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Table 2. (Continued)

ENT

chronic sinusitis

Granulomatous changes on
(0-1-17)

direct laryngoscopy (12-5-1)
Consistent imaging studies
(e.g. sinonasal erosion, mu-
copenocteal thickening, posi-
tive PET scan) (6-8-4)

Nasal crusting, epistaxis,
or anosmia associated with
chronic sinus congestion
(1-9-8)

Calcium-VitD  hypercalcemia plus all of the fol-
lowing: a) a notmal serum PTH
level; b) a normal or increased
1,25-OH dyhydroxy vitamin D
evel ¢) a low 25-OFH vitamin D
level (17-2-0)
hypercalciuria plus all of the fol-
lowing: a) a normal serum PTH
level; b) a normal or increased
1,25-OH dyhydroxy vitamin D
level; ¢} a low 25-OH vitamin D
level (16-3-0)

nephrolithiasis plus all of the
following: a) a normal serum
PTH level; b) 2 normal or in-
creased 1,25-diOH vitamin
D Ievel; ¢) a low 25-OFH vita-
min D level (12-7-0)
hypercalciuria without serura
PTH and 25 and 1,25 vita-
min D levels (3-11-5)
nephrolithiasis with calcium
stones, without serum PTH
and 25 and 1,25 vitamin D
levels (4-11-4)

anlaysis (1-3-15)

Nephrolithiasis, no stone

Bone-Joint  Typical radiographic features {tra-
becular pattern, osteolysis,
eysts/punched out lesions)

(16-3-0)

Dactylitis (10-6-2)

Nodular tenosynovitis
(4-9-4)

Positive PET, MR, or galli-

um-67 bone imaging (8-9-1)

Arthralgias (0-5-14)

Non-specific arthritis (1-
6-12)

Bone Marrow PET displaying diffuse uptake

leukopenia (2-8-8)

(13-4-2) anemia (1-5-13)
thrombocytopenia
(1-5-13)
Muscle Pos;mc imaging (MRI, Gal- Myalgias (0-6-14) Elevated serum muscle
Lium-67) (13-7- O) enzymes (5-8-7)
Palpable muscle masses
(3-11-6)
Extra-Tho- Multiple enlarged palpable Multiple enlarged palpable
racic Lymph cervical or epitr vochelar lyraph peripheral or visceral
Node nodes without B symptoms Iymph nodes with B
(5-13-1) symptoms (1-10-9)
Enlarged lymph nodes iden- Multiple palpable enlarged
tified by imaging in at least 2 peripheral or visceral
peripheral or visceral lymph lymph nodes at sites other
node stations without B than cervical and
symptoms (5-14~1) epitrochlear (2-10-7)
Kidney Treatment-responsive renal  Renal failure with other  CT evidence of abnormal

failure with no other risk fac- potential risk factors
tors. (9-9-1) (0-4-15)
Treatment-responsive renal

failure in patient with dia-

betes and/or hypertension.

(0-12-5)

renal enhancement.
(0-12-7)

Continued
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Table 2. (Continued)

Nervous Sys-
tem

Clinical syndrome consistent with
granulomatous inflammation of
the meninges, brain, ventricular
(CSF) system, cranial nerves, pitu-
itary gland, spinal cord, cerebral
vasculature or nerve roots

~plus~

An abnormal MRI characteristic
of neurosarcoidosis, defined as ex-
hibiting abnormal enhancement
following the administration of
gadolinium or a cerebrospinal fluid
exam demonstrating inflammation

(17-3-0)

Isolated facial palsy, negative
MRI (6-8-5)

Clinical syndvome consistent  Cognitive decline, nega-

with granulomatous inflam-
mation of the meninges,
brain, ventricular (CSF) sys-
temn, cranial nerves, pituitary
gland, spinal cord, cerebral
vasculature, nerve roots but
without characteristic MU
or CSE findings (4-11-4)

Seizures, negative eripheral neuropathy in~
5 . negative MRI  Peripheral th

(0-3-15)

tive MRI (0-1-17)

volving large fibers (in-
cluding axonal and de-
myelinating polyneu-
ropathies and roaltiple
mononeuropathies)
(4-9-6)

Cranial nerve palsies other
than VII, negative MRI
(4-7-8)

Pleocytosis in the CSF
(1-7-10)

Low CSF glucose
(0-6-12)

Cardiac

Other Organs

Treatment responsive CM or Reduced LYEF in the
presence of other risk
factors (e.g., HTN,

AVNB (12-7-1)
Reduced LVEF in the ab-
sence of other clinical risk
factors (2-13-4)
Spontaneous or nducible
sustained VT with no other
risk factor (6-12-1)

Mobitz type IT or 3rd degree
heart block (11-6-2)

Patchy uptake on dedicated
cardiac PET (10-8-1)
Delayed enhancement on
CMR (12-5-1)

Positive gallium uptake
(8-11-0)

Defect on perfusion scintig-
raphy or SPECT scan
(4-11-3)

T2 prolongation on CMR
(2-11-5)

DM) (0-1-17)

Atrial dysrhythmias

(0-4-15)

Frequent ectopy

(>5% QRS) (0-6-13)
Bundle branch block
(2-8-9)

Impaired RV function
with a normal PVR
(0-8-10)

Fragmented QRS or
pathologic Q waves in 22
anatomically contiguous
leads (0-7-10)

At least one abnormal
SAECG domain (0-6-10)
Interstitial fibrosis or
monocyte infiltration
(4-8-7)

Positive imaging (3-8-3)

T at feast 70% agreeinent by the experts
% for all clinical conditions, a) biopsy of that argan demonstrating granulomatous inflammation gf no alternate cause inplies highly probable invslvenent, b}
another organ has demonstiated granulomatous inflammation of no alternate cause, ¢f alternative causes for the clinical manifestation have been reasonable ex-
cluded: CXR: chest radiograph; PR pulmonary function tests: Ghest CT chest computed tomngraphy scan; TBNA: transbronebial needle aspiration (of a me-
diastinal lymph node); PET: positron emission tomography scan; Gallium-67: Gallium-67 nuclear scan; BAL: bronchoalveolnr lavage; 3X: three times;
PTH: serum parathyrotd hormone; ENT: ear, nose, throat; Vit D: vitenin D; OH: hydroxy; di-OH: di-hydroxy; MRI: magnetic resonance imaging; B
symploms: fever, weight loss, or night sweats; CSF: cerebral spinal fluid; CM: cardiomyopathy; AVNB: atrioventricular nodal block; LVEF: left ventricular
ejection fraction; HTN: systemic bypertension; DM: dibetes mellits; VT ventricular tackycardia; RV: vight ventricular; SAECG: signal-averaged electro~
cardiogram; CMR: cavdiovascudar magnetic resonance imaging

others who have expertise in the various organ mani-
festations of sarcoidosis. Unlike the original AC-
CESS organ assessment instrument, an organized
process including a blinded vote was used to reach a
consensus of the experts. In addition, the category of
“definite” organ involvement in the ACCESS instru-
ment was changed to “highly probable” because even
histologic evidence of granulomatous inflammation is
not definitive for the diagnosis of sarcoidosis.

