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interstitial lung disease, estimated to affect 132,000 to 200,000 people in the United States.
Approximately 50,000 new cases are diagnosed each year, and as many as 40,000
Americans die from IPF each year. IPF is typically seen in older adults (men more
commonly than women), usually occurring between the ages of 50-70 years, and is
characterized by progressive dyspnea, non-productive cough, and progressive pulmonary
insufficiency. The natural course of IPF is variable. As the interstitial fibrosis and
architectural distortion advance, the lungs become increasingly non-compliant, and work of
breathing and dyspnea increase. Patients with IPF typically experience slowly progressive
worsening of lung function over time, but some experience rapid declines and frequent
hospitalizations in late stages of the disease.2 While the course of the disease is variable,
the prognosis is uniformly poor, with a median survival of about 3-5 years after diagnosis.
Inflammation and indices of immune activation have been identified in the lungs of patients
with IPF, suggesting that immune response may play a role in the disease mechanism.
Historically, treatment has been targeted toward blocking the inflammatory and/or fibrotic
response in IPF, using agents such as corticosteroids and immunosuppressives. However,
these therapies have been of little/no benefit to IPF patients. In fact, in 2011, the American
Thoracic Society issued an official statement, citing evidence-based guidelines, which
demonstrated that the quality of the evidence for clinical benefit of any drug therapy used
in IPF was weak.3 Interestingly, recent trials of historical standard-of-care treatment
regimens have shown increased mortality.4 No therapeutic agents have been approved in
the United States for IPF. Historically, lung transplantation has been the only therapeutic
option for patients with IPF.
Choice of the most appropriate and clinically meaningful efficacy endpoints in IPF clinical
development programs has been an ongoing topic of both internal and external discussion.
Use of forced vital capacity (FVC) has been both supported and discouraged in the
literature.5 Hesitation regarding the use of FVC stems from concerns that FVC has not
been validated as a surrogate for disease progression or other clinically important endpoints
(e.g. mortality). While it appears that monitoring for a change in a lung function parameter
such as FVC would be logical, given that IPF causes progressive pulmonary function
decline, there are several unknowns, most important of which is what constitutes a
clinically important treatment difference. While we do not know with certainty the amount
of change in FVC that is clinically important, some experts and literature have considered a
10% change to be a clinically important threshold.6,7
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While we agree that mortality benefit would be the most unequivocal and clinically
important endpoint in this progressively fatal disease, we acknowledge the advice of
experts and published literature that speaks to the impractical nature of designing trials
designed to look at survival in IPF. Therefore, we have accepted the study designs for
nintedanib that utilize lung function decline as their primary efficacy variable. However,
due to the residual uncertainties around FVC, we have emphasized that other clinically
important secondary endpoints including survival should provide convincing supportive
evidence that the disease has been affected through drug use.
Regulatory History
The following timeline highlights the pertinent regulatory interactions between BI and the
Agency:
!

!

!
!

