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1. Executive Summary
Boehringer Ingelheim has submitted the NDA 205832 seeking the marketing approval for
nintedanib, for the indication of “the treatment of idiopathic pulmonary fibrosis (IPF) &

2

The Sponsor supports this NDA submission with 8 clinical pharmacology studies. The
clinical pharmacology studies include a dose-ranging study (Phase 2), mass balance and
dose-proportionality studies, drug-drug interaction studies, and assessment of food effect
in healthy subjects.

The following are the major findings of the current review:

1) Based on the dose/exposure response relationship for efficacy, the 150 mg BID
dosing regimen is reasonable as it is likely to maximize efficacy. The dose-response
relationship for safety supports sponsor’s dose reduction scheme of reducing the dose
to 100 mg BID if adverse events are observed.

2) The dosing regimen of nintedanib has been adequately explored. Prior to the
confirmatory trials, one dose ranging trial was conducted in patients with IPF. In this
trial, 4 dosing regimens of nintedanib (50 mg QD, 50 mg BID, 100 mg BID, and 150
mg BID) were compared with placebo over 52 weeks of treatment. There was
increased efficacy with respect to the annual rate of decline in FVC for the 150 mg
BID compared to a dose of 100 mg BID or lower. Moreover, a dose/exposure-
response relationship was observed for gastrointestinal disorders.

3) Absolute systemic bioavailability for nintedanib was ~5% under fed conditions. Tax
was reached by 2-4 hours for nintedanib following oral administration. The systemic
exposure increased in proportion to the dose in the dose range of 150 to 300 mg BID.
Approximately 93.4% of administered dose gets excreted in feces and less than 1% is
eliminated by urine. The terminal half-life of nintedanib is 10-15 hours.

4) Of the absorbed fraction, nintedanib is extensively metabolized, primarily through
hydrolytic cleavage by esterases (resulting in BIBF1202) followed by glucuronidation
by UGT enzymes (resulting in the BIBF1202 glucuronide). The major metabolites are
not active at clinically relevant concentrations.

5) Based on in vitro studies, nintedanib is not an inhibitor or inducer of CYP pathways
and has low potential for inhibition of OCT1, P-gp, BCRP. Nintedanib is a substrate
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of P-gp. BIBF1202 is a substrate of OATP-1B1 and OATP-2B1. The BIBF1202
glucuronide is a substrate of MRP1 and BCRP.

6) In a study in renal cell cancer patients, QT/QTc measurements were recorded and
showed that a single oral dose of 200 mg nintedanib as well as multiple oral doses of
200 mg nintedanib administered twice daily for 15 days did not prolong the QTcF
interval.

7) No adjustment of the starting dose is recommended for any intrinsic or extrinsic
factors. The reviewer recommends to monitor individual patients for tolerability of
nintedanib, and to manage the adverse reactions by dose interruption, dose reduction,
or discontinuation as necessary.

8) 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, and 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.

1.1  Recommendations

The Office of Clinical Pharmacology has reviewed the clinical pharmacology information
provided within NDA 205832 and recommends approval from a clinical pharmacology
perspective.

1.2 Phase IV Commitments
The Office of Clinical Pharmacology recommends one Post Marketing Requirement
(PMR) study.

Evaluate the impact of hepatic impairment on OFEV (nintedanib) pharmacokinetics;
consequently, update the approved OFEV labeling with recommendations for appropriate
use of OFEV in patients with hepatic impairment.

1.3 Summary of Clinical Pharmacology and Biopharmaceutics
Findings

Boehringer Ingelheim has submitted the NDA 205832 seeking the marketing approval for
nintedanib, to be used as “the treatment of idiopathic pulmonary fibrosis (IPF) ¢

2

Nintedanib is a small molecule tyrosine kinase inhibitor for 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. In addition, nintedanib inhibits FIt-3,
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Lck, Lyn and Src kinases. Recommended dose is 150mg BID taken with food, with
optional dose reduction to 100mg BID for management of adverse reaction.

Sponsor supported this NDA submission with 6 Phase 1 studies in healthy volunteers, 2
Phase 2 studies 2 Phase 3 studies in IPF patients, 1 QT/renal cell carcinoma study , and 6
meta-analysis and PopPK reports.

The efficacy of nintedanib at the 150 mg BID dose was established in 1 Phase 2
(1199.30) and 2 Phase 3 (1199.32 and .34) trials in IPF patients. In these trials, nintedanib
reduced the annual rate of decline in FVC (primary endpoint) compared to placebo. The
results were statistically significant in all trials. Additionally, overall mortality was
numerically lower in the nintedanib group compared to the placebo. The hazard ratio
(95% CI) was 0.7 (0.43, 1.12) in pooled data from phase 3 trials and 0.73(0.27, 1.98) in
the phase 2 trial. The most common adverse events observed in the trials were
gastrointestinal disorders (diarrhea, nausea, abdominal pain and vomiting) and liver
enzyme elevations.

Rationale for the proposed 150mg BID dose

Dose/Exposure response

The dose for the phase III trials (150 mg BID) was selected based on the results from the
phase II dose-finding trial 1199.30. In this trial, 4 doses of nintedanib (50 mg QD, 50 mg
BID, 100 mg BID, and 150 mg BID) were compared with placebo over 52 weeks of
treatment.

Efficacy: There was increased efficacy with respect to the annual rate of decline in FVC
for the 150 mg BID compared to a dose of 100 mg BID or lower (Figure 1). Additionally,
there was dose response relationship for change from baseline in SGRQ and time to first
exacerbation. Consistent with the dose-response relationship, an exposure-response
relationship was identified for the efficacy endpoints

Placebo (N=83) vs BIBF 50mg qd (N=85) —+—1 0.016
Placebo (N=83) vs BIBF 50mg bid (N=86) e -0.020
Placebo (N=83) vs BIBF 100mg bid (N=85) p——— 0.028
Placebo (N=83) vs BIBF 150mg bid (N=84) ——e— 0.131
[ I | T | [ [ ]
040 020 0.00 020 040 0.60 0.80 1.00
Favours Adjusted differences in rate of decline (35% CT) Favours
Placebo BIBF-1120

Placebo: -0.190

Figure 1. Rate of decline in FVC (L/yr) at 52 weeks
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(Source: Fig 11.4.1.1.1, CSR 1199.30)

Safety: There was a dose-response relationship for gastrointestinal disorders (diarrhea, nausea,
abdominal pain, decreased appetite). Additionally a higher proportion of subjects with greater
than 3xULN increase in AST, ALT or GGT was observed in the 150 mg BID dose group
compared to the 100 mg BID dose group. The proportion of patients who discontinued trial
medication was higher in the 150 mg BID group.

Based on the dose/exposure response relationship for efficacy 150 mg BID dose is
reasonable as it is likely to maximize efficacy. The dose-response relationship for safety
supports sponsor’s dose reduction scheme of reducing the dose to 100 mg BID if AEs are
observed. (See section 2.4).

Pharmacokinetics
IPF vs. Healthy
The PK properties of nintedanib were similar in healthy volunteers, patients with IPF,
and cancer patients.
Absorption

o The absolute bioavailability of nintedanib under fed conditions is about 5%

e Systemic exposure (AUCy..) and peak plasma concentration (Cpax) increased in
proportion to the dose in the dose range of 150 to 300 mg BID.

e Tnax Was reached by approximately 2-4 hours following oral administration under fed
conditions. In several studies, a second peak in plasma was observed around 5-6
hours following oral administration of nintedanib, suggesting enterohepatic

circulation.

e Coadministration with food increased exposure (AUC.o and Cyax) Was increased by
20%.

e Upon multiple dosing, steady-state was reached by one week with 1.4 fold
accumulation.

¢ Nintedanib is a substrate of P-gp transporter.

Distribution

¢ Plasma protein binding for nintedanib is high, primarily to albumin, with bound
fraction of 97.8%.

e The volume of distribution at steady-state (Vss) is approximately 1050 liters,
indicating extensive tissue distribution.

Metabolism and Transporters

¢ Nintedanib was extensively metabolized, primarily through hydrolytic cleavage by
esterases (result in BIBF1202) followed by glucuronidation by UGT enzymes (result
in BIBF1202 glucuronide).

e At steady state, the major metabolite in blood is BIBF1202 glucuronide, which is 5-9
fold higher compared to nintedanib. The major metabolites are not active at clinical
relevant concentrations.

e Based on in vitro studies, nintedanib is not an inhibitor or inducer of CYP pathways.

e Based on in vitro studies, at therapeutic concentrations, nintedanib has low potential
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for inhibition of OCT1, P-gP, BCRP.

e Based on in vitro studies, nintedanib is a substrate of P-gP. BIBF1202 is a substrate
of OATP-1B1, OATP-2B1. BIBF1202 glucuronide is a substrate of MRP1 and
BCRP.

Elimination

e Approximately 93.4% of administered dose gets excreted in feces and less than 1% is
eliminated by urine.

e The terminal half-life of nintedanib is 10-15 hours.

Special Population

e No dose adjustments are recommended based on weight, age, race and gender.

e No dedicated PK study was conducted in patients with renal impairment or end stage
renal disease. No dose adjustments are recommended for mild and moderate renal
impairment patients because of negligible elimination of nintedanib and its
metabolites in urine. The safety and efficacy of nintedanib have not been established
in patients with severe renal impairment.

e No dedicated PK study was conducted for patients with hepatic impairment patients.
As Nnintedanib 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. Patients with total
bilirubin greater than 1.5 x ULN were also excluded. 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, and nintedanib is
not recommended in patients with moderate or severe hepatic impairment.

Drug-Drug Interaction (DDI)
Effect of coadministered drugs on nintedanib exposure

¢ Nintedanib is a substrate of P-gp. A minor extent of the biotransformation of
nintedanib consisted of CYP pathways.

e Coadministration with the P-gp and CYP3 A4 inhibitor ketoconazole increased
exposure of nintedanib by 1.61-fold based on AUC and 1.83-fold based on Cmax. .
Monitor patients closely for tolerability of nintedanib, and manage the adverse
reactions by dose interruption, dose reduction, or discontinuation as necessary.

¢ Coadministration with the P-gp and CYP3A4 inducer rifampicin, decreased exposure
of nintedanib to 50.3% based on AUC and to 60.3% based on Cmax.

¢ Nintedanib displays a pH-dependent solubility profile with increased solubility at
acidic pH<3. However, in phase III studies, coadministration with proton pump
inhibitors or histamine H2 antagonists did not influence the exposure (Ctrough) of
nintedanib.

e Coadministration with pirfenidone, decreased exposure of nintedanib to 68.3% based
on AUC and to 59.2% based on Cmax.. No dose adjustment recommended for
nintedanib when coadministered with pirfenidone.

Effect of nintedanib on exposure of coadministered drugs
e (Concomitant use with nintedanib had no effect on the exposure of pirfenidone,
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another drug for IPF.