This instrument should be viewed as a tool to as-
sign probability to specific clinical findings as repre-
senting organ involvement with sarcoidosis. Many
believe that because sarcoidosis is a multisystem dis-
ease, the diagnosis requires the presence of granulo-
matous inflammation in at least two organs. It is
unclear if this requirement is universally agreed upon.
Regardless, this instrument assigns a probability for
an additional organ having sarcoidosis based on clin-
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ical criteria if another organ has demonstrated granu-
lomatous inflammation of unknown cause previously.
For clinicians who require that two organs demon-
strate granulomatous inflammation of unknown cause
for sarcoidosis to be diagnosed, this instrument would
allow the diagnosis of sarcoidosis to be established in
many cases without the need to biopsy a second or-
gan.

This instrument is not designed to be used to as-
sess activity or severity of sarcoidosis. Furthermore,
this instrument is not a suggested algorithm to detect
specific sarcoidosis organ involvement. In most cases,
sarcoidosis organ involvement that does not cause
significant symptoms does not require therapy.’
Therefore, there is litte reason in most cases to pur-
sue a diagnosis of sarcoidosis in every possible organ
that may be involved with the disease. Organ involve-
ment may be occult without causing any clinical man-
ifestations, and we are not advocating using this in-
strument to determine if organ involvement is clini-
cally significant. In addition, the instrument is not
designed to determine the need for treatment. It may
be appropriate to treat clinical findings meeting only
possible involvement criteria if the clinician deter-
mines that this is warranted.

This instrument may give guidance as to whether
a clinical diagnosis of sarcoidosis organ involvement
can be made without performing a biopsy to demon-
strate granulomatous inflammation. Taking these in-
dividual clinical scenarios in isolation without regard
to other clinical findings, we would propose that
highly probable or at least probable involvement sug-
gests that scenario is adequate for a clinical diagnosis
of organ involvement. We acknowledge that the pres-
ence of a scenario voted as possible involvement may
be adequate for a clinical diagnosis of sarcoidosis if
additional other clinical findings are present.

There are several limitations of this instrument.
First, the likelihood of each clinical finding described
in the instrument is assigned a probability of repre-
senting sarcoidosis involvement of an organ based on
the assumption that all other alternative causes for
that clinical finding have been “reasonably excluded.”
This instrument provides no metric for this process,
so that the method of excluding alternative diagnoses
is arbitrary. At a minimum, attempts should be made
to exclude mycobacterial infection, fungal infection,
and malignancy. We acknowledge that if a very rigor-
ous process is made to exclude alternative causes for

the clinical findings discussed, that the likelihood of
sarcoidosis could potentially be “upgraded.” Second,
there is no evidence that this instrument identifies
sarcoidosis phenotypes that relate to specific geno-
types or other specific mechanisms of disease. Other
instruments have demonstrated evidence of such as-
sociations, albeit weakly.® It is possible that this in-
strument might function similarly, but that remains
conjectural at this time. Third, the organ manifesta-
tions of sarcoidosis in our instrument are not compre-
hensive. Therefore, several manifestations were not
appraised by the experts and, therefore, are unclassi-
fied. In addition, this instrument did not evaluate
“para-sarcoidosis syndromes” that are often of major
concern to sarcoidosis patients. These are conditions
found frequently in sarcoidosis patients but are not
directly attributable to granulomatous organ involve-
ment and include small fiber neuropathy,” fatigue,™
B depression“x“” and constitutional symptoms such as
fever, weight loss, and malaise.” Finally, similar to
our comments concerning the need for a biopsy in the
preceding paragraph, each of the clinical manifesta-
tions that we assessed in this instrument does not al-
ways occur in isolation. It is possible that if a patient
has evidence of multiple manifestations, each of
which we regard as “probable” sarcoidosis, this may
raise the probability of sarcoidosis to “highly proba-
ble.” However, such an analysis is too complex to be
examined presently.

We acknowledge that our position that highly
probable or probable organ involvement is adequate
for a clinical diagnosis of sarcoidosis involvement in
an organ is arbitrary. Some may prefer to be more rig-
orous and require that organ involvement be highly
probable for sarcoidosis organ involvement to be as-
sumed without performing a confirmatory biopsy. For
these reasons, Table 1 supplies the votes of all the ex-
perts for each clinical condition and designates the
clinical conditions where a consensus was reached
that they were highly probable.

In summary, we have presented an instrument
that we consider useful in assessing the probability of
organ involvement with sarcoidosis. Although we be-
lieve that this instrument will be useful for the clini-
cian and clinical researcher involved with sarcoidosis
patients, we suspect that it will require further modi-
fication over time as additional diagnostic tests are
developed and new medical evidence is generated.
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Summary

Background: Nintedanib is in clinical development as a treatment for idiopathic pulmonary
fibrosis (IPF). Data from the Phase [I TOMORROW study suggested that nintedanib 150 mg twice
daily had clinical benefits with an acceptable safety profile.

Phase | [
Drug therapy;
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“Protein tyrosine
kinases

Methods: The INPULSIS™ trials are replicate Phase Ill, randomized, double-blind, studies
comparing the efficacy and safety of nintedanib 150 mg twice daily with placebo in patients
with IPF. Eligible patients were aged >40 years with a diagnosis of IPF within 5 years before
randomization who had undergone a chest high-resolution computed tomography (HRCT) scan
within 1-year before screening, and who had a forced vital capacity (FVC) of >50% predicted
and a diffusing capacity for carbon monoxide of 30—79% predicted. Participants were random-
ized 3:2 to receive nintedanib or placebo for 52 weeks. The primary endpoint is the annual rate
of decline in FVC. The key secondary endpoints are change from baseline in the total score on
the St. George’s Respiratory Questionnaire (a measure of health-related quality of life) over 52
weeks and time to first acute exacerbation.
Results: Enrolment of 1066 patients in 24 countries was completed in September 2012. Results
will be reported in the first half of 2014.
Conclusion: The INPULSIS™ trials will determine the efficacy of nintedanib in patients with IPF,
including its impact on disease progression as defined by decline in FVC, acute exacerbations
and health-related quality of life. In addition, they will characterise the adverse event profile
of nintedanib in this patient population.

Trial registration: Registered at ClinicalTrials.gov (identifiers: NCT01335464 and
NCT01335477).
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

Introduction

ldiopathic pulmonary fibrosis (IPF) is a specific form of
chronic, progressive fibrosing interstitial pneumonia {1]. An
accurate diagnosis of IPF requires the exclusion of other
known causes of interstitial lung disease, the presence of a
specific radiological pattern of usual interstitial pneumonia
(UIP) determined by high-resolution computed tomography
(HRCT), or specific combinations of HRCT and histopatho-
logic patterns in patients who have undergone surgical lung
biopsy [1]. IPF is considered a rare disease [2]. In a retro-
spective cohort study conducted in the United States using
data from a large healthcare claims database spanning a 5-
year period, the prevalence of IPF was estimated to be 14
to 43 cases per 100,000, and the annual incidence to be 6.8
to 16.3 per 100,000, depending on how cases were defined
[3]. Similarly, in the United Kingdom, the annual incidence
of IPF was estimated to be 7.4 per 100,000 based on pri-
mary care data from 2000 to 2008 [4]. IPF is ultimately a
fatal disease, with a reported median survival time of
approximately 3 years from diagnosis [5]. In addition, the
symptoms of IPF impact negatively on patients’ physical
function and emotional well-being, as well as their health-
related quality of life (HRQolL) [6,7].