August 2, 2006, Pre-IND Meeting: The Division informed the Sponsor that they
lacked non-clinical support for dosing. While the Division acknowledged the lifethreatening nature of IPF, the serious nature of the disease was not considered sufficient
to waive the requirement for non-clinical support. Given the toxicities noted in the nonclinical studies and the clinical oncology program, the Division voiced concern that
toxicities of the drug at the proposed doses may make some patients ineligible for lung
transplantation. The Division also initiated a discussion regarding FVC as a primary
endpoint in IPF trials. The Division accepted use of FVC but cautioned that a
relationship between FVC and survival had not been established, and therefore, FVC
could not be endorsed as a surrogate for survival. Therefore, the Division encouraged
the Sponsor to explore numerous endpoints of relevance to IPF, including survival.
December 1, 2010, End-of-Phase 2 Meeting: The Division was in general agreement
with the Sponsor regarding the design of their phase 3 studies, including the choice of
dose (based on Study 1199.30) and both primary and key secondary endpoints.
Survival was once again emphasized as an important endpoint, especially given the lack
of non-clinical support of dosing. Population pharmacokinetic analyses were put forth
by the Sponsor as a means of providing data in patients with renal impairment, with
which there was general agreement. However, the Agency did not agree that the
Sponsor did not need to conduct a dedicated PK study in patients with hepatic
impairment.
April 15, 2011, IND opened: With the results of their phase 2 study conducted outside
the United States, the Sponsor submitted the two phase 3 protocols under IND. The
IND was deemed safe-to-proceed based on human safety data in the phase 2 study.
Pre-NDA Meeting, October 31, 2013: General issues regarding format and content
of the NDA submission were discussed. In addition, the Sponsor informed the Agency
that investigations of the influence of hepatic impairment in patients with hepatocellular
carcinoma would be submitted with the NDA, but that the phase 1 study in healthy
volunteers would be submitted post-NDA review. The proposal was deemed
reasonable by the Agency, given that labeling provided a description of the known and
unknown data regarding dosing in patients with hepatic impairment, as well as
description of how the liver toxicity should be monitored. The Sponsor’s information
regarding patients with renal impairment was deemed adequate to support the filing of
the NDA, but whether further evaluation would be needed was noted to be a review
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which is unlikely to be relevant to an older adult population. Development of nintedanib
for IPF was allowed to proceed, despite the lack of adequate safety margins in non-clinical
studies, due to the presence of adequate human clinical data (Study 30). Nintedanib was
negative in standard genotoxicity testing. Two year carcinogenicity in rats and mice did not
reveal any evidence of carcinogenic potential for nintedanib.
The reproductive and developmental toxicology studies demonstrated that nintedanib was a
potent teratogen, decreasing female fertility in rats, as evidenced by increases in resorption
and post-implantation loss and a decrease in gestation index. Nintedanib had no effect on
fertility in male rats. In rats and rabbits, nintedanib caused embryofetal death and
teratogenic effects at maternally non-toxic doses. Malformations included abnormalities in
the vasculature, skeletal system, and urogenital systems. Nintedanib was also noted to
decrease post-natal viability of rat pups during the early post-natal period. These findings
support a pregnancy category D classification for this product, which is consistent with
other tyrosine kinase inhibitors.

5 Clinical Pharmacology
The clinical pharmacology reviewers, Drs. Jianmeng Chen, Anshu Marathe, and Robert
Schuck, recommend approval of nintedanib. There are no outstanding issues from a
clinical pharmacology perspective. The Office of Clinical Pharmacology recommends a
Post-Marketing Requirement (PMR) for a hepatic impairment study, as outlined at the end
of this section.
BI submitted a complete and adequate clinical pharmacology program for nintedanib,
which consisted of a phase 2 dose ranging study, mass balance and dose-proportionality
studies, drug-drug interaction studies, and an assessment of food effect in healthy subjects.
The dosing regimen has been adequately explored.
Nintedanib is proposed to act as a small molecule tyrosine kinase inhibitor including the
receptors platelet-derived growth factor receptor (PDGFR) α and β, fibroblast growth factor
receptor (FGFR) 1-3, and vascular endothelial growth factor receptor (VEGFR). Nintedanib
binds competitively to the ATP binding pocket of these receptors and blocks the
intracellular signaling which is crucial for the proliferation, migration, and transformation
of fibroblasts, representing essential mechanisms of IPF pathology. In addition, nintedanib
inhibits Flt-3, Lck, Lyn, and Src kinases.
One dose ranging trial was conducted in patients with IPF, in which 4 dosing regimens (50
mg QD, 50 mg BID, 100 mg BID, and 150 mg BID) were compared with placebo over a
52-week treatment period. From an efficacy standpoint, a dose-response relationship was
observed for the annual rate of decline in FVC (-0.190, -0.174, -0.210, -0.162, -0.06 L/year
for the placebo, 50 mg QD, 50 mg BID, 100 mg BID, and 150 mg BID groups,
respectively). There was increased efficacy with respect to the annual rate of decline in
FVC for the 150 mg BID compared to the 100 mg BID and lower doses, supporting the
dose of 150 mg BID carried into phase 3 studies. Consistent with the dose-response,
increased efficacy with respect to annual rate of decline in FVC was observed in the highest
exposure (steady state AUC) quartile compared to lower quartiles (See Figure 1). The
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highest quartile corresponds to the exposures that are likely to be achieved with the 150 mg
BID dose.
Figure 1. Exposure-Response Relationship for Annual Rate of Decline in FVC

Source: Clinical Pharmacology Review for NDA 205832; horizontal black line represents the exposure range in each quartile The blue
and green horizontal lines represent the exposure range achieved upon administration of 100 mg BID and 150 mg BID doses,
respectively.