Effect of nintedanib on pharmacodynamics interaction

¢ Nintedanib is a VEGFR inhibitor, and may increase the risk of bleeding. Nintedanib
may increase the effect of anticoagulation treatment. Patients receiving a full dose of
anticoagulant were excluded in the phase 3 trials. Monitor patients closely for
bleeding potential and adjust anticoagulation treatment as necessary.

2. Question Based Review

2.1 List the in vitro and in vivo Clinical Pharmacology and Biopharmaceutics
studies and the clinical studies with PK and/or PD information submitted in

the NDA or BLA

Fifteen in vitro studies using human biomaterials were conducted and are listed Table 1.

Table 1: Nintedanib (BIBF1120) and Its Major Metabolites BIBF1202 and BIBF1202-glucuronide In
Vitro Studies Using Human Biomaterials

Drug ADME Objective Study/Report name
Nintedanib Distribution Human plasma protein binding A075/02AR
(BIBF1120) blood cell association
Metabolism Metabolism of BIBF1120 in human liver A118 02LU
microsomes and recombinant CYPs
Metabolism of BIBF1120 by hepatocytes of rat | A227 03TE
and human
Potential of BIBF1120 to inhibit UGT1A1 A249 06TE-b2883
Potential of BIBF1120 to inhibit CYPs All4 02LU VD
Potential of BIBF1120 to induce CYPs A020-080S
Transporters for BIBF1120 and BIBF1202 PK05008
BIBF1202 Distribution Human plasma protein binding PB 08-001
Metabolism Glucuronidation of BIBF1202 A217/02TE
Glucuronidation of BIBF1202 by UGT1A1 A249 06TE-b2886
Glucuronidation of BIBF1202 A267 07TE
Potential of BIBF1202 to inhibit CYPs A219-07LU
BIBF1202- Distribution Human plasma protein binding A090 08FU
glucuronide
Metabolism Potential of BIBF1202-Glucuronide to inhibit | A239/08LU
CYPs
Interaction of BIBF1202-Glucuronide and PKPRO0801
transporters
(Source — reviewer summary)
Studies in Healthy Subjects
Four Phase 1 studies characterized the basic PK of nintedanib.
e 1199.20: Human [14C] ADME study
e 1199.75: Absolute bioavailability study
e 1199.21: Relative bioavailability study
e 1199.17: Food effect study
NDA205832 Page 9 of 119
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Two clinical studies evaluated drug-drug interactions with nintedanib
e 1199.161: Drug-drug interaction with ketoconazole in healthy volunteers
e 1199.162: Drug-drug interaction with rifampicin in healthy volunteers

Studies in Patients with cancer
Four Phase 1 studies characterized the single and/or multiple-dose PK of nintedanib.
e 1199.1: Phase I monotherapy
e 1199.2: Phase I monotherapy
e 1199.3: Phase I monotherapy
e 1199.19: Phase I monotherapy; Japan
A Phase II study evaluated the effect of nintedanib on QT interval.
e 1199.26: Phase II monotherapy in renal cell carcinoma patients, including QT
evaluation.

Phase II studies with IPF

The dose ranging study 1130 evaluated more than one dose levels of nintedanib.
e 1199.30: Phase II in IPF
e 1199.31: Phase II combination with pirfenidone; Japan

Phase III Study

Two identical 52-week Phase III placebo-controlled trials to evaluate the efficacy and
safety of Nintedanib 150 mg BID. Trough concentrations were collected at week 4 and
24 in the two Phase III studies 1199.32 and 1199.34, for a subpopulation in Japan,
another sample at post dose 2-4h was collected.

Population Pharmacokinetic Studies
Population pharmacokinetic analysis used nintedanib plasma concentration-time data
from study 1199.30, 1199.32 and 1199.34 in IPF patients.

2.1.1 What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology of this drug?

Nintedanib is a nonselective tyrosine kinase inhibitor discovered by Boehringer Ingelhem
Pharmaceuticals Inc. Nintedanib was also referred as BIBF1120 during the development
program and studied under IND 74,683 for the treatment of IPF (IND opened Apr 2011).
There have been several interactions between Agency and Sponsor to discuss the clinical
pharmacology program of the proposed product. The key Clinical Pharmacology and
Biopharmaceutics agreements were summarized in Table 2. Nintedanib was granted
orphan designation on Jun 29, 2011, and breakthrough designation in May 2014. The
NDA is reviewed under priority review timelines.

Table 2. Summary of Regulatory history relevant to clinical pharmacology

PNDA e Agreed with delayed hepatic impairment study with proper

(Oct 2013) labeling

e Agreed on filing of renal impairment info based on IPF phase
3 Pop-PK analysis
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EOP2 e Agreed that 150 mg BID (with dose reduction option) is

(Dec 2010) reasonable for Phase 3 evaluation.

e (larify that special population (hepatic impairment)
assessment based on cancer phase 3 Pop-PK analysis is NOT
acceptable

e Ask for E-R analysis in phase 11

2.2 General Attributes of the Drug

2.2.1 What are the highlights of the chemistry and physical-chemical properties of
the drug substance and the formulation of the drug product?

Nintedanib is a small molecule drug. Its structure is shown in Figure 2 and its
physicochemical properties are listed in Table 3.

;%5 /iOH
X -

Figure 2. Molecular structure of nintedanib

3

Table 3: Nintedanib physical chemical properties

Molecular Formula | C3;H33N504 - C,HgO3S (C33H39N507S)

Molecular Weight | 649.76 g/mol R

Physical State BIBF 1120 ethanesulfonate is a bright yellow powder

Polymorphism O

Dissociation

Constants

Solubility

Partition

Coefficient

For the drug product, BIBF 1120 capsules are soft gelatin capsules with a single-sided

imprint, showing the BI company symbol and the strength. o
They appear as follows:

111100 mg capsules are peach-colored, opaque, oblong and imprinted in black with the

Boehringer Ingelheim company symbol and with “100”,
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(111150 mg capsules are brown-colored, opaque, oblong and imprinted in black with the
Boehringer Ingelheim company symbol and with “150”.

2.2.2 What are the proposed mechanism of action and therapeutic indications?
Nintedanib is proposed to act as a small molecule tyrosine kinase inhibitor including the
receptors platelet derived growth factor receptor (PDGFR) a and 3, 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 the IPF pathology. In
addition, nintedanib inhibits FIt-3, Lck, Lyn, and Src kinases.

The proposed indication is treatment of idiopathic pulmonary fibrosis (IPF) N

2.2.3 What are the proposed dosages and routes of administration?

The proposed dose is 150 mg BID to be given orally with food, with optional dose
reduction to 100 mg BID for the management of adverse reactions.

2.2.4 What drugs (substances, products) indicated for the same indication are
approved in the US?

Currently there are no drugs approved for IPF in the US. Pirfenidone is currently being
reviewed for the same indication.

2.3 General Clinical Pharmacology

2.3.1 What are the design features of the clinical pharmacology and
biopharmaceutics studies and the clinical studies used to support dosing or
claims?

The clinical pharmacology and biopharmaceutics studies supporting this NDA and their

design features are listed under section 2.1.

2.3.2 What is the basis for selecting the response endpoints and how are they
measured in clinical pharmacology studies?

The Sponsor used annual rate of decline in forced vital capacity (FVC) as the primary
endpoint for all key efficacy studies (1199.30, 1199.32 and 1199.34). Key secondary
endpoints include change from baseline in SGRQ total score and time to first acute IPF
exacerbation. Other secondary endpoints for study 1199.32 and 1199.34 include survival,
time to death, absolute change from baseline in FVC over 52 weeks, and relative change
from base line in FVC over 52 weeks.

FVC is usually used as primary efficacy endpoint for IPF trials. The annual rate of
decline in FVC, which is derived using a random coefficient regression model, is a new
endpoint for IPF. For assessment of the primary endpoint, please see the medical and
statistical reviews (Dr. Paterniti and Dr. Yongman Kim).

2.3.3 Are the active moieties in plasma and clinically relevant tissues appropriately
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identified and measured to assess pharmacokinetic parameters and exposure
response relationships?

Yes. In all relevant studies, nintedanib and its major metabolites, BIBF1202 and
BEBF1202 glucuronide concentrations, were measured

2.4 Exposure-Response

2.4.1 Is there a dose/exposure-response relationship for effectiveness?

There was increased efficacy with respect to the annual rate of decline in FVC (primary
endpoint) for the 150 mg BID compared to a dose of 100 mg BID or lower in phase 2
study 1190.30 (Table 4). A dose response relationship was observed for change from
baseline in SGRQ and time to first exacerbation. Data from the phase 2 study 1199.30
was used for this analysis as this was a dose-ranging study in IPF patients and had a wide
range of exposures. Patient characteristics and study design were similar between the
phase 2 and the phase 3 studies (studies 1199.32 and 1199.34).

Consistent with the dose-response, increased efficacy with respect to annual rate of
decline in FVC is observed in the highest exposure (steady state AUC) quartile compared
to lower quartiles (Figure 3). The highest quartile corresponds to the exposures that are
likely to be achieved with the 150 mg BID dose. Additionally, a trend for increase in
efficacy with respect to change from baseline in SGRQ is observed with increasing
exposure (Figure 3). For details see Pharmacometrics review.

Table 4: Dose-response for efficacy endpoints in Phase 2 study, 1190.30

Change from | Time to first exacerbation
Annual rate of baseline in Hazard ratio* (95% CI)
Randomized | decline in FVC SGRQ
Treatment | subject (N) | in L/year (SE) Mean(SE)
Placebo 87 -0.190 (0.036) 5.19 (1.557) 5
50mg QD 87 -0.174 (0.037) | 4.29 (1.713) 0.758 (0.326, 1.765)
50mg BID 86 -0.210 (0.035) | 1.97 (1.717) 0.841(0.362, 1.952)
100mg 0.517 (0.193, 1.384)
BID 86 -0.162 (0.035) 1.37 (1.655)
150mg 0.158 (0.035,0.711)
BID 86 -0.06 (0.039) -0.42 (1.526)

*Treatment versus Placebo
(Source: Table 11.4.1.1.1:1, Table 11.4.1.2.7:1, Table 15.2.9.3.2:2 from CSR)
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Figure 3: The relationship of A) annual rate of decline in FVC and B) change in SGRQ from baseline with
steady state AUC. The black symbols represent the mean and 95% CI in each exposure quartile. The
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.

2.4.3 Does this drug prolong QT/QTc Interval?

QT effect was evaluated in a phase 2 study in patients with renal cell cancer (1199.26).
The trial was not a thorough QT trial and did not include a placebo or 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
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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). For further details refer to QT/IRT review of
the study 1199.26 by Dr. Huifang Chen (DARRTS date 7/23/2014).

2.4.2 s there a dose/exposure-response relationship for safety?

There is a dose-response relationship for gastrointestinal disorders (diarrhea, nausea,
abdominal pain, decreased appetite) in phase 2, study 1190.30 (Table 5). Additionally a
higher proportion of subjects with greater than 3xULN increase in AST, ALT or GGT
was observed in the 150 mg BID dose group compared to the 100 mg BID dose group
(Table 6). Since diarrhea was the most common adverse event observed in the trials, an
exposure-response analysis was conducted for diarrhea. Consistent with dose-response,
the proportion of patients with diarrhea increased with increasing steady state AUC
(Figure 4). For additional details see Pharmacometrics review.