An improved understanding of the pathogenic mecha-
nisms underlying IPF over the last decade has resulted in
several agents being evaluated in clinical trials [8] and in
pirfenidone being approved for the treatment of a subgroup
of patients with IPF in several countries. Results of four
large randomized, double-blind, placebo-controlled Phase
11 trials investigating the efficacy and safety of treatments
for IPF are awaited this year: the PANTHER-IPF trial of N-
acetylcysteine (NAC) (NCT00650091), the ASCEND trial of
pirfenidone (NCTO01366209), and the INPULSIS™ trials of
nintedanib (NCT01335464 and NCT01335477).

Nintedanib (formerly known as BIBF 1120) is a potent
tyrosine kinase inhibitor targeting intracellular receptors of
fibroblast growth factor receptor (FGFR), platelet-derived

growth factor receptor (PDGFR), and vascular endothelial
growth factor receptor (VEGFR) [9]. Activation of these
receptor kinases has been implicated in multiple pathways
in the pathogenesis of IPF [10,11]. In vitro studies and an-
imal models suggest that nintedanib has anti-fibrotic and
anti-inflammatory effects that may attenuate the progres-
sion of fibrosis [12,13]. Results from the Phase Il
TOMORROW trial suggested that 12 months’ treatment with
nintedanib 150 mg twice daily results in a reduced rate of
decline in forced vital capacity (FVC), fewer acute exac-
erbations and preservation of HRQoL, measured using the
St. George’s Respiratory Questionnaire (SGRQ) [14]. The
purpose of this manuscript is to describe the design of the
INPULSIS™ studies, two replicate Phase 11l trials that further
investigate the efficacy and safety of nintedanib 150 mg
twice daily compared with placebo in patients with IPF.

Methods
Trial design

Both the INPULSIS™ trials are multinational, randomized,
double-blind, parallel-group studies comparing the efficacy
and safety of nintedanib 150 mg twice daily with placebo in
patients with IPF., The INPULSIS™ trials were initiated in
May 2011 and enrolment (n = 1066) was completed in
September 2012. Patients were recruited in 24 countries in
the Americas, Europe, Asia and Australia. Following a
screening period, eligible patients were randomized 3:2
(using an interactive phone/web response system) to
receive nintedanib or placebo for 52 weeks (Fig. 1). Each
study concluded with a 4-week follow-up period after
completion of the 52-week treatment period. A 3:2 ratio
was chosen to aid enrolment. In order to reduce the amount
of missing data, patients who discontinued trial drug, for
any reason, prior to completing the 52 weeks’ treatment
were asked to attend all visits and undergo all examinations
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Nintedanib 150 mg twice daily

Screening 4-week
Placebo follow-up
Visit 1 2 3 4 5 6 6a 7 7a 8 8a 9/EOT FU
L | | | | | H | ! | H L |
I I l 1 i | i | t ] 1 1 H
Week 0 2 4 6 12 18 24 30 36 44 52 56

Figure 1 INPULSIS™ trial design. R, randomization (3:2 ratio for nintedanib:placebo); EOT, end of treatment; FU, follow-up. FVC
was measured at all visits except visits 6a, 7a and 8a, which were for blood sampling for laboratory tests only.

as originally planned. In addition, vital status at week 52
was to be collected for all patients who prematurely dis-
continued but did not agree to attend all visits until week
52.

For each trial, the sample size was calculated to provide
90% power to detect a difference of 100 mL/year between
the treatment groups in the rate of FVC decline. Based on
the Phase Il TOMORROW trial data, the common standard
deviation for change from baseline in FVC was assumed to
be 300 mL. Assuming data from 2% of patients would be
non-evaluable, the sample size was calculated as 194 pa-
tients in the placebo group and 291 patients in the ninte-
danib 150 mg twice daily group if using a 2 group t-test at a
1-sided 2.5% level. Since the primary analysis is a random
coefficient regression model, including adjustment for
several variables and taking into account information
across time rather than at a single time-point, it is ex-
pected that the power will be greater than the 90% calcu-
lated for the t-test.

As in the Phase || TOMORROW trial, dose interruption
and/or reduction of the dose from 150 mg twice daily to
100 mg twice daily was allowed for the management of
adverse events. After an adverse event had resolved, the
dose could be reinstituted at 150 mg twice daily. The in-
vestigators were provided with guidelines on the manage-
ment of diarrhoea, a known side-effect related to
treatment with tyrosine kinase inhibitors [15,16]. Guide-
lines on the management of liver enzyme elevations were
also provided to the investigators. Patients who completed
the 52-week treatment period and the 4-week follow-up
period in the INPULSIS™ trials were invited to participate
in an open-label extension trial (NCT01619085).

Trial organisation and oversight

The INPULSIS™ trials were guided by an advisory committee
consisting of clinical experts in IPF and representatives of
the sponsor, Boehringer Ingelheim. An independent Data
Monitoring Committee (DMC) regularly reviewed the data,
in particular serious adverse events, adverse events leading
to discontinuation of study drug, and laboratory parame-
ters, and made recommendations to the sponsor about the
continuation of the trials. An Adjudication Committee
reviewed medical documentation for all deaths to evaluate
the primary cause of death in a blinded manner. This

committee also adjudicated all events reported by the in-
vestigators as meeting the criteria for an acute exacerba-
tion of IPF as defined in the protocol, classifying them as a
confirmed acute exacerbation, suspected acute exacerba-
tion, or not an acute exacerbation.

Both trials were conducted in accordance with the
principles of the Declaration of Helsinki and the Harmo-
nized Tripartite Guideline for Good Clinical Practice from
the International Conference on Harmonization and were
approved by local authorities. The clinical trial protocol
was approved by an Independent Ethics Committee and/or
Institutional Review Board at all the participating centres.
All patients provided written informed consent prior to
study entry.

Patients

To be eligible to participate in the INPULSIS™ trials, pa-
tients had to be >40 years of age with a diagnosis of IPF
established within 5 years before randomization, to have
undergone chest HRCT within 12 months before screening,
and to have an FVC >50% of predicted value [17] and a
carbon monoxide diffusion capacity (DLco) of 30-79% of
predicted value [18]. The diagnosis of IPF was established
based on the central review of chest HRCT scans from all
patients by an expert radiologist (DMH) according to
protocol-specified criteria (Table 1). Surgical lung biopsy
specimens were also centrally evaluated if available by an
expert pathologist (AGN).