A dose/exposure-response relationship was also observed for safety. In the dose-ranging
study, gastrointestinal adverse reactions including diarrhea, nausea, abdominal pain, and
decreased appetite increased with increasing dose (occurring in 32% of patients in the
placebo group and up to 74% of patients in the nintedanib 150 mg BID group).
Additionally, a higher proportion of subjects with greater than 3x ULN increase in ALT,
AST, or GGT was observed in the 150 mg BID dose group compared to the 100 mg BID
dose group. This data supported the Applicant’s proposed dose reduction to 100 mg BID in
order to manage these adverse events.
The proposed starting dose of 150 mg BID is reasonable because of the increased efficacy
with respect to annual rate of decline in FVC for the 150 mg BID group compared to the
100 mg BID group in the dose-ranging study. Since there are no approved therapies for
IPF patients, and the disease is progressive and fatal, maximizing efficacy is reasonable.
Adverse reactions may be managed via dose modification.
Absolute systemic bioavailability under fed conditions was ~5%. Nintedanib is
recommended to be taken with food, as coadministration with food increased exposure
(AUC and Cmax by 20%). Of the absorbed fraction, nintedanib is extensively metabolized,
primarily through the liver (hydrolytic cleavage by esterases followed by glucuronidation
by UGT enzymes). The major metabolites are not active at clinically relevant
concentrations. The terminal half-life of nintedanib is 10-15 hours, which also supports
twice-daily dosing. The majority of the administered dose (~93%) is excreted in the feces.
Based on in vitro studies, nintedanib is not an inhibitor or inducer of CYP pathways.
Nintedanib is a substrate of P-gp and to a minor extent CYP3A4. Labeling advises that Pgp and CYP3A4 inhibitors may increase exposure to nintedanib, while P-gp and CYP3A4
inducers may decrease the exposure; it is recommended that inducers be avoided. AUC
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decreased by 21% in current smokers, compared to patients who had stopped smoking or
never smoked. Product labeling will include information to guide providers to encourage
their patients to stop smoking prior to the initiation of treatment and to avoid smoking when
using nintedanib, as smoking may alter the efficacy profile. No adjustment of the starting
dose is recommended for any intrinsic or extrinsic factors. Rather, it is recommended that
adverse reaction be managed through dose interruption or dose reduction.
Effect on the QT interval was evaluated in a phase 2 study in patients with renal cell cancer.
The trial was not a thorough QT trial and did not include a placebo group, positive control,
or supra-therapeutic dose level (due to ethical reasons). Nintedanib was administered at a
dose of 200 mg BID. Frequent ECG measurements were performed at baseline, after the
first administration of nintedanib, and at steady state. The study demonstrated the lack of
effect of 200 mg nintedanib orally administered BID for 15 days on the QTcF interval as
compared with baseline. The largest mean time-matched increase of QTcF at steady state
was 3.1 ms (two-sided 90% CI: -0.2, 6.4).
No dedicated PK study was conducted for patients with hepatic impairment patients.
As nintedanib is eliminated primarily by biliary/fecal excretion (>90%), hepatic impairment
is likely to increase plasma nintedanib concentrations. Clinical studies excluded patients
with AST or ALT greater than 1.5 x ULN and/or bilirubin greater than 1.5 x ULN.
Therefore, the recommendation is to monitor for adverse reactions and consider dose
modification or discontinuation of nintedanib as needed for patients with mild hepatic
impairment; nintedanib is not recommended in patients with moderate or severe hepatic
impairment. The Office of Clinical Pharmacology recommends a Post Marketing
Requirement for a hepatic impairment study to evaluate the impact of hepatic impairment
on nintedanib pharmacokinetics, so as to update the approved labeling with recommendations for appropriate use of nintedanib patients with hepatic impairment. This study
protocol has been submitted, and the study is currently ongoing.