Table 5: Dose-response for gastrointestinal adverse events

Placebo BIBF BIBF BIEF BIEBF Total

M = pumber of patients N %) 50 mg qd Mmgbid 10M0mghd 150mzxd

' N (%) N (%) N (%) N () N (%)
Mumber of patients 35 1.3 36 26 85 428
Gastromtestinal disorders 27 (31.8) 33 (384) 31{36.00 49 (37.00 63 (74.1) 203 (474
Mausea 294 9(10.5) 2(0.3) 17(19.8) 20(23.5) 62 (14.5)
Vomiting 44T 1(1.2) 6 (7.00 11{12.8) 11(12.9) 33N
Abdominal discomfort 181.7) 2(2.3) I3 IGEH 3(5.9) 14{(3.3)
Abdominal pain I(3m 3(3.5) 5(5.8) ENEN 6(7.1) 2149
Abdominal pain upper I35 6 (7.00 10({11.6) 223 10(11.8) 31(7.1
Diarhoea 13(15.3) 9(10.5) 17 ({19.8) 32(37.0) 47(55.3) 118 (27.6)
Metabolizm disorders 2024 5(5.8) 11{12.8) 11 (12.8) 17(20.0) 46 (10.7)
Decreased appetite 0 3(3.5) 44T 44T 13(15.3) 24{5.6)
GI disorders leadmg to S -\ . S -
treztment discontimation 2 (2.4) 2(2.3) 2(2.3) 223 14 (16.5) 22(5.1)
Dhathoea 0 1(1.2) 1(1.2) 0 104(11.8) 12(2.8)
Senous gastromtestinal . . . ) .
disorders 0 2(23) 2(2.3) 1.5 4047y 921
Severe gastrointestmal 2(2.3) 202.3) 335 5(5.9) 12 (2.8)

dizorders

(Source: Table 12.2.2.2:1 from CSR1199.30)

Table 6: Dose-response for liver enzyme elevation

Placebo 50mgqgd 30 mg 100 mg 150 mg
bid bid bad

Mumber of patients [1] 34 85 36 g4 B4
Frequency of patients [2¥ (%a)] with possible
chmically sigmficant® abnormalities
AST 0 (0} 0 (i 0 (0 112y 3(3.6)
ATT )] O (0} 1(1.2) 000 4(4.8)
GGT 1{1.2) 5(5.9) 4(4.7) 50(3.9) 16 (19.07
Bilirubin 0 {0 LU Cr)] 0 {0 A 0 {00

*AST, ALT, GGT - increase by >3xULN. Bilirubin-increase by >34 umol/L

(Source: Table 12.2.2.2:1 from CSR1199.30)
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Figure 4: The relationship of proportions of patients with diarrhea with steady state AUC. The black
symbols represent the mean and 95% CI in each exposure quartile. The horizontal black line
represents the exposure range in each quartile.

2.4.4 Does the dose/exposure-response relationship for effectiveness and safety
endpoints support the proposed dose and dose modification scheme?

The proposed starting dose of 150 mg BID is reasonable because of increased efficacy
with respect to the annual rate of decline in FVC for the 150 mg BID compared to a dose
of 100 mg BID or lower in phase 2, study 1190.30. Additionally a dose-response
relationship was observed for change from baseline in SGRQ and time to first
exacerbation. Since there are no currently approved therapy for IPF patients and the 5
year survival is low ranging from 20%-40%, it is reasonable to have a dose that
maximizes efficacy. Increased GI disorders with increasing dose supports sponsor’s dose
reduction scheme, of reducing the dose to 100 mg BID if AEs are observed. Additionally,
higher proportion of subjects with greater than 3xULN increase in AST, ALT or GGT
was observed in the 150 mg BID dose group compared to the 100 mg BID dose group.
Thus sponsor’s dose modification based on liver enzyme elevation is reasonable.

2.5  What are the PK characteristics of the drug?

2.5.1 What are the single and multiple dose PK parameters of parent drug and
relevant metabolites in healthy adults and cancer patients?

Single dose PK in healthy adults

In a single dose study in healthy adults, nintedanib PK was characterized for 150 mg

under fasting or fed conditions. The mean plasma concentration-time profile is shown in

Figure 5. Following oral administration, maximum plasma concentration of BIBF1120
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was reached at around 2 hours post dose under fasted and 4 hours under fed conditions.
(Figure 5). In several other PK studies with nintedanib given by oral administration, a
second peak in plasma was observed around 5-6 hours post-dose suggesting
enterohepatic circulation (Figure 8). The terminal half-life after single dose was 13.6 h

under fasted and 16.2 h under fed conditions. Nintedanib appears to follow bi-exponential

disposition kinetics in healthy male volunteers. PK parameters after single dose of 150
mg nintedanib under fast and fed conditions are summarized in Table 7.

Geometric mean plasma conc. / lin

o 12

® A —@— Fed (N=15)

g 9 —— Fasted (N=14)

=

ﬁ —

E 0 _l Ll I I I T | T | I I I I

Time [hours]

Figure 5: Mean Plasma BIBF1120 Concentrations vs Times Following Administration of a Single
Oral Dose of 150mg nintedanib capsule to Fasted or Fed Healthy Subjects
(Source — Figure 11.5.2: 1, Study 1199-0017 report)

Table 7: Geometric mean (and gCV %) pharmacokinetic parameters of BIBF 1120 BS after single
oral administration of 150 mg BIBF 1120 capsule in fed and fasted conditions to healthy male
volunteers

BIBF 1120 Fasted Fed
capsule
Paramecter Unit N=14 N=15
T [h] 2.00 3.98
(1.48-3.98) (1.50-6.05)
Cons [ng/ml.] 1.1 132
(60.3%) (61.6%)
AUC... [ng-h/mL| 98.4 . 119
(33.0%)’ (53.9%)
AUCu.24 [ng-h/mL] 79.0 . 90.2
(34.8%)" (52.9%)
b, [h] 13.6 16.2
(15.2%) (10.3%)
CLT [mL/imn] 25400 20900
(33.0%)" (53.9%)
V. F L] 29900 29400
(34.7%)’ (47.0%)

(Source — Table 11.5.2: 1and Table 11.5.2:

NDA205832
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Multiple dose PK in renal cell cancer patients

Multiple dose PK of nintedanib was characterized in previously untreated patients with
renal cell cancer. Nintedanib PK after multiple doses was consistent with the single dose
PK. The median T,x was about 3 hr and mean apparent terminal t;; ranged from 9-15
hrs. After multiple dosing, there was a slight accumulation of BIBF 1120 compared to a
single dose, leading to a geometric (g)mean accumulation ratio of 1.33 based on Cmax
(gCV 67.0%) and 1.66 based on AUCo-12 (gCV 52.5%), which was slightly lower than as
expected based on the terminal half-life and BID dosing regimen. This indicated that the
reported terminal half-life was slightly longer than the effective t;, of nintedanib driving
accumulation in plasma, which was estimated to be in the range of 9-10 h based on the
observed accumulation ratios or the mean residence time. Mean plasma PK profiles are
shown in Figure 6 and summary PK parameters are listed in Table 8. Based on visual
inspection, steady state was reached on Day 15.

1000 4

100 4

[ng/mL]

Plaosma conc.
=
1

0 B i 12 336 340 j44 J48648
Time [hours]

-©-8IBF 1120 (N=61/59) B 81BF 1202 gluc. [N=60/59)

“®-8IBF 1202 (N=61/59)
Figure 6: Geometric mean plasma concentration-time profiles of BIBF 1120, BIBF 1202, and BIBF
1202-glucuronide after single (Day 1) and multiple (Day 15) oral administration of 200 mg BIBF 1120
BID to patients with RCC
(Source — Figure 11.5.2.1:2, Study 1199.26 report)

Table 8: Geometric mean (and gCV %) standard pharmacokinetic parameters of nintedanib, BIBF
1202, and BIBF 1202 glucuronide in cancer patients after a single oral dose of nintedanib and at
steady state following BID administration (1199.26; metaanalysis of studies 1199.1/2/3/19)
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Study 1199.26 (if not indicated Nintedanib BIBF 1202 BIBF 1202

otherwise) glucuronide
Single dose N egMean gCV gMean gCV eMean  gCV
(%] [%] (%]
AUCq.12 510m [(ng'h/mL)/mg]  59/59/49 0.819 67.8 1.08 954 1.64 99.2
Ravco-12.00m --/59/49 NA NA 1.35 88.4 1.64 113
AUC o [(ng'WmL)/mg]  65/47/-- 1.33 78.5 247 186 NC NC
Caxnom [(ng/mL)/mg] 61/61/60 0.159 71.4 0.174 117 0.210 104
Remaxnom -/61/55 NA NA 1.12 97.0 1.01 127
[ [h] 61/61/60 3.08 0883 - 392 1.92 - 10.1 4.08 -
12.0 12.0 13.0
t1o” (h] 65/47/6 9.18 46.2 6.66 29.2 54.9 76.0
CL/F [mL/min] 65 12500 785 NA NA NA NA
V,/F* L] 65 9970 72.2 NA NA NA NA
Steady state
AUCy ) gnorm  [(ng-'h/mL)mg]  58/59/55 1.35 67.5 2.03 131 14.7 170
Rauco-12.56.00mm 58/58/54 NA NA 1.56 96.8 9.16 159
R AUCO-12.10m 56/57/45 1.66 52.5 1.89 74.9 9.08 101
LI 58/59/55: L.o2 NA 0.82 NA NC NC
65/47/--
C nax.ss.nom [(ng/mL)/mg] 61/45/61 0.216 72.7 0.282 131 1.52 176
Remax s norm 61/61/61 NA NA 1.34 106 5.40 161
R cmaxnom 59/59/61 1.33 67.0 1.60 854 7.12 102
s [h] 61/61/61 2.92 0.00-  3.08 0.00- 405 0.00 -
6.83 9.93 12.00
e (h] 48/45/24 153 594 12.6 36.0 554 75.9
CLT,, [ml/min] 58 12400 675 NA NA NA NA
V,/E [L] 48 18600 874 NA NA NA NA

Calculated based on dose normalised gMean exposure estimates. gCV is therefore not applicable.
Rparam denotes metabolic ratios based on molar exposure, R s paan denotes accumulation ratios.

* toax 15 given as median and range.

# Parameter estimate determined in metaanalysis of studies 1199.1/2/3/19 as last plasma sample in 1199 .26 taken
12 h after administration and terminal phase thus not captured

LI Lmearity index, defined as AUC, /AUCy_,

NA Not applicable

NC Not calculated as terminal phase not captured in 1199 26 and bioanalytical assay for studies included in

metaanalysis not fully quantitative
(Source — Table 3.2.1:1, summary of clinical pharmacology)

The metabolic ratios of BIBF 1202 to BIBF 1120 were slightly higher than 1 indicating a
higher exposure to the ester-cleaved metabolite BIBF 1202 than to the parent compound
BIBF 1120. The ratios increased by 15% to 20% at steady state compared to single dose
conditions (Table 9).