Table 1 Diagnostic criteria for IPF based on chest HRCT if
surgical lung bio'psy was not available. To qualify for a
diagnosis of IPF if a surgical lung blopsy was not available,
the criteria A and B and C; or cntena A and C; or criteria B
and C had to be met. ,
A Definite honeycomb lung déstructiOn with
basal and peripheral predominance

B Presence of reticular abnormality and

traction bronchiectasis consmtent w1th ﬁbr0515

if present ls"less
‘ extenswe than retlcular opacity pattern SR i
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Patients with abnormal laboratory parameters (liver
transaminases or bilirubin above 1.5-fold upper limit of
normal), cardiac disease (i.e. myocardial infarction within
6 months or unstable angina within 1 month of randomi-
zation), or who, in the opinion of the investigator, were
likely to receive a lung transplant during the study were not
permitted to enter the trial. Patients who were taking full-
dose anticoagulant therapy or high-dose antiplatelet ther-
apy at screening, or had received treatment with NAC or
prednisone >15 mg/day or equivalent within 2 weeks of
screening, or pirfenidone, azathioprine, cyclophospha-
mide, cyclosporine A or any investigational drug within 8
weeks of screening, were excluded. Concomitant therapy
with prednisone <15 mg/day or equivalent was permitted if
the dose had been stable for >8 weeks prior to screening.
Patients who experienced deterioration, as judged by the
investigator, were permitted to receive concomitant
treatment with azathioprine, cyclophosphamide, cyclo-
sporine A, NAC, or prednisone >15 mg/day or equivalent at
the discretion of the investigator 6 months or more after
starting to receive study medication. In cases of acute
exacerbation, any treatments could be freely initiated or
increased as deemed appropriate by the investigator.
However, pirfenidone and any investigational treatments
for IPF were not allowed throughout the trial.

Qutcome measures

The primary endpoint for the INPULSIS™ trials is the annual
rate of decline in FVC (mlL/year), calculated from mea-
surements obtained over the 52 weeks of treatment
(Fig. 7). Spirometry testing was conducted according to
ATS/ERS criteria, including daily calibration of the spirom-
eter, regular calibration of the calibration pump and FVC
tests conducted in triplicate, with the highest result
selected [19]. All spirometry was performed on sponsor-
provided machines and ongoing feedback and training
were provided.

FVC

Baseline2 4 6 12 24

Week

Figure 2

The key secondary endpoints are change from baseline
in SGRQ total score over 52 weeks and time to first acute
exacerbation. Acute exacerbations were defined as events
meeting all of the following criteria: unexplained worsening
or development of dyspnoea within 30 days, new diffuse
pulmonary infiltrates on chest X-ray and/or HRCT, or
parenchymal abnormalities with no pneumothorax or
pleural effusion (new ground-glass opacities) since last
visit. Causes of the acute worsening, including infection,
left heart failure, pulmonary embolism or any identifiable
cause of acute lung injury were to be excluded as per
routine clinical practice and microbiological studies.
Investigator-reported exacerbations were adjudicated by
the Adjudication Committee. Other secondary endpoints
include absolute changes from baseline in FVC (mL and %
predicted); proportion of FVC responders (patients who did
not have an absolute decline in FVC % predicted of >5% or
>10%); risk of an acute exacerbation; change from baseline
in SpO; (oxygen saturation) at rest; change from baseline in
DLco at rest (measured in accordance with ATS/ERS
guidelines [201); all-cause, respiratory, and ‘on-treatment’
time to death. Composite endpoints of time to death or
lung transplant, and time to death or lung transplant or
meeting arbitrary pre-defined criteria for lung transplant
(FVC <45% predicted or DLco <30% predicted or SpO, <88%
at rest) were also included in order to capture a range of
outcomes indicating an unfavourable clinical course.

Further patient-reported outcomes (PROs) investigated
in the INPULSIS™ trials are the change from baseline to
week 52 in the score on the three SGRQ domains (impact,
symptoms, activity) [21], SGRQ-I [22], University of Cali-
fornia San Diego Shortness of Breath Questionnaire [UCSD-
SOBQ] [23], EuroQol 5-dimensional quality of life ques-
tionnaire [EQ5D], Cough and Sputum Assessment Ques-
tionnaire cough domains [CASA-Q(CD)] [24]; the proportion
of 4-point responders on SGRQ total score; and the pro-
portion of responders on Patient’s Global Impression of
Change (PGI-C). Safety assessment will include reporting of

Follow
up

36 52

Methodology for calculating slope of FVC decline. The primary endpoint will be analysed using a random coefficient

regression (random slopes and intercepts) model, including gender, age and height as covariates. Visits are planned at 2, 4, 6, 12,
24, 36 and 52 weeks after randomization. All available FVC values except the value from the follow-up visit will be used in this
analysis except for patients who prematurely discontinue trial medication, in which case the value from the follow-up visit will also

be used.
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adverse events; assessment of vital signs, physical exami-
nation and weight; clinical laboratory tests (haematology,
clinical chemistry and urinalysis).

Statistical analysis

Efficacy and safety analyses will be conducted on patients
who were randomized to treatment (nintedanib or placebo)
and received >1 dose of study medication. The annual rate
of decline in FVC will be primarily analysed using a random
coefficient regression (random slopes and intercepts)
model including gender, age and height as covariates. Al
available FVC values from baseline to week 52 will be used
in the primary model, including FVC measurements from
the follow-up visit for patients who prematurely dis-
continued trial medication and did not complete study
visits until week 52. A linear model was chosen as in this
patient population, FVC is expected to decline linearly over
time. However, a number of alternative and sensitivity
analyses have been pre-specified in the statistical analysis
plan, such as change from baseline to week 52 in FVC and
other functional forms for the rate of decline (quadratic
and exponential) to assess the robustness of the linear
model. Model assumptions also include a normal distribu-
tion for the intercepts and slopes with an arbitrary
covariance matrix. An unstructured variance-covariance
structure will be used to model within-patient measure-
ments. The variance-covariance matrix, modeled to esti-
mate the inter-individual variability, will be considered to
have a Variance-Components structure. The Roger-Kenward
approximation will be used to estimate denominators de-
grees of freedom.

Change from baseline in SGRQ total score over 52 weeks
will be primarily analysed using mixed model repeated
measures (MMRM) with treatment and visit as fixed effects,
baseline SGRQ total score as a covariate, and treatment-by-
visit and baseline-by-visit as interaction terms. The patient
effect will be assumed to be random and compound sym-
metry covariance structure will be assumed for within-
patient variation.

Kaplan—Meier estimates will be derived for the proba-
bility of a first acute exacerbation over time, and time to
first acute exacerbation will be primarily analysed using the
log rank test. The hazard ratios and their confidence in-
tervals will be computed using a Cox proportional hazards
model adjusted for gender, age and height. These cova-
riates were chosen in order to be consistent with the ana-
lyses performed in the Phase Il TOMORROW trial [14] and
are the same covariates as included in the primary endpoint
model. The key secondary endpoint uses data on acute
exacerbations as reported by the site investigators, in
keeping with the Phase Il methodology. Events adjudicated
as confirmed or suspected acute exacerbations by the
Adjudication Committee will be assessed in a sensitivity
analysis of data pooled from both INPULSIS™ trials.