6 Clinical Microbiology
The microbiology reviewer, Dr. John Metcalf, recommends approval of nintedanib
concluding that the microbiological quality of the drug product is controlled via a suitable
testing protocol.

7 Clinical/Statistical- Efficacy
Overview of the clinical program
An overview of the relevant clinical studies that form the basis of review and regulatory
decision-making for this application are shown in Table 1. The Applicant has designated
these studies as 1199.30, 1199.32, and 1199.34. Throughout this review, the studies will be
referred to by their last two numbers (Studies 30, 32, and 34, respectively). The design and
conduct of these studies are described below, followed by efficacy findings and
conclusions. Safety findings are discussed in Section 8.
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In Studies 32 and 34, subjects could be treated with a reduced dose (100 mg BID) to
manage adverse events (AEs). Specific criteria were outlined for diarrhea and liver enzyme
adverse event-driven dose reduction and subsequent dose re-escalation. In Study 30, dose
reduction to the next lowest dose group occurred, with no provisions for re-escalation or rechallenge with a higher dose. Nine study visits occurred during the 52-week treatment
period, with a follow-up visit after 4 weeks.
! Efficacy Variables
The primary efficacy variable was the annual rate of decline in FVC from Baseline to Week
52. The pre-specified analysis of the primary endpoint was a random coefficients linear
regression model, with absolute change in FVC as the outcome variable, assuming linear
decline in lung function over time. A strategy for handling missing data and death was
specified and deemed acceptable.
Important secondary efficacy variables included:
! Time to first acute IPF exacerbation. IPF exacerbations were defined as those
events which met all of the following criteria:
 Acute IPF exacerbation by investigator report
 Unexplained worsening or development of dyspnea within 30 days
 New diffuse pulmonary infiltrates on chest C-ray, and/or new HRCT
parenchymal abnormalities with no pneumothorax or pleural effusion (new
ground glass opacities) since last visit
 Exclusion of infection as per routine clinical practice/microbiological studies
 Exclusion of alternative causes as per routine clinical practice, including the
following:
 Left heart failure
 Pulmonary embolism
 Identifiable cause of acute lung injury, IPF-related death, lung
transplantation, or respiratory hospitalization, whichever comes
first
 Study 30 also included a decrease in PaO2 ≥ 10 mm Hg or PaO2/FiO2 <
225.
The log-rank test and Kaplan-Meier estimator were used to compare treatment
groups for the time to first acute IPF exacerbation. The estimate of hazard ratio
between two groups and its 95% confidence interval were obtained by Cox’s
proportional hazards regression model. IPF exacerbations were adjudicated in
Studies 32 and 34 and investigator-reported only in Study 30.
! Change from baseline in St. George’s Respiratory Questionnaire (SGRQ) total score
at Week 52 was analyzed using a mixed model repeated measures (MMRM).
Survival (time to death) was an important exploratory efficacy variable which also was
analyzed similarly to time to first IPF exacerbation.
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evaluation did not demonstrate statistical significance for any individual study or when the
studies were pooled. Additional analyses which included time to death or lung transplant
demonstrated similar results. Although statistical significance was not achieved, the results
show that there was a numerical trend towards a survival benefit for nintedanib compared
to placebo. Figure 4 shows the Kaplan-Meier estimates for all-cause mortality for Studies
32 and 34 (pre-specified pooled analysis). When all three studies were pooled (post-hoc),
the results were similar.
Figure 4.