The metabolic ratios of BIBF 1202-glucuronide to BIBF 1120 after single administration
of BIBF 1120 were greater than 1 for AUCO0-12 and equal to 1 for Cmax, suggesting a
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slightly higher exposure of BIBF 1202-glucuronide than the parent compound BIBF
1120. At steady state conditions, the metabolic ratios of BIBF 1202-glucuronide to BIBF
1120 increased by about 6-fold for AUCt,ss and Cmax,ss compared to single dose
conditions indicating a higher exposure to BIBF 1202 glucuronide than BIBF 1120 at
steady state.

The metabolic ratios of BIBF 1202-glucuronide to BIBF 1202 after single dose
administration of BIBF 1120 were greater than 1 for AUCO0-12 and smaller than 1 for
Cmax. At steady state conditions, the metabolic ratios of BIBF 1202-glucuronide to BIBF
1202 increased by about 5-fold for AUCt,ss and Cmax,ss compared to single dose
conditions indicating a higher exposure to BIBF 1202 glucuronide than to BIBF 1120 at
steady state.

Table 9. Ratios of metabolites and parent compound of Cmax(ss) and AUC0-12 (AUCr,ss) after
single and multiple oral administrations of 200 mg BIBF 1120

Ratios of metabolites and parent compound after single and multiple oral dosing of 200 mg BIBF 1120

BIBF 1202/BIBF 1120 BIBF 1202-glucuronide/ BIBF 1202-glucuronide/
[T/R] BIBF 1120 [Met] BIBF 1202 [MT/MR]
N gMean gCV% N gMean gCV% N gMean  gCV%
Ruvcon 59 1.35 88.4 49 1.64 113 49 1.14 80.5
Remax 6l 1.12 97.0 60 1.01 127 60 0.858 81.0
Ruvcrss 58 1.56 96.8 54 9.16 159 55 5.70 101
Remax,ss 61 1.34 106 61 5.40 161 61 4.02 89.6

(Source: Table 11.5.2.4:1, Study report 1199.26)

2.5.2 How does the PK of the drug and its relevant metabolites in healthy adults
compare to that in patients with the target disease?

The pharmacokinetic characteristics of nintedanib were consistent across healthy
volunteers, patients with IPF, and patients with advanced cancer. Observed nintedanib
trough plasma concentrations in patients with IPF and advanced cancer patients are
summarized in Table 10. The exposure of nintedanib in IPF patients was higher than in
healthy subjects, possibly due to an elderly age group for IPF patients (Table 11). Inter-
individual variability of PK parameters was generally higher in patients than in healthy
volunteers, likely due to the more heterogeneous population, e.g. in terms of covariate
distribution, comedication, and potential disease dependent changes in physiology.

Table 10. Geometric mean (and gCV %) dose normalized trough plasma concentrations of nintedanib

and major metabolites after multiple oral administration of nintedanib twice daily as monotherapy
in different populations
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Cressnorm Study Nintedanib BIBF 1202 BIBF 1202

[ng/mL/mg] glucuronide
N gMean N gMean N gMean
(gCV%) (gCV%) (2CV%)
Patients with IPF, target 1199.30 70 0.0558 70 0.0645 40 0.484
population, after (76.0) (95.7) (112)
:‘l‘iilft‘e‘g:f;‘i';“l‘)?g of 150 mg 1199.32 250 00635 250 00665 251  0.670
(72.4) (93.3) (111)
1199.34 274 0.0687 274  0.0784 275 0.779
(71.3) (91.9) (117)
Advanced cancer patients Metaanalysis 263 0.0664 227  0.0895 - -
(1199.1/2/3/19)* (106) (205)
1199.26* 59 0.0918 59 0.115 59 1.36
(89.2) (143) (192)
* All bid dose levels combined

Cre 5529 norm: after administration of 200 mg nintedanib bid
Semi-quantitative bioanalytical assay: estimate therefore not given.

(Source Table 3.3:2, summary of clinical pharmacology)

Table 11. Comparison of Nintedanib Systemic Exposure in Healthy Subjects vs. Subjects with IPF
following Oral Dosing with Nintedanib

Population | Study Dose N Cmax AUCrt,ss AUCo-»
(mg) (ng/mL/mg) (ng*h/mL/mg) | (ng*h/mL/mg)

Healthy 1199.162 | 150 SD |26 | 0.147 1.22

1199.75 | 100SD |12 | 0.0843 0.562

1199.17 | 150SD |15 | 0.0878 0.796
IPF 1199.30, | 150BID | 981 | 0.12 1.014

32, and

34

(Source: Table 11.2:1, Study report pop PK 1199.30, 32, 34; Study report 1199.162, 1199.75, 1199.17.)

2.5.3 What is the inter- and intra-subject variability of the PK parameters in
volunteers and patients with the target disease?

Based on population PK analysis of nintedanib in IPF patients, the IIV in F1 expressed as
coefficient of variation was 41.8%, IIV in V2/F was 131%, IIV in KA 28.3%, and IOV
in F1 was 33.3%.

2.5.4 What are the characteristics of drug absorption?

The absolute oral bioavailability of nintedanib following oral administration with food
was ~4.67% in healthy volunteers. In single- and multiple-dose studies, maximum plasma
concentrations were reached within 2-4 hrs. after oral administration. Absorption and
bioavailability are decreased by transporter effects and first-pass metabolism. In-vitro
studies using transfected MDCK cells, demonstrated that nintedanib is a P-gp substrate,
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but not the BCRP efflux transporter (see sections 2.7.3 and 2.7.4). It also undergoes
extensive intestinal and/or hepatic first-pass metabolism by esterases and UGT enzymes
forming the metabolites BIBF 1202 and BIBF 1202 glucuronide. The effect of food
intake on the bioavailability of nintedanib is described in section 2.8.3. Exposure
increased by about 20% after administration under fed conditions.

2.5.5 What are the characteristics of drug distribution?

Following IV dosing, the apparent steady-state volume of distribution (V) of nintedanib
was estimated to be 1050 L, suggesting extensive distribution into tissues. The
quantitative whole body autoradiography study in rats indicated a rapid and relatively
homogenous tissue distribution with the exception of the CNS, possibly due to lack of
partitioning through the blood-brain-barrier. Nintedanib related radioactivity was slowly
transferred to milk of lactating rats without pronounced accumulation in the milk. A low
percentage of the dose (0.18 - 0.5%) was secreted over 24 h.

In vitro studies determined high plasma protein binding for nintedanib with the bound
fraction (fg) in humans to be 97.8%. Nintedanib showed protein binding in a similar
range to human serum albumin (HSA; fB = 97.5%). The binding to human alpha-1-acid
glycoprotein (hAGP) was low at 0.14 g/L hAGP (fg = 55.5%) and increased with hAGP
concentration to 93.0% at 3.4 g/LL hAGP. Based on these findings, HSA is considered to
be the major binding protein in human plasma. Plasma protein binding of the metabolite
BIBF 1202 was moderate (fg = 77.8%), whereas it was high for BIBF 1202 glucuronide
(f8~97%). Nintedanib is distributed preferentially in plasma with a blood to plasma ratio
of 0.869 and a blood cell to plasma ratio of 0.701.

2.5.6 Does the mass balance study suggest renal or hepatic as the major route of
elimination?

Nintedanib is eliminated primarily by biliary/fecal excretion, and the hepatic metabolism

and biliary excretion is the major route of elimination for nintedanib. The major route of

excretion of total [14C]-radioactivity was via feces, demonstrated by a fecal excretion of
93.4% of dose within 120 hours.

The urinary excretion of unchanged nintedanib within 48 h was about 1% of dose after
intravenous administration and 0.05% after oral administration. In mass balance study,
the urinary excretion of total [14C]-radioactivity was 0.649% of dose, indicating that the
contribution of renal clearance to the total clearance was low.

Table 12: Percentage of Parent (M0) and Metabolites (M1-BIBF1202, M2-BIBF1202 glucuronide) of
nintedanib excreted by urine and feces in Male Subjects Following Oral Administration of a Single
100 mg Dose of [14C]nintedanib in solution
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metabolites (% of dose
urine (0 - 24 h) faeces (0 - 72 h) urine + faeces
mean CV (%) mean CV (%)
ml 02 17 584 22 58.6
m2° 0.07 40 0.1 283 0.17
mJ3 0.01 110 3.6 56 3.6
m4 0.01 85 2.6 84 2.6
m5 0.004 189 0.2 283 0.2
m?7 0.03 33 0.03
m8 0.01 87 0.01
m9 0.02 117 0.02
ml0 0.04 114 0.04
m0 0.14 24 19.9 48 20.0
sum 0.53 84.8 85.3
total excretion 0.53 87.6 88.1
not assigned 0 2.8 2.8
# combined data for the 1-O-acylglucuronide (m2) and its isomeric acylglucuronides (m2”)

(Source — page 57, Study A248 05TE report, samples from study 1199.20)

2.5.7 What is the percentage of total radioactivity in plasma identified as parent
drug and metabolites?

BIBF 1202 (M1) and its acyl-glucuronide (M2) were the predominant circulating
molecular entities besides the parent compound. In addition, two plasma sample pools (1
h and 2 h sampling time) showed the presence of another metabolite, designated M7, that
was tentatively identified as a glucuronide conjugate of the parent compound (Table 13).
The CYP3A4 metabolite M3 was not detected in plasma. At steady state, BIBF1202
glucuronide (M2) is the major metabolite in plasma (see section 2.5.2).

Table 13: Percentage of Circulating Parent (M0) and Metabolites (M1-BIBF1202, M2-BIBF1202
glucuronide)of nintedanib in Male Subjects Following Oral Administration of a Single 100 mg Dose
of [14C]nintedanib in solution

mean data of pooled plasma samples, 1 h,2 h,6 h
metabolite designation (% of sample radioactivity)
ml 32
m2 30
m7 7
m0 24
sum 93
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metabolites (% of sample radioactivity)
subjects / samples pool1h pool2 h pool 6 h mean
metabolite designation
ml 32.5 38.7 257 323
m2 283 15.3 471 30.2
m7 9.2 0.0 6.9
mo 9.8 34.5 27.1 238
| sum | 798 | 1000 100.0 93.3 |

(Source — Table on page 56; Table 10.7 , Study A248 0S5TE report, samples from study 1199.20)

2.5.8 What are the characteristics of drug metabolism?

The proposed metabolic pathway for nintedanib is shown in Figure 7. Both in vitro and in
vivo studies indicate that nintedanib is extensively metabolized. The metabolism of BIBF
1120 ES was predominantly characterized by the ester cleavage of the methyl ester
moiety yielding BIBF 1202 (M1). Subsequently, BIBF 1202 was glucuronidated by UGT
enzymes, namely UGT 1A1, UGT 1A7, UGT 1AS8, and UGT 1A10, yielding the 1-O-
acylglucuronide (M2) that underwent non-enzymatic isomerization resulting in isomeric
acylglucuronides (designated as metabolite fractions M2*). In addition, oxidative N-
demethylation, which is catalyzed by CYP3A4, yielded the secondary amine M3 (BIBF
1053). Finally, M4 was formed by a combination of ester cleavage and oxidative N-
demethylation. A few other minor metabolites were observed, that were formed by phase
I metabolic reactions and two phase II conjugation reactions (glucuronidation and
formylation).