A hierarchical procedure will be used to demonstrate
the superiority of nintedanib over placebo for the primary
and key secondary endpoints. The consecutive steps of the
hierarchy will only be considered if the previous step is
significant at the 1-sided 2.5% level and the results are in
favour of nintedanib. Two hierarchies of endpoints, with a

different order of the key secondary endpoints for sub-
missions to US and EU/rest of world regulatory authorities,
will be tested. For the US submission, time to first acute
exacerbation is the first key secondary endpoint; for the
EU/rest of world submissions, change from baseline in SGRQ
total score over 52 weeks is the first key secondary
endpoint. No hierarchy will be used for the other secondary
endpoints.

Absolute and relative changes from baseline in FVC over
52 weeks will be analysed using MMRM, with treatment and
visit as fixed effects and baseline value, gender, age and
height as covariates, and treatment-by-visit and baseline-
by-visit as interaction terms. Changes in other respiratory
parameters will be analysed in the same way as change in
FVC. Changes in other PROs will be analysed in the same
way as change in SGRQ total score.

For the survival analyses, a log rank test will be used to
compare treatment groups and a Cox model adjusted for
gender, age and height will be used to determine hazard
ratios. These covariates were chosen in order to be
consistent with the analyses performed in the Phase I
TOMORROW trial [14] and are the same covariates as
included in the primary endpoint model. Since the number
of deaths is expected to be low, the protocol specified that
survival analyses will additionally be performed on the
pooled data from both INPULSIS™ trials. Safety analyses will
be descriptive.

Sensitivity analyses will be performed to assess the
robustness of the results of the primary and key secondary
endpoints. Model assumptions will be checked and sensi-
tivity to data handling, including missing data handling, will
be assessed. In order to improve the precision of the
treatment effect estimates for the efficacy endpoints and
to increase the size of the safety database, a pooled
analysis of the two trials was pre-specified as an additional
supportive analysis.

Discussion
Rationale for dose selection

The dose of nintedanib used in the INPULSIS™ trials was
selected based on findings from the 12-month Phase I
TOMORROW study [14]. In the TOMORROW trial, the annual
rate of decline in FVC in the nintedanib 150 mg twice daily
group was —0.06 L (95% Cl, —0.14 to 0.02) compared with
—0.19 L (95% CI, —0.26 to —0.12) in the placebo group: a
difference of 0.13 L (95% Ci, 0.03—0.24). In addition,
treatment with nintedanib 150 mg twice daily was associ-
ated with preservation of HRQoL (mean change in SGRQ
total score of —0.66 [95% Cl, —4.02 to 2.71] versus 5.46 [95%
Cl, 2.06, 8.86] with placebo: a difference of —6.12 [95% ClI,
—10.57 to —1.67]) and a reduction in the risk of acute ex-
acerbations (risk ratio compared with placebo: 0.16 [95%
Cl, 0.03 to 0.70]).

Rationale for endpoints
The most robust primary endpoint for Phase Ill clinical trials

in IPF is all-cause mortality [25]. However, the mortality
rate of patients enrolled in the TOMORROW trial was low,
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and it was assessed that it was not feasible to use mortality
as the primary endpoint in the INPULSIS™ trials. Based on
the 1-year survival rates observed in the TOMORROW study
(89.2% of patients in the placebo group and 91.7% of pa-
tients in the nintedanib 150 mg twice daily group) it was
calculated that a 1-year trial would require the inclusion of
a total of approximately 6000 patients to provide 90%
power to detect a difference between groups with a 2-sided
p-value of 5%.

In the absence of an alternative explanation, a decrease
in FVC in patients with IPF is consistent with progressive
disease [1] and has been shown to be associated with
reduced survival time in patients with IPF [26—32]. Change
in FVC over 1 year has been used as a primary endpoint for
Phase IlI clinical trials in patients with IPF [25,33]. The
annual rate of decline in FVC — the primary endpoint in the
INPULSIS™ trials — uses all the FVC values collected during
the trial. This was considered to be a more robust meth-
odology than using only the FVC value from baseline and 52
weeks because it enables calculation of the rate of decline
even in patients without a week 52 value.

Several PROs for the assessment of the symptoms of IPF
and the broader construct of HRQoL have been included as
secondary endpoints in the INPULSIS™ trials. The SGRQ,
chosen as a key secondary endpoint in the INPULSIS™ trials,
has demonstrated acceptable psychometric characteristics
in patients with IPF, including construct validity, reliability,
and ability to detect change over time [22,34—-36]. The two
PROs used to assess dyspnoea, the UCSD-SOBQ and CASA-Q
(CD), have been shown to have content validity in patients
with IPF [37], with the UCSD-SOBQ also shown to detect
change over time [36,38].

In the INPULSIS™ trials, acute exacerbations reported by
the investigators will be assessed as a key secondary
endpoint, as was done in the Phase Il TOMORROW trial, in
which a clinically relevant efficacy signal on acute exac-
erbations was observed. Furthermore, recent data suggest
that suspected acute exacerbations (events that the
investigator thinks are acute exacerbations but that cannot
be adjudicated as acute exacerbations due to missing data
or criteria) are clinically indistinguishable from confirmed
acute exacerbations defined according to the consensus
diagnostic criteria [39] and that both are clinically mean-
ingful events [40]. Investigator-identified acute exacerba-
tions were felt to best capture both definite and suspected
acute exacerbations.

Conclusions

The INPULSIS™ trials will investigate the efficacy of nin-
tedanib in patients with IPF, including its impact on dis-
ease progression as defined by decline in FVC, acute
exacerbations and HRQoL. In addition, the data collected
will characterise the adverse event profile of nintedanib
in this patient population. The INPULSIS™ trials will
report results in the first half of 2014. Together with the
results of the other large ongoing randomized placebo-
controlled ftrials in IPF, the INPULSIS™ trials will add
significantly to scientific understanding of the natural
history of IPF and will have potential implications for
disease management.
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ABSTRACT

BACKGROUND

Nintedanib (formerly known as BIBF 1120) is an intracellular inhibitor that targets
multiple tyrosine kinases. A phase 2 trial suggested that treatment with 150 mg of
nintedanib twice daily reduced lung-function decline and acute exacerbations in
patients with idiopathic pulmonary fibrosis.

METHODS

We conducted two replicate 52-week, randomized, double-blind, phase 3 trials
(INPULSIS-1 and INPULSIS-2) to evaluate the efficacy and safety of 150 mg of
nintedanib twice daily as compared with placebo in patients with idiopathic pul-
monary fibrosis. The primary end point was the annual rate of decline in forced
vital capacity (FVC). Key secondary end points were the time to the first acute
exacerbation and the change from baseline in the total score on the St. George’s
Respiratory Questionnaire, both assessed over a 52-week period.

RESULTS
A total of 1066 patients were randomly assigned in a 3:2 ratio to receive nintedanib
or placebo. The adjusted annual rate of change in FVC was —114.7 ml with nintedanib
versus —239.9 ml with placebo (difference, 125.3 ml; 95% confidence interval [CI],
77.7 to 172.8; P<0.001) in INPULSIS-1 and —113.6 m! with nintedanib versus —207.3 ml
with placebo (difference, 93.7 ml; 95% CI, 44.8 to 142.7; P<0.001) in INPULSIS-2.
In INPULSIS-1, there was no significant difference between the nintedanib and placebo
groups in the time to the first acute exacerbation (hazard ratio with nintedanib,
1.15; 95% CI, 0.54 to 2.42; P=0.67); in INPULSIS-2, there was a significant benefit
with nintedanib versus placebo (hazard ratio, 0.38; 95% CI, 0.19 to 0.77; P=0.005).
The most frequent adverse event in the nintedanib groups was diarrhea, with rates
of 61.5% and 18.6% in the nintedanib and placebo groups, respectively, in
INPULSIS-1 and 63.2% and 18.3% in the two groups, respectively, in INPULSIS-2.