Kaplan-Meier Estimates of All-Cause Mortality at Vital Status – End of Study: Studies 2
and 3

Efficacy Summary
Results of the nintedanib clinical development program show a consistent benefit of
nintedanib in the treatment of IPF. All three studies achieved statistical significance for the
primary endpoint of annual decline in FVC for nintedanib compared to placebo. Secondary
endpoints including time to first IPF exacerbation and change from baseline in SGRQ score
were also supportive of the primary endpoint in two studies. While there has been
uncertainty surrounding the use of FVC in clinical trials for IPF, statistically significant
results in three studies with respect to FVC, support from secondary endpoints, and a
numerical trend towards a survival benefit, provide substantial evidence of efficacy and
support for the approval of nintedanib for the treatment of IPF.

8 Safety
The safety assessment of nintedanib was primarily based on the studies shown in Table 1.
Each of these studies had associated open-label extensions, which did not reveal any new
safety signals and will not be discussed further in this summary review. Pooling of data
across trials to examine the emergence of safety signals was deemed acceptable as these
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trials were similar in design/duration and patient population. Safety assessments included
adverse events (AEs), physical examinations, vital signs, electrocardiograms, and clinical
laboratories. The safety database is considered adequate to assess the safety of nintedanib
for the treatment of patients with IPF.
! Extent of Exposure
In Studies 30, 32, and 34, 723 patients received nintedanib 150 mg BID and 508 received
placebo. The mean treatment duration was similar between treatment and placebo groups
(11 months vs. 10 months, respectively). Because dose reductions were allowed perprotocol for management of adverse events, it is important to note that the majority of
patients remained at or near the full dose for the planned treatment period of 52 weeks. A
total of 98% of placebo and 76% of nintedanib treated patients finished the study at the full
dose, resulting in a dose intensity (actual amount of drug received over the study divided by
the amount of drug planned) of 99% in the placebo treated subjects and 94% of nintedanib
treated subjects.
! Adverse Events Leading to Discontinuation
More patients discontinued treatment early due to adverse events in the nintedanib
treatment group (21%) than in the placebo group (15%). The most common AE leading to
discontinuation was diarrhea (5.3% nintedanib vs. 0.2% placebo), followed by nausea
(2.4% nintedanib, 0% placebo), decreased appetite (1.5% nintedanib, 0.2% placebo), and
weight decreased (1.1% nintedanib, 0.2% placebo).
! Adverse Events Leading to Dose Reduction or Treatment Interruption
If patients experienced intolerable AEs at the 150 mg BID dose, the dose could be reduced,
temporarily or permanently. The majority of dose reductions occurred due to an adverse
event and were more common in nintedanib-treated patients. More patients underwent
permanent dose reduction for an AE in the nintedanib group (16%) compared to placebo
(1%). The rates were highest in patients with gastrointestinal (GI) adverse events in the
system organ class (SOC) of GI Disorders (13.3% nintedanib vs. 0% placebo). The
common AEs (>2 patients) that led to dose reduction that were reported more frequently by
patients treated with nintedanib than placebo included diarrhea, nausea, abdominal pain,
decreased appetite, hepatic function abnormal, weight decreased, and transaminase
increased. Similar to AEs leading to discontinuation, the most common AE leading to
permanent dose reduction was diarrhea, followed by nausea, and decreased appetite.
! Deaths
Deaths were discussed in detail in the efficacy discussion. Generally, fewer patients in the
nintedanib group than in the placebo group died due to any cause (38[5.3%] vs 43 [8.5%],
respectively). In both groups, IPF was the most common cause of death, occurring less
often in the nintedanib group [nintedanib, n=18(2.5%) vs. placebo, n=21(4.1%)]. The
most common adverse events leading to death in patients treated with nintedanib, more than
placebo, were pneumonia (0.7% vs. 0.6%), lung neoplasm malignant (0.3% vs. 0%), and
myocardial infarction (0.3% vs. 0.2%). However, when examining major adverse
cardiovascular events (MACE) including MI, fatal events were reported in 0.6% of
nintedanib-treated patients and 1.8% of placebo-treated patients.
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! Serious Adverse Events
The proportions of patients who experienced at least one serious adverse event (SAE) were
similar in the nintedanib and placebo groups (~30%). The proportion of patients with an