The biotransformation of nintedanib to BIBF 1202 (M1) was relatively fast for all routes
of administration. Maximum plasma concentrations of BIBF 1202 were reached around

the same time as for nintedanib. Exposure was in the same order of magnitude after oral
administration and PK characteristics were similar.

Total exposure (AUC) to BIBF 1202 glucuronide (M2) was substantially higher than the
one to nintedanib or BIBF 1202 after oral administration. Maximum plasma
concentrations were reached later.
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Figure 7: Proposed Metabolic Pathways for nintedanib (BIBF 1120) in Human Plasma
(Source — Figure 9:20, study report A248 05TE)

2.5.9 Is there evidence for excretion of parent drug and/or metabolites into bile?

In vitro studies determined that nintedanib is not a substrate of BCRP. In the mass
balance study, feces sample fractions that were collected 0 - 72 h after oral dosing and
that were used for the assessment metabolite pattern comprised 88% of the administered
dose, with 65-80% of the total dose excreted as metabolites (see section 2.5.6). This
indicated that the drug related material was preferentially excreted via the bile, and
majority of nintedanib was excreted in bile as metabolites.

2.5.10 Is there evidence for enterohepatic recirculation for parent and/or
metabolites?

Biliary excretion is a major elimination pathway for nintedanib. The existence of the
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enterohepatic recirculation for nintedanib was confirmed by the concentration-time
profile (Figure 8). With a single oral dose of 100mg capsule, a second peak of ninedanib
was observed in plasma at 5-6 hours post-dose, following the first peak at around 1-2
hours post-dose. Similar PK profile was observed in study 1199.161(single oral dose of
50 mg nintedanib with food) and 1199.162(single oral dose of 150 mg nintedanib with
food). However, this phenomenon was not consistently observed in other PK studies
(Figure 5). The available plasma concentration-time profile information does not suggest
enterohepatic recirculation for BIBF1202 and BIBF1202 glucuronide.

100

— Individual data
® oMean (N=12)

BIBF 1120 BS plasma conc. [ng/mL)|

0.1

Time [hours]

Representative individual time-concentration plot

BIBF 1120 BS plasma cone. [ng'mL|

0.1 4
T

Time [hours]

Figure 8. Plasma conc.-time profiles of BIBF 1120 BS after single oral administration of 100 mg
BIBF 1120 capsule (semi-log scale)
(Source: Figure 15.6.5.2:28 and Figure 15.6.5.1:8 , study report 1199.75)

2.5.11 What are the characteristics of drug excretion in urine?

Mass balance study suggested that renal clearance constituted less than 1% of the total
clearance of nintedanib. Estimates of renal clearance (CLr) of nintedanib were obtained
in healthy subjects with intravenous administration. The estimate of renal clearance (CLr)
was about 20 mL/min, which when adjusted for protein binding (fu of 2.2%), exceeds
GFR, suggesting an additional contribution from active tubular secretion.
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2.5.12 Based on PK parameters, what is the degree of the proportionality of the
dose-concentration relationship?

Based on visual inspection, no relevant deviation from dose proportionality of exposure

parameters, e.g. Cmax or AUC, was observed across the dose range of 50-450 mg once

daily and 150-300 mg twice daily in advanced stage cancer patients with various tumor

types (Figure 9).

In the combined PopPK analysis of the Phase II/III studies 1199.10, 1199.13, 1199.14 in
patients with NSCLC, and the Phase II IPF-study 1199.30, no considerable deviation
from dose proportionality was found, either.
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Figure 9. Comparison of dose normalized AUCO-12,ss values of BIBF 1120 at steady state after
multiple twice daily administration of BIBF 1120
(Source: Figure 7.2.1.1:1, Report 1199 PK Metaanalysis Cancer Patients Monotherapy, U11-1639-01.)

2.5.13 How do the PK parameters change with time following chronic dosing?

AUCo- for nintedanib after single dose is compared with AUCT,ss (o-12n) at steady state.
CL/F(ss) of nintedanib did not change after multiple dosing compared to single dose
administration. The linearity index, derived as AUCr,ss/AUCo-» was 1.02 (Table 14). The
pharmacokinetics of nintedanib can therefore be considered time-independent. PK
information was collected in phase II and Phase III studies in IPF patients. Trough (pre-
dose) concentrations are similar over a 12-month period, indicating no time-dependency

in PK of nintedanib after the concentration reached steady state.
Table 14: Exposure of nintedanib after single or multiple doses

Study Treatment N AUC* CL/F
(ng.h/mL/mg) | (mL/min)
gMean gMean
(CV%) (CV%)

1199.26 Nintedanib SD | 65 1.33 (78.5) 12500(78.5)

Nintedanib BID | 58 1.35 (67.5) 12400 (67.5)
Steady State

N: Total subjects; SD: single dose; BID: twice daily dose
* AUCo- for SD; AUCt,ss for BID
(Source — Table 3.2.1:1, Section 2.7.2, Summary of Clinical Pharmacology Studies)

NDA205832 Page 27 of 119

Reference ID: 3620675



2.5.14 Is there evidence for a circadian rhythm of the PK?

In clinical PK studies nintedanib given BID, it was observed that PK after single-dose
was comparable with PK after multiple-dose, suggesting that circadian rhythm is not
present for nintedanib PK.

2.6 Intrinsic Factors

2.6.1 What are the major intrinsic factors responsible for the inter-subject
variability in exposure (AUC, Cmax, Cmin) in patients with the target
disease and how much of the variability is explained by the identified
covariates?

Based on sponsor’s population PK analysis of IPF patients (N=933), body weight, age,
lactate dehydrogenase (LDH) levels and smoking history were identified as covariates
influencing the PK of nintedanib. As shown in Table 15, exposure (steady state AUC)
increased by 24% in a 55 kg patient (5th percentile) and decreased by 19% in 107 kg
patient (95th percentile) compared to a 77 kg patient (median within the analyzed
population). The magnitude of change for LDH and age were even lower. Exposure
decreased by 21% in current smokers compared to ex-smokers or patients who have
never smoked. Similarly, the magnitude of change in the exposure of BIBF 1202 due to
body weight, age, LDH and smoking status were small (Table 16).

Table 15: Impact of individual covariates on the exposure of nintedanib
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Covariate Effect of covariate Percentage change in .-’LT,'C,_“*

Covariates included on CL/F

WT CL/F increased with increasing ~ AUC, .. increased by 24% ina 55 kg
weight (and vice versa) as patient (5"1 percentile) and decreased
described using a power function by 19% in a 107 kg patient {95&‘
(power of 0.634). percentile). as compared toa 77.1 kg
patient (median within analyzed
population).
LDH CL/F changed linearly by 19.0% AUC, .. was decreased by 10% fora
per 100 U/L difference to LDH  patient with LDH of 146 U/L (Sth
of 205 U/L. percentile) and increased by 20% for a

patient with LDH of 294 U/L (9 5t
percentile) relative to a patient with
the median LDH of 205 U/L (median
within analyzed population).

Covariates included on F1

AGE F1 changed linearly by 0.976%  AUC, .. decreased by 14% in a 52 year
per 1 yvear difference to age of 66 old patient (5ﬂ1 percentile) and
years. mncreased by 13% ina 79 year old

patient (93" percentile). as compared
to a patient with the median age of 66
years (median within analyzed

population)
SMOK F1 decreased by 21% in current  AUC, .. decreased by 21% in current
smokers compared to ex- or smokers compared to ex- or never
never smoker (effect size fixed smoker

according to previous PopPK
analysis [LJ13-1588]

RACE+GEOR F1 decreased by 16% for Korean AUC, ., decreased by 16% for Korean
patients as compared to patients as compared to Caucasians.
Caucasians. F1 increased by AUC, .. increased by 16% for Japanese
16% for Japanese patients and patients and by 30% for Chinese,
by 50% for Chinese, Tatwanese, Tairwanese. Indian patients and other
Indian patients and other Asians  Asians as compared to Caucasians
as compared to Caucasians

* AUC_,; (dose normalized) was calculated as F1 divided by CL/F. The percentage change in AUC, ,; was determined by
varying values of the covariate of infterest while keeping all other covanates constant.
Source data: Appendix 16.1.41.2.1

(Source: Table 10.1.3.2:2 from combined population PK report for IPF patients)

Table 16: Impact of individual covariates on the exposure of the metabolite BIBF 1202
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Covariate Effect of covariate Percentage change in AUCT,s5*
Covariates identified for nintedanib affecting the BIBF 1202 exposure with the same effect
size (due to interdependancy of F2 and F1)

AGE F1 changed Linearly by 0.976% per AUC, ., decreased by 14% in a 52 year old
1 year difference to median age of  patient (5™ percentile) and increased by 13%
66 years in the analysed in a 79 year old patient (95™ percentile). as
population. compared to a patient with the median age of
66 years (median within analyzed population)
SMOK F1 decreased by 21% in current AUC; ;. decreased by 21% 1in current smokers

smokers compared to ex- ornever  compared to ex- or never smoker
smoker (effect size fixed according
to previous PopPK analysis [U13-
1588].
Covariates identified for both nintedanib and BIBF 1202 — different effect sizes for
BIBF 1202 and nintedanib exposure

WT F2 decreased with increasing weight (and ~ AUC; . increased by 26% fora 55 kg
vice versa) as described using a power patient (Sch percentile) and decrease by
function (power of -0.782). 19% for a 107 kg patient (95th percentile)

relative to a patient weighing 771 kg
(median within analyzed population).

RACE F1 decreased by 16% for Korean patients, = AUC, .. increased by 166% for patients
+GEOR  increased by 16% for Japanese patients and  with Indian ongm. by 86% for Asians
mcreased by 50% for Chinese, Tatwanese,  except for Indian. Korean or Japanese

Indian patients and other Asians as patients, by 5% for Korean patients and
compared to Caucasians. by 44% for Japanese patients as
F2/F1 ratio increased by 90% for Indian compared to Caucasians.

patients (fixed according to previous
PopPK analysis [U13-1588]) and increased
by 28 % for Asians except for Indians as
compared to Caucasians.

LDH F2 decreased linearly by 10.8% per 100 AUC, . was decreased by 11% for a
U/L absolute difference to 688 U/L. For patient with LDH of 146 U/L (5™
LDH levels higher than 688 U/L a constant percentile) and mcreased by 17% for a
F2 of 1 was assumed. patient with LDH of 294 U/L (952
percentile) relative to a patient with the
median LDH of 205 U/L (median within
analvzed population).
* AUC: s (dose normalized) was caleulated as (F2+fM1#F 1) divided by CL2/F. The percentage change in AUC, 5 was
determined by varving valoes of the covanate of interest while keeping all other covanates constant.