CONCLUSIONS
In patients with idiopathic pulmonary fibrosis, nintedanib reduced the decline in
FVC, which is consistent with a slowing of disease progression; nintedanib was fre-
quently associated with diarrhea, which led to discontinuation of the study medica-
tion in less than 5% of patients. (Funded by Boehringer Ingelheim; INPULSIS-1 and
INPULSIS-2 ClinicalTrials.gov numbers, NCT01335464 and NCT01335477.)
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' DIOPATHIC PULMONARY FIBROSIS IS A FATAL
lung disease characterized by worsening dys-
~..pnea and progressive loss of lung function.*
A decline in forced vital capacity (FVC) is consis-
tent with disease progression and is predictive of
reduced survival time.*¢

Idiopathic pulmonary fibrosis is believed to
arise from an aberrant proliferation of fibrous
tissue and tissue remodeling due to the abnor-
mal function and signaling of alveolar epithelial
cells and interstitial fibroblasts.” The activation
of cell-signaling pathways through tyrosine ki-
nases such as vascular endothelial growth fac-
tor (VEGF), fibroblast growth factor (FGF), and
platelet-derived growth factor (PDGF) has been
implicated in the pathogenesis of the disease.31°

Nintedanib (formerly known as BIBF 1120) is
an intracellular inhibitor that targets multiple
tyrosine kinases, including the VEGF, FGF, and
PDGF receptors.’* The results of an earlier trial
(To Improve Pulmonary Fibrosis with BIBF 1120
[TOMORROW]), a randomized, double-blind,
placebo-controlled, phase 2 dose-finding study
involving 432 patients with idiopathic pulmonary
fibrosis, suggested that 12 months of treatment
with 150 mg of nintedanib twice daily was asso-
ciated with a reduced decline in FVC, fewer acute
exacerbations, and the preservation of health-
related quality of life.** We conducted two repli-
cate phase 3 trials (INPULSIS-1 and INPULSIS-2)
to evaluate the efficacy and safety of treatment
with 150 mg of nintedanib twice daily in patients
with idiopathic pulmonary fibrosis.

METHODS

STUDY DESIGN AND OVERSIGHT
The INPULSIS studies were randomized, double-
blind, placebo-controlled, parallel-group trials
performed at 205 sites in 24 countries in the
Americas, Burope, Asia, and Australia. An inde-
pendent data monitoring committee regularly
reviewed the data, particularly serious adverse
events, adverse events leading to discontinuation
of the study drug, and the results of laboratory
analyses, and made recommendations concern-
ing the continuation of the trials. An adjudica-
tion committee that was independent of the in-
vestigators and whose members were unaware of
the group assignments reviewed medical docu-
mentation to adjudicate the primary cause of
all deaths. The committee also adjudicated all

URNAL of MEDICINE

adverse events reported by site investigators as
acute exacerbations, in order to determine wheth-
er the events met the criteria for an acute exacer-
bation of idiopathic pulmonary fibrosis as de-
fined in the protocol, available with the full text
of this article at NEJM.org. The members of these
committees are listed in Section B in the Supple-
mentary Appendix, also available at NEJM.org.

Both trials were conducted in accordance with
the principles of the Declaration of Helsinki and
the Harmonized Tripartite Guideline for Good
Clinical Practice from the International Confer-
ence on Harmonization and were approved by
local authorities. The clinical protocol was ap-
proved by an independent ethics committee or
institutional review board at each participating
center. All patients provided written informed
consent before study entry.

All the authors were involved in the design of
the study and had access to the data, which were
analyzed by the study sponsor, Boehringer Ingel-
heim. All the authors vouch for the accuracy and
completeness of the data analyses and the fidel-
ity of each study to the protocol. The protocol
and statistical analysis plans are available at
NEJ/M.org. The manuscript was drafted by the
first, second, and last authors and revised by all
the authors. Medical writing assistance, paid for
by Boehringer Ingelheim, was provided by the
Fleishman-Hillard Group.

PATIENTS
Patients were eligible to participate in the two
trials if they were 40 years of age or older and
had received a diagnosis of idiopathic pulmonary
fibrosis within the previous 5 years. Additional
eligibility criteria were an FVC that was 50% or
more of the predicted value, a diffusion capacity
of the lung for carbon monoxide (DLcO) that was
30 to 79% of the predicted value, and high-reso-
lution computed tomography (HRCT) of the chest
performed within the previous 12 months. HRCT
images (for all patients) and lung-biopsy speci-
mens (if available) were reviewed centrally by a
single radiologist and a single pathologist to verify
eligibility according to the protocol. Eligibility cri-
teria with regard to findings on HRCT and surgi-
cal lung biopsy are shown in Table S1 and Table S2,
respectively, in the Supplementary Appendix.
Concomitant therapy with up to 15 mg of
prednisone per day, or the equivalent, was per-
mitted if the dose had been stable for 8 or more
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weeks before screening; patients receiving other
therapies for idiopathic pulmonary fibrosis,
including high-dose prednisone, azathioprine,
N-acetylcysteine, and any investigational treat-
ments for idiopathic pulmonary fibrosis, were
excluded. After 6 months of study treatment,
patients whose condition had deteriorated could
receive azathioprine, cyclophosphamide, cyclo-
sporine, N-acetylcysteine, or more than 15 mg of
prednisone per day, or the equivalent, at the dis-
cretion of the investigator. In cases of acute exac-
erbation reported by an investigator at any time
during the trial, any treatments could be initiated
or doses increased as deemed appropriate by the
investigator. Other key exclusion criteria are listed
in Section C in the Supplementary Appendix.

STUDY PROTOCOL
After a screening period, eligible patients were
randomly assigned in a 3:2 ratio to receive 150 mg
of nintedanib twice daily or placebo for 52 weeks.
An interactive telephone and Web-based response
system was used to perform randomization.
Patients, investigators, and the study sponsor
were unaware of the study-group assignments
throughout the study. Completion of the 52-week
treatment period was followed by a follow-up visit
4 weeks later. Spirometric tests were conducted
at baseline; at 2, 4, 6, 12, 24, 36, and 52 weeks;
and at the follow-up visit. Spirometric testing
was conducted in accordance with criteria pub-
lished by the American Thoracic Society and the
European Respiratory Society.** All spirometric
measurements were performed on machines pro-
vided by the sponsor, and the results were cen-
trally reviewed, with training and ongoing feed-
back provided for the site investigators.