SAE is not surprising given the long duration of the trials and the older population with a
severe disease and multiple co-morbidities. Overall, the incidence of individual SAEs was
low, and the three most frequently reported SAEs occurring more frequently in nintedanib
versus placebo were bronchitis (1.2% vs. 0.8%), myocardial infarction (1.5% vs. 0.4%),
and chest pain (1.0 % vs. 0.8%).
! Common Adverse Events
Overall 95% of patients treated with nintedanib and 90% of patients treated with placebo
reported AEs. Common adverse reactions that occurred at a frequency of ≥ 5% and more
commonly than placebo include: diarrhea, nausea, abdominal pain, vomiting, liver enzyme
elevation, decreased appetite, headache, weight decreased, and hypertension. Diarrhea was
the most common adverse AE, the most common AE leading to discontinuation, and the
most common AE leading to dose reduction. For nintedanib-treated patients, the majority
of patients had mild (56%) or moderate (39%) diarrhea. The majority of patients recovered
(87%). No fatal cases of diarrhea were reported. A total of 5 (1%) patients required
hospitalization in the nintedanib group compared to 1 patient (<1%) in the placebo group.
Diarrhea tended to occur within the first month, with few patients (10%, n=71) reporting
their first episode of diarrhea 6 months after initiation of treatment. Nausea and vomiting
were also common adverse events in the clinical development programs, with similar
patterns of onset and severity observed.
Table 5 shows those common adverse events that occurred in ≥ 5% and more frequently in
nintedanib versus placebo-treated patients, presented in order of decreasing frequency.
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patients treated with nintedanib and 0.8% of placebo-treated patients. Myocardial infarction
was the most common adverse reaction under arterial thromboembolic events, occurring in
1.5% of nintedanib-treated patients compared to 0.4% of placebo-treated patients.
3. Risk of Bleeding
Based on the mechanism of action (VEGFR inhibition), the risk of bleeding was an AESI.
In clinical trials, bleeding events were reported in 10% of patients treated with nintedanib
and in 7% of patients treated with placebo.
4. Gastrointestinal perforation
Based on the mechanism of action, nintedanib may increase the risk of gastrointestinal
perforation. In clinical trials, gastrointestinal perforation was reported in 0.3% of patients
treated with nintedanib, compared to no cases in the placebo-treated patients.
Product labeling advises caution in using nintedanib in patients at risk of arterial
thromboembolism, bleeding, or gastrointestinal perforation.
Safety Summary
The three confirmatory studies are adequate to assess the safety of nintedanib for this
patient population. Overall, there were numerically fewer deaths in the nintedanib group
compared to placebo. More patients discontinued study treatment due to AEs in the
nintedanib group compared to placebo. Overall, the incidence of SAEs was balanced
across treatment groups. Adverse events also led to dose reduction and/or treatment
interruption more frequently in the nintedanib-treated patients. The clinical program
suggests that nintedanib has some significant safety signals, the most notable of which is
the potential for liver injury. Given the devastating nature of IPF, we consider this risk to
be manageable via careful labeling, which will include a description of the risk,
recommendations for monitoring, dose modification, and/or treatment interruption.

9 Advisory Committee Meeting
The application includes three studies of one year duration that provide triplicate evidence
of efficacy with respect to a lung function endpoint and a numerical trend towards a
survival benefit. Further, the safety profile would not preclude approval of this drug for the
life-threatening indication of IPF for which there are no other medical treatment options.
Therefore, a Pulmonary-Allergy Drug Advisory Committee (PADAC) was not convened
nor required for this application, as there was no uncertainty surrounding approval.

10 Pediatrics
Idiopathic pulmonary fibrosis is a disease of older adults. Pediatric studies were waived for
nintedanib as IPF does not occur in the pediatric patient population. In addition, as a drug
with orphan designation, a pediatric development plan is not required.

11 Other Relevant Regulatory Issues
The Applicant conducted the clinical trials using Good Clinical Practices and the Applicant
provided the required financial disclosure information for investigators. The financial
disclosure information did not suggest any significant conflict with the investigators.
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