BIBF 1202 specific covariates

SEX CL2/F was decreased by 12% 1n AUC, .. mcreased by 14 % mn female
female patients as compared to males.  patients as compared to males.

BBIL CL2/F changed linearly by -1.31% AUC, .. was decreased by 3% fora
per 1 uM difference to median BBIL  patient with BBIL of 5 uM (5&
of 9 uM 1 analysed population. percentile) and mcreased by 13% for a

patient with BBIL of 18 pM U/L l:‘:'a':"rdl
percentile) relative to a patient with the
median BBIL of 9 pM (median within
analyzed population).
*® AUC, ;, (dose normalized) was calculated as (F2+ffM1*F1) divided by CL2/F. The percentage change in AUC, ;; was
determined by varying values of the covanate of mterest while keeping all other covariates constant.

(Source: Table 10.1.4.2:2 from combined population PK report for IPF patients)
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2.6.2 Based upon what is known about E-R relationships in the target population
and their variability, what dosage regimen adjustments are recommended
for each group?

The differences in the exposure of nintedanib and BIBF 1202 are not sufficient to warrant
a dose adjustment in any subgroups. Changes in exposure due to individual covariates
were within the inter-patient variability range of nintedanib. Thus, changes in exposure
are unlikely to explain any differences observed in the efficacy/safety of the drug.

2.6.2.1 Severity of Disease State

Not assessed.

2.6.2.2 Body Weight

See Pharmacometrics Review as stated in response 2.6.1.

2.6.2.3 Elderly
See Pharmacometrics Review as stated in response 2.6.1.

2.6.2.4 Pediatric Patients

As nintedanib in IPF has been granted Orphan Drug Status, there is no Pediatric Study
Plan (PSP) included in this submission; per 21 CFR 314.55(d), Orphan Drugs are exempt
from the requirements to assess pediatric use under PREA.

2.6.2.5 Race/Ethnicity

See Pharmacometrics Review as stated in response 2.6.1.

The sponsor’s analysis divided patients into subgroups based on race and the country the
study site was located as shown in Table 17. The model predicted estimates of exposures
in Asians have higher exposures (as high as 50% increase in patients in Chinese,
Taiwanese sites) compared to Caucasians. The Sponsor’s rationale for grouping Asians
and Caucasians together in Indian sites is unclear. It is also unclear why Asian patients in
Korean sites have a 16% decrease in exposure compared to Caucasians. Due to the
reasons mentioned above, sponsor’s conclusion for impact of race on PK should be
viewed with caution.

Table 17: Subgroups for Race and Study site in Population PK analysis

Category RACE Study site

Caucasian Caucasian Any site located not
in India

Chinese Asian China

Korean Asian Korea

Taiwanese Asian Taiwan

Indian Asian or | India

Caucasian

Japanese Asian Japan

Other Asian Asian Country other than
China, Korea,
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Taiwan, India or
Japan

Black Black

American American

Indian/Alaska Indian/Alaska

native native

(Source :Reviewer’s summary)

2.6.2.6 Renal Impairment

The contribution of renal excretion after oral administration of nintedanib both as
unchanged drug (about 0.05% of dose; i.e., about 1% of the bioavailable fraction) and as
drug related radioactivity was minor (about 0.6% of dose). Therefore, no dedicated study
in renal impaired patients has been performed.

Creatinine clearance or GFR was investigated as a covariate in the Phase II/III PopPK
analysis and in several supportive data sets (see Pharmacometrics Review, appendix 4.1).
Overall, no significant effect of mild and moderate renal impairment as estimated by
these parameters on the PK of nintedanib was found; data on severe renal impairment
was too sparse to draw conclusions. The apparent trends for lower creatinine clearance or
estimated GFR to be associated with higher exposure to nintedanib in univariate analyses
could be explained reasonably well by patient age and/or body weight (estimation of
creatinine clearance by the Cockcroft-Gault equation).

2.6.2.7 Hepatic Impairment

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. Patients with total bilirubin greater than 1.5 x
ULN were also excluded. 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, and nintedanib is not recommended in patients
with moderate or severe hepatic impairment.

b) @

Reviewer’s comment

Nintedanib was not evaluated in patients with Child Pugh B or C hepatic impairment.
Therefore, nintedanib is not recommended in patients with moderate or severe hepatic
impairment.

2.6.3  Does genetic variation impact exposure and/or response?
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Datasets from three studies (studies 119.06, 119.10, and 119.75) were used to conduct a
meta-analysis evaluating the impact on UGT1A1*28 on the PK of nintedanib (BIBF
1120) and its metabolites (BIBF 1202 and BIBF 1202 glucuronide). According to the
Sponsor’s analysis, exposure to the active parent compound and the active metabolite
BIBF 1202 is not affected by UGT1A1*28 genotype. BIBF 1202 glucuronide exposure
appears to be lower in UGT1A1*28 homozygotes; however, since BIBF 1202
glucuronide does not have known biological activity, the consequences of this are
unlikely to impact safety or efficacy of nintedanib.

®®

2.7 Extrinsic Factors

2.7.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?

The potential for drug-drug interaction because of induction or inhibition of CYP
enzymes or transporters by nintedanib is less likely at therapeutic concentrations. See
sections 2.7.2 and 2.7.4 for further details.

2.7.2 Is the drug a substrate of CYP enzymes?

A minor extent of the biotransformation of nintedanib consisted of CYP pathways,
predominantly CYP3A4. CYP3A4 pathway yielded a metabolite that could not be
detected in plasma in the human [14C]-ADME study but only in excreta, predominantly
feces (4% of dose). In vitro, CYP dependent metabolism accounted for about 5%
compared to about 25% ester cleavage.

The prevalent metabolic reaction was rapid hydrolytic cleavage by esterases resulting in
the acid moiety BIBF 1202. BIBF 1202 was subsequently glucuronidated by UGT
enzymes, namely UGT 1A1, UGT 1A7, UGT 1AS8, and UGT 1A10 to BIBF 1202
glucuronide.

2.7.3 Is the drug an inhibitor and/or an inducer of enzymes?

Nintedanib and its metabolites do not inhibit or induce CYP enzymes or UGT enzymes at
clinically relevant concentrations. In vitro studies demonstrated little or no inhibition of
1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4, 4A11, UGT1A1 or UGT2B7 activities
for nintedanib, BIBF1202 or BIBF1202 glucuronide. Nintedanib weakly inhibited
erythromycin N-demethylation via CYP 3A4 with an ICso of 70.1 uM (one out of four
substrates); BIBF 1202 glucuronide inhibited flurbiprofen 4'- hydroxylation via CYP 2C9
with an ICso of 85.5 uM (one out of three substrates). All other ICso values were above
100 uM (resp. 50 uM for CYP 2C8 inhibition by nintedanib, which was the highest
concentration tested). The ICso for UGT 1A1 dependent B-estradiol metabolism was 24.5
uM for nintedanib and >200 uM for BIBF 1202. UGT 2B7 dependent B-estradiol
metabolism was inhibited by nintedanib with an 1Cso of 77.6 uM and an ICs0>200 uM for
BIBF 1202.
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In vitro inhibition experiments of BIBF 1202 glucuronidation were performed with
several compounds. Inhibition was competitive for the following compounds; the
respective ICso values are given in brackets: docetaxel (7.6 pM), paclitaxel (8.8 uM),
simvastatin (84.5 uM), domperidone (25.0 uM), and diclofenac (78.6 uM). The 1Cso for
nintedanib inhibiting BIBF 1202 glucuronidation (competitive) was 1.7 uM; the Kivalue
was 12.6 uM.

The in vitro induction potential of nintedanib on human CYP enzymes was assessed in
sandwich cultured primary human hepatocytes using a concentration range of 0.001 to 2
uM. Neither induction of enzyme activity nor mRNA levels was found for any of the
P450 enzymes tested (CYP 1A2, 2B6, 2C8, 2C9, 2C19, and 3A4).

2.7.4 Is the drug a substrate, an inhibitor and/or an inducer of transporter
processes?

In in vitro studies, nintedanib was shown not to be a substrate of OATP-1B1, OATP-1B3,
OATP-2B1, OCT-2, MRP-2, or BCRP. In vitro studies also showed that nintedanib was
a substrate of OCT-1; these findings are considered to be of low clinical relevance.

Nintedanib inhibited OCT-1 mediated transport with an ICso of 0.88 uM (Table 18);
inhibition of P-gp was not clearly concentration-dependent. Maximum inhibition to
72.9% of the control value was observed at the intermediate concentration (3 uM), while
transport increased back to nearly 100% at the highest concentration (30 uM). BIBF 1202
showed inhibition of four investigated uptake transporter with ICso values of 14 pM and
higher. BIBF 1202 glucuronide only weakly inhibited P-gp and MRP-2 at concentrations
of 100 uM with 55% and 58 % of transport activity remaining, respectively.

Table 18. Transporter profiling of nintedanib, BIBF 1202, and BIBF 1202 glucuronide

Nintedanib BIBF 1202 BIBF 1202 glucuronide
Transporter Substrate Inhibitor/ICs;* Substrate Inhibitor/ICsy* Substrate Inhibitor/ICs*

SLC-transporter

OATP-1BlI No No (10 pM) Yes 14 uM No No (100 uM)
OATP-1B3 No No (10 uM) No 79 uM No No (100 uM)
OATP-2B1  No No (10 pM) Yes 50 uM No nd

OCT-1 Yes 0.88 uM No 16 uM No nd

OCT-2 No No (30 uM) No No (100 pM) nd No (100 uM)
OAT-1 nd nd nd nd nd No (100 uM)
OAT-3 nd nd nd nd nd No (100 uM)
ABC-transporter

P-gp Yes Weak (30 uM)® No No (30 uM) nd Weak (100 uM)
MRP-2 No No(30uM)  No No (30 uM) Yes Weak (100 uM)
BCRP No Weak (30 uM)™ No Weak (30 uM)  Yes No (100 uM)
nd not determined

# ICs, not determined as inhibition was not clearly concentration dependent: expected to be >30 uM

* The highest concentration tested is given in brackets

(Source: Table 3.1.8:1, summary of clinical pharmacology)

2.7.5 Are there other metabolic/transporter pathways that may be important?

No other metabolic enzyme or transported pathway is known to be important for
disposition of nintedanib in addition to those already discussed in sections 2.7.2 and 2.7.4
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2.7.6

What extrinsic factors influence exposure and/or response, and what is the

impact of any differences in exposure on effectiveness or safety responses?

The effect of extrinsic factors on nintedanib exposure was summarized in Table 19.

