo and then went on to

receive nintedanib in the OLE were censored on initiation of nintedanib.
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The phase II/lll data and OLE data were merged for the purpose of this analysis using

the following censorship rules:

. Placebo patients were censored at the last contact date recorded in the
phase Il/lll studies, or on the date they entered the OLE study, whichever

happened first.

. Nintedanib patients who did not enter the OLE study were censored at the

last contact date recorded in phase I/l

. Nintedanib patients who entered the OLE study were censored at the last

contact date recorded in the OLE.

A total of 1,239 IPF patients have been included in this global dataset; 726 patients
were treated with nintedanib and 513 with placebo.

Data from the phase 3 INBUILD trial were used in this analysis to incorporate PF-ILD
patients. The INBUILD data were provided by Boehringer Ingelheim on 8th May 2020.
This dataset contained 663 patients with PF-ILD; 332 patients were treated with
nintedanib and 331 with placebo.

Propensity score matching

Patients from the IPF dataset were matched to PF-ILD patients from the INBUILD trial
using propensity score matching. The aim of this pre-processing step was to ensure
that the IPF patients used to inform the Bayesian prior had similar baseline
characteristics and disease severity compared to the PF-ILD patients. The following

matching algorithms were considered:

. Kernel matching: This is a non-parametric matching estimator. For each
PF-ILD patient, IPF patients with a closer propensity score are given more
weight than IPF patients that are further away.

. Radius matching: A threshold is applied to the maximum possible
propensity score distance, known as a caliper. All IPF patients that match
to a PF-ILD patient within the caliper radius are equally weighted and

included in the analysis.
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For both types of matchings, two radii were tested, one of 0.1 and one of 0.05. The
matchings were performed using the “psmatch2” command in Stata. The propensity
score itself was created using the “pscore” command, using a logit model. Balance

was checked across main and control groups.

The common support assumption was assessed after patients’ propensity scores had
been generated to determine whether there was overlap between the scores
generated by the IPF patients and the PF-ILD patients. If a patient in the PF-ILD group
had a propensity score that was not similar to any patients in the IPF group, then it

would not be possible to match that patient to an IPF patient.

As radius matching uses a caliper, similarity was assessed by determining all IPF
patients that fell within a PF-ILD patient’s radius. If a PF-ILD patient was very dissimilar
from all IPF patients then they were not excluded in radius matching due to the nature
of the method. Given this, it was not deemed necessary to restrict the selection of

controls to the common support area.

Baseline characteristics were explored to determine which could be used in the
matching analysis. The impact of missing data or large differences between trial

populations was also explored.

The validity of the matching was assessed using common diagnostic statistics and
plots. The balance of covariates after the matching and weighting of control
observations was checked using the “pstest” command in Stata. This displays
standardised differences and a summary of the mean and median bias across all
covariates before and after matching, as well as Rubin’s B (absolute standardised
difference of the means of the linear index of the propensity scores between the two
groups) and Rubin’s R (ratio of the variances o