Dose interruption or reduction of the dose
from 150 mg twice daily to 100 mg twice daily
was allowed for the management of adverse
events. After an adverse event had resolved, the
dose could be reinstituted at 150 mg twice daily.
The site investigators were provided with recom-
mendations for the management of diarrhea and
elevated levels of liver enzymes. To minimize the
amount of missing data, patients who discontin-
ued the study drug prematurely were asked to
attend all scheduled visits and to undergo all
examinations as originally planned. For patients
who discontinued the drug prematurely but did
not agree to attend all visits, data on vital status
were collected at week 52.

END POINTS

The primary end point for both INPULSIS trials
was the annual rate of decline in FVC (measured
in milliliters per year). Key secondary end points
were the time to the first acute exacerbation (as
reported by a site investigator) and the change
from baseline in the total score on the St.
George’s Respiratory Questionnaire (SGRQ), both
assessed over the 52-week treatment period. The
SGRQ is a self-administered questionnaire that
is used to assess health-related quality of life. It
comprises three domains (symptoms, activity,
and impact). The total score and the score for
each domain range from 0 to 100, with higher
scores indicating worse health-related quality of
life.115 A minimally important difference in the
score has not been established for patients with
idiopathic pulmonary fibrosis; in patients with
chronic obstructive pulmonary disease, this dif-
ference is 4 points.’® Patients completed the SGRQ
at baseline and at 6, 12, 24, and 52 weeks. Acute
exacerbations were defined as events meeting all
of the following criteria: unexplained worsening
or development of dyspnea within the previous
30 days; new diffuse pulmonary infiltrates visu-
alized on chest radiography, HRCT, or both, or
the development of parenchymal abnormalities
with no pneumothorax or pleural effusion (new
ground-glass opacities) since the preceding visit;
and exclusion of any known causes of acute wors-
ening, including infection, left heart failure, pul-
monary embolism, and any identifiable cause of
acute lung injury, in accordance with routine clin-
ical practice and microbiologic studies. All acute
exacerbations reported by the site investigators
were categorized by the adjudication committee,
whose members were unaware of the study-group
assignments, as confirmed or suspected or were
not considered to be an acute exacerbation accord-
ing to prespecified criteria.’”

Other prespecified secondary end points in-
cluded the absolute change from baseline in FVC
(in milliliters and as a percentage of the pre-
dicted value) over the 52-week treatment period,
the proportion of patients with an FVC response
(defined as the proportion of patients in whom
the percentage of predicted FVC did not decline
by more than 5 percentage points or by more
than 10 percentage points at week 52), the risk
of an acute exacerbation, the change from base-
line in SGRQ domain scores over the 52-week
treatment period, death from any cause, death
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from a respiratory cause, and death that oc-
curred between randomization and 28 days after
the last dose of the study drug. All mortality end
points were measured as the time to death.
Safety was assessed by means of clinical and
laboratory evaluation at study visits and the re-
cording of adverse events.

STATISTICAL ANALYSIS

Efficacy and safety analyses were conducted for pa-
tients who were randomly assigned to a study group
and received at least one dose of the study medi-
cation. The primary end point was analyzed with
the use of a random coefficient regression model
(with random slopes and intercepts) that includ-
ed sex, age, and height as covariates. The treat-
ment effect was determined by using estimated
slopes for each study group (on the basis of the
time-by-treatment interaction term from the
mixed model). All available FVC values from base-
line to week 52 were used in the primary model,
including FVC measurements at the follow-up
visit for patients who discontinued the study
medication prematurely and did not complete the
study visits through week 52. The statistical
model used for the primary analysis allowed for
missing data, assuming that they were missing
at random; missing data were not imputed for
the primary analysis, but data collected after dis-
continuation of the study drug were used in the
primary analysis. Significance tests were two-
sided, with an alpha value of 0.05.

The superiority of nintedanib over placebo
with respect to the primary and key secondary
end points was tested with the use of a hierar-
chical procedure to account for multiple com-
parisons (see Section D in the Supplementary
Appendix). Sensitivity analyses were performed
to assess the robustness of the results for the
primary and key secondary end points. Multiple
imputation sensitivity analyses were performed
to assess the effect of missing data and provide
estimates of the treatment effect under different
assumptions about missing data (Fig. S2 in the
Supplementary Appendix). For the time to the
first acute exacerbation, a sensitivity analysis
based on the occurrence of confirmed or sus-
pected acute exacerbations (as determined by the
adjudication committee) in pooled data from the
two trials was prespecified.

The frequency and severity of adverse events
were documented according to the Medical Diction-

N ENGL) MED 370;22

ary for Regulatory Activities, version 16.1. Safety
analyses were descriptive. For information on
the statistical analysis of other end points, see
Section D in the Supplementary Appendix.

For each trial, the sample size was calculated
to provide 90% power to detect a between-group
difference of 100 ml in the annual rate of FVC
decline. On the basis of data from the phase 2
trial, the standard deviation for the change in
FVC from baseline was assumed to be 300 ml in
both groups. Assuming that it would not be pos-
sible to evaluate data for 2% of patients, the
sample size was calculated as 194 patients in the
placebo group and 291 patients in the ninteda-
nib group for a two-group t-test at a one-sided
significance level of 2.5%. Since the primary
analysis was based on a random coefficient re-
gression model that included adjustment for sev-
eral variables and took into account information
across time, we expected that the power would
be greater than the 90% calculated for the t-test.

RESULTS

PATIENTS
Between May 2011 and September 2012, a total
of 1066 patients underwent randomization:
515 patients in INPULSIS-1 and 551 patients in
INPULSIS-2 (Fig. S1 in the Supplementary Ap-
pendix). In INPULSIS-1, a total of 513 patients
received at least one dose of the study medica-
tion (309 received nintedanib and 204 received
placebo). A total of 78 patients (25.2%) in the
nintedanib group and 36 patients (17.6%) in the
placebo group discontinued the study medica-
tion prematurely. Of these patients, 31 (39.7%)
in the nintedanib group and 11 (30.6%) in the
placebo group completed visits up to week 52.
The most frequent reason for premature discon-
tinuation of the study medication was at least
one adverse event (65 patients [21.0%] in the
nintedanib group and 24 [11.8%)] in the placebo
group). In INPULSIS-2, a total of 548 patients
received at least one dose of the study medica-
tion (329 received nintedanib and 219 received
placebo). A total of 78 patients (23.7%) in the nin-
tedanib group and 44 patients (20.1%) in the pla-
cebo group discontinued the study medication
prematurely. Of these patients, 26 (33.3%) in
the nintedanib group and 10 (22.7%) in the pla-
cebo group completed visits up to week 52. The
most frequent reason for premature discontinu-
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ation of the study medication was at least one
adverse event (62 patients [18.8%)] in the nin-
tedanib group and 35 [16.0%] in the placebo
group). The proportion of patients with missing
FVC data at week 52 was approximately 15%;
the proportion of patients with missing data did
not differ significantly between the nintedanib
and placebo groups (Fig. S2 in the Supplementary
Appendix).