Table 19. Extrinsic Factors

Nintedanib

Co-

administered

drug Rationale AUCM Cmax Dosing recommendation
Inhibitor of patients should be monitored closely for
P-gp, tolerability of nintedanib. Management of
CYP3A4, adverse reactions may require interruption,
and dose reduction, or discontinuation of

Ketoconazole UGT 1A1 T60% | 1783% | therapy.
Inducer of
P-gp and

Rifampicin CYP3A4 1 50% 1 40% No specific recommendation
pH dependent

Antacids dissolution,

(Phase 3, Concomitant
Ctrough) medicine — — Not mentioned in label

Concomitant

Pirfenidone medicine 132% 140% Not mentioned in label
Relevant

Smoking patient

(pop-PK) population 121% Not mentioned in label

(Source: Reviewer summary)

2.7.7 What are the drug-drug interactions?

-Effect of other drugs on Nintedanib

Effect of co-administration of ketoconazole, rifampicin, antacid, and pirfenidone on
nintedanib exposure (AUC) and C,,.x was evaluated (Table 19).

Nintedanib is a substrate of P-gp. A minor extent of the biotransformation of nintedanib
consisted of CYP pathways. Co-administration with ketoconazole (P-gp and CYP3A4
inhibitor) increased exposure to nintedanib 1.61-fold based on AUC and 1.83-fold based
on Cpay in a dedicated drug-drug interaction study. In a drug-drug interaction study with
the P-gp and CYP3 A4 inducer rifampicin, exposure to nintedanib decreased 50.3% based
on AUC and 60.3% based on Cp,x upon co-administration with rifampicin compared to
administration of nintedanib alone.

Based on a multiple-dose study in Japanese IPF patients, exposure to nintedanib
decreased 68.3% based on AUC and 59.2% based on Cpax upon co-administration with
pirfenidone compared to administration of nintedanib alone.
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Nintedanib displays a pH-dependent dissolution with increased solubility at acidic pH<3.
However, based on steady state trough concentrations from Phase 3 PK data, co-
administration with proton pump inhibitors or histamine H2 antagonists did not influence
the exposure of nintedanib (Table 20). This data should be interpreted with caution as the
co-medication information may not reflect the medication use on the day of PK sampling,
and the Ctrough may not capture the action of antacid in absorption phase.

Table 20. Trough concentration in patients with or without co-medications of antacids

Study Co-medication N Nintedanib gCV (%) | Ratio with co-
Cpre,ss,norm med/without co-med
gmean
(ng/ml/mg)

Study With PPI-H2RA 113 0.0608 63.1 0.93

1199.32 Without PPI-H2RA 144 0.0654 80.8

Study With PPI-H2RA 97 0.0765 70.3 1.17

1199.34 Without PPI-H2RA 186 0.0654 70.3

(Source: adapted from Table 11.5.2.3:1, CSR 1199.32 and Table 11.5.2.3:1, CSR 1199.34)

From population pharmacokinetic analysis, smoking status was found to significantly
influence the exposure of nintedanib with a 21% lower bioavailability in current smokers
compared to ex- and never-smokers.

-Effect of Nintedanib on other drugs
Effect of nintedanib co-administration on pirfenidone AUC and C,,x was evaluated.
Nintedanib did not have a relevant effect on the PK of pirfenidone.

In in vitro studies, nintedanib was shown not to be an inhibitor of OATP-1B1, OATP-
1B3, OATP-2B1, OCT-2, or MRP-2. In vitro studies also showed that nintedanib has
weak inhibitory potential on OCT-1, BCRP, and P-gp. Nintedanib and its metabolites,
BIBF 1202 and BIBF 1202 glucuronide, did not inhibit or induce CYP enzymes in vitro.

Reviewer’s comments

1. Coadministration with ketoconazole significantly increased AUC and Cpax Of
nintedanib by ~60% and 83%, respectively. Therefore, patients should be monitored
closely for tolerability of nintedanib. Management of adverse reactions may require
interruption, dose reduction, or discontinuation of therapy with nintedanib.

Ketoconazole is a potent inhibitor for CYP3A4 and also an inhibitor for P-gp. While
the absolute bioavailability for nintedanib parent drug is only 4.67%, mass balance
study indicated that 65-80% of the total oral dose was excreted as metabolites (see
section 2.5.6) and only 20% of the total dose was excreted as parent drug. The data
suggested that 65-80% of the oral dose was absorbed through Gl tract and inhibition
of P-gp is not likely to have a significant effect on the extent of oral absorption.
Therefore, this reviewer concluded that P-gp inhibition cannot fully explain the
increased exposure of nintedanib with ketoconazole, and CYP3A4 inhibition in Gl
tract and liver by ketoconazole may contribute to the increased nintedanib exposure.

2. Coadministration with rifampicin significantly reduced AUC and Cpax of nintedanib
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by ~50% and 40%, respectively. Rifampicin is an inducer for CYP3A4 and P-gp.
These lower exposures may result in inefficacious concentrations, therefore,
coadministration with rifampicin or other CYP3A4 and P-gp inducers is not
recommended.

3. No significant change in steady state trough concentrations of nintedanib was
observed following co-administration with antacids. Since trough concentration is not
a sensitive measure to evaluate the effect of antacids on drug absorption/exposure, a
subgroup analysis for efficacy was also conducted utilizing data from phase 3 trials.
Patients in the treatment arm taking proton pump inhibitor and H2-receptor
antagonists showed slightly reduced efficacy with respect to annual rate of decline in
FVC compared to patients without these co-medications (Table 21). However, a
relatively larger effect was observed for patients in the placebo arm suggesting
patients who needed these co-medications were likely to be poor responders due to
other factors that are not related to drug exposure. Therefore, no dose adjustments
are recommended.

Table 21. Subgroup analysis for efficacy by patients with/without concomitant use of PPI and H2
receptor antagonists

PPI + H2 receptor Annual rate of decline
Treatment arm antagonists N in FVC (ml/yr)

Study 32

Placebo No 175 -221.49

Placebo Yes 29 -315.62

Nint 150 mg No 236 -108.07

Nint 150 mg Yes 73 -137.58
Study 34

Placebo No 171 -204.46

Placebo Yes 48 -244.99

Nint 150 mg No 259 -111.43

Nint 150 mg Yes 70 -113.92

(Source: reviewer analysis)

4. Following co-administration with pirfenidone, nintedanib AUC decreased by ~32%
and Cogyx reduced by ~40%, possibly due to CYP3A4 induction in liver and GI tract
by pirfenidone. More AEs were observed when pirfenidone was co-administered with
nintedanib. It is not clear whether the two drugs have additive or synergistic effect in
efficacy. Given the limited data, no dose adjustments are recommended at this time.

2.7.8 Does the label specify coadministration of another drug?
No, the nintedanib label does not mention specific coadministration with other drugs.

2.7.9 What other co-medications are likely to be administered to the target
population?
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All IPF patients are likely to take nintedanib in background of other drugs to treat IPF
such as pirfenidone; supportive treatment to relieve symptoms of IPF, such as oxygen
therapy, bronchodilators, and antibiotics; and drugs that manage GERD such as PPI.

IPF is more likely to occur in old age patients; therefore, there is a potential for other
drugs such as anti-hypertensives, anti-diabetic, anti-hyperlipidemic etc. to be
administered with nintedanib.

2.7.10 Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions?

Nintedanib is a VEGFR inhibitor, and may increase the risk of bleeding. Nintedanib may
increase the effect of anticoagulation treatment. Patients receiving a full dose of
anticoagulant were excluded in the phase 3 trials. Monitor patients closely for bleeding
potential and adjust anticoagulation treatment as necessary.

2.8 General Biopharmaceutics

2.8.1 Based on the biopharmaceutic classification system principles, in what class
is this drug and formulation? What solubility, permeability and dissolution
data support this classification?

Sponsor proposed that nintedanib can be considered a BCS class 2 or 4 drug because of
low aqueous solubility at neutral pH.

BIBF 1120 ethanesulfonate is classified as a drug substance with low solubility according
to BCS (Biopharmaceutical Classification System). In terms of permeability, BIBF 1120
does not display straightforward pharmacokinetic and metabolic properties during the
absorption phase, after oral application, that are solely governed by its physicochemical
properties. In vitro, BIBF 1120 exhibits high passive permeability in the absence of
active transport, however, in vivo absorption in the gastrointestinal tract is influenced by
P-glycoprotein. BIBF 1120 is rapidly metabolized intracellularly by esterases to the
resulting acid (BIBF 1202). Thus, BIBF 1120 can be classified as a BCS class II drug
substance (low solubility — high permeability) or as BCS class IV (low solubility — low
permeability).

Reviewer’s comment: Based on dissolution profile (Figure 10), there is potential for
drug interaction with antacids.
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Solubility BIBF 1120 ES
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Figure 10. pH-dependent solubility profile of BIBF 1120 ethanesulfonate in aqueous media at 37°C
(Source: Figure 2, study 09/222-02, report U10-1363-02)

2.8.2 How is the proposed to-be-marketed formulation linked to the clinical service
formulation?

Whereas initial clinical trials were performed with the dosage strengths 50 and 200 mg
only, subsequent clinical trials were carried out with capsules of the dosage strengths 100
mg, 125 mg, and 150 mg. The capsule fill mix remained unchanged compared with the
one used in capsules (50 and 200 mg) for initial clinical trials. No BA/BE studies were
conducted as composition of the 100 mg and 150 mg soft gelatin capsules used in the
phase III trials and the final commercial formulation are the same. Please refer to review
by Office of New Drug Quality Assessment (ONDQA) for further details regarding
formulation changes.

2.8.3 What is the effect of food on the bioavailability of the drug when
administered as solution or as drug product?

The effect of food was investigated in a dedicated study in healthy volunteers 1199.17.
Nintedanib was administered at a dose of 150 mg consisting of three 50 mg capsules after
an over-night fast of at least 10 hours or after a high-fat, high-caloric meal.

Exposure (AUCo-«and Cmax) increased at mean by about 20% when nintedanib was
administered under fed conditions. The absorption of nintedanib was delayed (median
Tmax; fasted: 2.00 h; fed: 3.98 h) and the inter-subject variability of total exposure
increased under fed conditions (gCV of AUCo-: fasted: 33.0%, fed: 53.9%).

No relevant differences regarding food effect were seen with respect to the meal type in
an across study comparison; exposure to nintedanib was comparable following
administration as soft gelatin capsule after intake of a standard continental breakfast
(1199.21) or a high caloric meal (1199.17; Table 22).

Table 22: Geometric mean pharmacokinetic parameters (%gCV) of nintedanib after single oral
administration of 150 mg nintedanib as capsule in studies 1199.17 and 1199.21 after different meals
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Capsule, fed Capsule, fed
(standard breakfast)
(Study 1199.21; N=36)

128 (32.6%)

(high fat, high caloric breakfast)
(Study 1199.17; N=15)
119 (53.9%)

AUC(, (ng'h/mL)

AUC 54 (ng'h/mL) 94.5 (31.2%) 90.2 (52.9%)

Cmax (ng/mL) 13.7 (42.8%) 13.2 (61.6%)

toax () * 2.00 (0.750-6.00) 3.98 (1.50-6.05)
(Source — Table 3.2.1:1, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical
Methods)

2.8.4 Was the bioequivalence of the different strengths of the to be marketed
formulation tested? If so were they bioequivalent or not?