In each trial, the baseline characteristics of
patients in the nintedanib and placebo groups
were similar (Table 1, and Table S3 in the Sup-
plementary Appendix). The mean duration of
exposure to the study drug in the nintedanib
and placebo groups was similar (approximately
45 weeks in each trial), but a higher proportion
of patients in the nintedanib group than in the
placebo group had dose reductions or interrup-

Table 1. Baseline Characteristics of Patients in INPULSIS-1 and INPULSIS-2.*

Characteristic

Male sex — no. (%)

Age —yr

Weight — kg

Body-mass indext}

Smoking status — no. (%)
Never smoked
Former smoker
Current smoker

Time since diagnosis of idiopathic pulmonary fibrosis

—yr
Specimen from surgical lung biopsy available
— no. (%)
Systemic corticosteroid therapy — no. (%)
FvC
Mean — ml
Median — ml

Percentage of predicted value
FEV,:FVC (%)
DiLco

mmol/min/kPa

Percentage of predicted value§
Spo, —%
Total SGRQ scoreq

INPULSIS-1 INPULSIS-2
Nintedanib Placebo Nintedanib Placebo
(N=309)  (N=204) (N=329)  (N=219)
251 (81.2) 163 (79.9) 256 (77.8) 171 (78.1)
66.9+8.4 66.9:+8.2 66.4+7.9 67.1£7.5
82.0+16.8 81.2+16.3 76.6+15.9 76.3x£16.5
28.6x4.5 28.1+4.6 27.6+4.6 27.2+4.5
71(23.0) 51 (25.0) 103 31.3) 71 (324)
217 (70.2) 144 (70.6) 218 (66.3) 139 (63.5)
21 (6.8) 9 (4.4) 8 (2.4) 9 (4.1)
1.7+1.4 l.6+1.4 1.6+1.3 1.6+1.3
60 (19.4) 33 (16.2) 84 (25.5)  52(23.7)
68 (22.0) 43 (2L.1) 63 (20.7) 46 (21.0)
2757£735 2845+820 2673776 2619x787
2700 2721 2615 2591
79.5+17.0 80.5+17.3 80.0+18.1 78.1+19.0
81.5+5.4 80.8+6.1 81.8+6.3 82.4+5.7
4,0£1.2 4.0+1.1 3.8+1.2 3.7+1.3
47.8+12.3 47.5+11.7 47.0+14.5 46.4+14.8
95.9+2.0 95.9+1.9 95.8+2.6 95.7x2.1
39.6x17.6 39.8+18.5 39.5£20.5 39.4+18.7

* Plus—minus values are means +SD. FEV, denotes forced expiratory volume in 1 second, FVC forced vital capacity, and

Spo, oxygen saturation of peripheral blood.

 The body-mass index is the weight in kilograms divided by the square of the height in meters.
I Prednisone at a dose of no more than 15 mg per day or the equivalent was permitted if the dose had been stable for at

least 8 weeks before screening.

§ The percentage of the predicted value for the diffusion capacity of the lung for carbon monoxide (Drco) was calculated
with the use of the equation described by the European Community for Steel and Coal in Cotes et al.'® In INPULSIS-2,

data were available for 218 patients in the placebo group.

9 In INPULSIS-1, the total score on the St. George’s Respiratory Questionnaire (SGRQ) was available for 298 patients
in the nintedanib group and 202 patients in the placebo group; in INPULSIS-2, the total SGRQ score was available for
326 patients in the nintedanib group and 217 patients in the placebo group. The total score ranges from 0 to 100, with

higher scores indicating worse health-related quality of life.
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Figure 1. Annual Rate of Decline and Change from Baseline over Time in Forced Vital Capacity (FVC) in INPULSIS-1 and INPULSIS-2, According to Study Group.

Between-group differences (the FVC value in the nintedanib group vs. the value in the placebo group) are shown for the adjusted rate of decline in FVC (Panels A and C) and the
mean observed change from baseline at week 52 (Panels B and D). I bars indicate standard errors for the adjusted annual rate of decline in FVC and the observed change from

baseline.
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tions (Table S4 in the Supplementary Appendix). o
The dose intensity — the amount of drug admin- 53 3 R 3 S
. .. s < hd S - £0
istered divided by the amount that would have > g 9 s © Zs
been administered had the regimen of 150 mg g%
twice daily been followed throughout the study 2 g =
or until permanent discontinuation of the study & T _ a & @ §
medication — was more than 90% in 75.9% of 8 z O w2 ~ 3 IR § i”
patients in the nintedanib groups. ég jé g2 ~ 2 5 :NE o § gg
s~ o = 4 o | 5@
LUNG FUNCTION al £ = D et
In both trials, the adjusted annual rate of change % = 73 =
in FVC was significantly lower in the nintedanib 2 L 32 g
group than in the placebo group. In INPULSIS-1, £ E 2 o @ g é g
the rate was —114.7 ml per year in the nintedanib = ) & 7 e oS =3
group as compared with -239.9 ml per year in < ° A 53
the placebo group, representing a difference of ;}g
125.3 ml per year (95% confidence interval [CI], o & & £
77.7 to 172.8; P<0.001) (Fig. 1A). In INPULSIS-2, S8 o o 2 2 |53
the rate was ~113.6 ml per year in the nintedanib g4 9 7 o g S8
group as compared with —207.3 ml per year in z~ - o "C;‘f:
the placebo group, representing a difference of v £
93.7 ml per year (95% CI, 44.8 to 142.7; P<0.001) ;:; s g g 3 :g £
(Fig. 1C). In both trials, the results of prespeci- > < < s g 25
fied sensitivity analyses were consistent with R
the results of the primary analysis (Fig. S2 in the Jg -§ ol
Supplementary Appendix). In particular, in the i T s = | o §L
. . . . U o~ 5 A O ~ Q
multiple imputation analyses, which were based E40 oy ¥ wo oo 8Q
on the conservative assumption that missing data &2 R3S £ - E = f; = ﬁ 3%
were informative rather than random, the esti- Llass S d g 2| E£F
mates of treatment effect and the corresponding | £ - 8%
confidence intervals were consistent with the re- g z Y E
sults of the primary analysis in each study. This °§' ; A
finding shows that the primary results are robust 88 o o g gg
and were not influenced by alternative assump- §ig - > = ¢z
tions about missing data. In addition, the mean = - S
observed changes in FVC over time (unadjusted, | = s
nonimputed results) were consistent with the re- % o s E &
sults of the primary analysis in both trials (Fig. | £ 5SS 7 e S &2
1B and 1D). 8 gl 9 e = |33
In each trial, a significantly greater propor- .‘_'g z™ - o ; £
tion of patients in the nintedanib group than in | & " g £
the placebo group had a response in FVC when | & § § . £ £ g
patients with a response were defined as those | 8 E:O W, £ 9 %%
who did not have an absolute decline in the per- g SE & 0\3 g gn Fé‘f 52
centage of predicted FVC that was more than | '§ 21 2| l ¢ & g3
5 percentage points at week 52 (Table 2). When | 3 g s g S3 5 ii 8
patients with a response in FVC were defined as | & g=s 2= E 2% W % 5
those who did not have an absolute decline in the | £ T2 528 g 2 2 =8
percentage of predicted FVC that was more than | § @ . sS4 s 58 8 o
10 percentage points at week 52, a significantly | < | 8 2 © & e Y ¥ g =
greater proportion of patients in the nintedanib | £ | g 5 & g+ " §§
group than in the placebo group had a response |~ | * < = . x5
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