There are two strengths of the to-be-marketed formulation, 100 mg and 150 mg soft
gelatin capsule. No dedicated bioequivalence study was conducted to test the BE between
the two strengths. The normalized exposure comparison was similar between the two
strengths based on inter-individual comparison (Table 23).

In addition, the CL/F(ss) did not change with dose in studies which used soft gelatin
capsules of 50mg and 200mg strength (section 2.5.12). This data suggested both linear
kinetics and similar normalized exposure among capsules of different strengths. Overall,
no considerable deviation from dose proportionality was found across different strength
of capsules, and the formulation/strength used in phase 3 trials and the final commercial
products are the same. Therefore, no additional BA/BE studies are necessary.

Table 23. Geometric mean (and gCV %) of pharmacokinetic parameters of nintedanib after oral
administration of nintedanib as soft gelatin capsule to Japanese IPF patients

Study Strength Dose, n AUCT,SS, norm Cinax, ss, norm
/population (mg/ Fed (h*ng/mL/mg) (h*ng/mL/mg)
capsule) (mg)
1199.31/ 100 100 4 1.15 0.200
IPF BID
150 150 9 1.45 0.264
BID

(Source: Table 11.5.2.2.1:1, study report 1199.30)
2.9 Analytical Section

2.9.1 How are parent drug and relevant metabolites identified and what are the
analytical methods used to measure them in plasma and other matrices?

The concentrations of the free base of nintedanib and its metabolites BIBF 1202 and
BIBF 1202 glucuronide were quantified in human plasma and urine samples. Analytical
methods used to measure the parent drug in different studies are listed in Table 24.

Several specific and highly sensitive HPLC-MS/MS methods (high-performance liquid
chromatography coupled to tandem mass spectrometry) and UPLC-MS/MS methods
(ultra-high performance liquid chromatography coupled to tandem mass spectrometry)
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were developed and validated for human EDTA plasma and acidified urine. Single and
multi-analyte assays for the simultaneous quantification of two or three analytes within
one analytical run were developed and validated.

Different analytical methods were developed and validated throughout the development,
and there are 17 analytical reports submitted in this NDA. Analytical methods used in
different studies are listed in Table 24. The best lower limit of quantification (LLOQ) for
nintedanib is 0.05 ng/mL for nintedanib, 0.1ng/mL for BIBF1202, and 0.1ng/mL for
BIBF1202 glucuronide. At a single clinical dose of nintedanib (150 mg or 100 mg),
plasma concentrations of nintedanib can be measure up to 48 h post dose.

Assays were developed and validated, and samples were analyzed in two sites:
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach, Germany (BI) and = ®©

. In this review, we summarized the most
common method for the parent drug and metabolites in plasma, which were used to
analyze samples in most of the pop-PK studies and DDI studies.

Analytical method for BIBF1120, BIBF1202 and BIBF1202 GLUC in plasma:
report # U10-1387, U10-1149. and U13-1532

An assay for the simultaneous determination of BIBF 1120 BS, BIBF 1202 ZW, and
BIBF 1202 GLUC in human plasma was developed and validated (U10-1149). The
validated assay was then transferred ®@ the assay was fully validated, and a
cross-validation with the original assay was performed (U10-1387). U10-1149 and U10-
1387 were validated over the concentration range of 0.500 to 500 ng/mL BIBF 1120 BS
and 1.00 to 1000 ng/mL BIBF 1202 ZW and BIBF 1202 GLUC, respectively, using a
sample volume of 50 pL.

In order to support clinical studies investigating a lower nintedanib dose, e.g. 1199.161,
the assay was modified and revalidated with a lower concentration range of 0.0500 to
50.0 ng/mL BIBF 1120 BS and 0.100 to 100 ng/mL BIBF 1202 ZW and BIBF 1202
GLUC using a sample volume of 50 pLL human plasma. The results of this validation
study performed by ®® are reported in U13-1532.

Table 24: Summary of analytical methods for analysis of nintedanib in clinical

Study Clinical study Analyte(s) Matrix [Method reference |Remarks
report reference
BIBF 1120 BS: ‘ ®@
1199.31 |[U11-2158] BIBF 1202 ZW; plasma |[U10-1387]° Analysed at
BIBF 1202 GLUC
BIBF 1120 BS: _
1199.32 BIBF 1202 ZW: plasma |[U10-1387]° Analysed at
BIBF 1202 GLUC
BIBF 1120 BS;
1199.34 BIBF 1202 ZW: plasma |[U10-1387]° Analysed at
BIBF 1202 GLUC
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BIBF 1120 BS:
BIBF 1202 ZW
1199.30 [[U11-1225] BIBF 1120 BS:
BIBF 1202 ZW:  |plasma |[U10-1149]%
BIBF 1202 GLUC
1199.161 |[U13-1925] BIBF 1202 ZW:  [plasma |[U13-1532]° Analysed at

BIBF 1202 GLUC
BIBF 1120 BS:
1199.162 |[U13-1478] BIBF 1202 ZW: plasma [L'l3-153.‘2]s Analysed at
BIBF 1202 GLUC
BIBF 1120 BS:
BIBF 1202 ZW: |plasma |[U10-1149]*
- BIBF 1202 GLUC
1199.75 |[U10-1400] BIBE 1130 BS.

BIBF 1202 ZW: urine  |[U10-1666] Analysed at
BIBF 1202 GLUC
(Source — Table 1.4.1:2, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical
Methods)

plasma |[U08-1519]

2.9.2 Which metabolites have been selected for analysis and why?

Two major metabolites, BIBF1202 and BIBF1202 GLUC were analyzed in phase 2 and 3
studies.

2.9.3 For all moieties measured, is free, bound, or total measured?
Total (bound + unbound) concentrations were measured in plasma PK samples.

2.9.4 What bioanalytical methods are used to assess concentrations of the measured
moieties?
Table 24 presents a summary of analytical methods used for quantification of nintedanib
and lists out the respective validation report numbers.

U10-1149 and U10-1387

50 pL human plasma was mixed with the solution of the deuterated internal standards
[Ds]BIBF 1120 BS, [Ds]|BIBF 1202 ZW and [Ds|BIBF 1202 GLUC and samples were
cleaned up by solid phase extraction (SPE) in the 96-well plate format. Chromatography
was achieved on an analytical C18 ®¢ column b

. The substances were detected by UPLC-MS/MS 1n the
positive electrospray 1onisation mode.

U13-1532

50 pL human plasma was mixed with the solution of the deuterated internal standards
[Ds]BIBF 1120 BS, [Ds]BIBF 1202 ZW and [Ds]BIBF 1202 GLUC and samples were
cleaned up by solid phase extraction (SPE) in the 96-well plate format. Chromatography
was achieved on an analytical C18 ® column o4

The substances were detected by HPLC-MS/MS 1n the positive
electrospray 1onisation mode.
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2.9.5 What is the range of the standard curve? How does it relate to the requirements
for clinical studies? What curve fitting techniques were used?

U10-1149 and U10-1387

The standard curves were validated over the concentration range of 0.500 to 500 ng/mL
for BIBF 1120 BS and 1.00 to 1000 ng/mL for BIBF 1202 ZW and BIBF 1202 GLUC,
respectively. A linear regression model, with weighting factor of 1/concentration” was
used for the curve fitting.

Ul13-1532

The standard curve were validated in plasma using method U13-1532 ranged from 0.05
to 50 ng/mL for BIBF 1120 BS and 0.1 to 100 ng/mL for BIBF 1202 ZW and BIBF 1202
GLUC, respectively.. A linear regression model, with weighting factor of
1/concentration” was used for the curve fitting.

2.9.5.1 What are the lower and upper limits of quantitation?

U10-1149 and U10-1387

LLOQ and ULOQ for U10-1149, U10-1387 analytical method were 0.500 and 500
ng/mL BIBF 1120 BS as well as 1.00 and 1000 ng/mL BIBF 1202 ZW and BIBF 1202
GLUC, respectively, using sample volumes of 50 pLL human plasma. The acceptance
criteria were not met for all analytes when using either of the automated dilution modes.
However, the manual 1:9 (v/v) and 1:99 (v/v) dilution fulfilled the acceptance criteria for
all three analytes.

U13-1532

LLOQ and ULOQ for U13-1532 analytical method were 0.05 ng/mL and 50 ng/mL BIBF
for 1120 BS and 0.1 and 100 ng/mL for BIBF 1202 ZW and BIBF 1202 GLUC,
respectively, using sample volumes of 50 uL. human plasma. A 10-fold dilution factor
was validated for 200/400/400 ng/mL concentration.

2.9.5.2 What are the accuracy, precision, and selectivity at these limits?
The accuracy and precision of analytical methods U10-1149, U10-1387 and U13-1532
are listed in Table 25, Table 26 and Table 27, respectively.

Table 25: Accuracy and Precision of Nintedanib Analytical LC/MS/MS Assay in human plasma at a
lower concentration range (Validation Report # U13-1532)

BIBF 1120 BS LLOQ QC low QC mid QC high
| Nominal concentration | 0.0500 ng/ml | 0.125ng/ml | 250ngml | 400ng/ml
Accuracy (dev) 9.4% 3.7% 6.3% 2.5%
Precision (CV) 11.2% 7.8% 7.8% 9.0%
N 24 22 22 22
BIBF 1202 ZW
| Nominal concentration | 0.100ng/ml, | _0.250ng/mb | 5.00ng/mL | ! 800 ne/ml,
Accuracy (dev) 7.5% 9.0% 5.4% -3.4%
Precision (CV) 8.7% 8.8% 9.1% 9.6%
N 24 22 22 22
BIBF 1202 GLUC
Nominal concentration 0.100 ng/mL 0.250 ng/mL 5.00 ng/mL 80.0 ng/mL
CAccuracy (devy [T R 6.5% 1T 123% TRy T
Precision (CV) 16.2% 10.0% 7.5% 9.6%
N 24 22 22 22
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(Source — Table 1.4.3.1:4, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical
Methods)

Table 26: Accuracy and Precision of Nintedanib Analytical LC/MS/MS Assay (Validation Report #

U10-1387)
BIBF 1120 BS LLOQ QC low QC mid QC high
_Nominal concentration | 0.500ng/ml, | 125ngml | 250ngmL | - 400 ng/ml |
Accuracy (dev) -2.8% -1.4% 1.1% -2.1%
Precision (CV) 11.5% 7.0% 3.2% 5.3%
N 24 27 28 28
BIBF 1202 ZW
_Nominal concentration | 100ngmL | _ 250ng/ml | 500ng/ml | 800 ng/ml ___|
Accuracy (dev) -3.1% -0.3% 5.1% -0.4%
Precision (CV) 13.3% 6.5% 2.5% 5.2%
N 24 27 28 28
BIBF 1202 GLUC
_Nominal concentration. | 1.00ngml | 250ngml | 500ngmL | 800 ngml |
Accuracy (dev) 7% 4.3% 8.1% 4.0%
Precision (CV) 8.3% 7.2% 34% 5.6%
N 24 27 28 28

(Source — Table 1.4.3.1: 3, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical

Methods)
Table 27: Accuracy and Precision of Nintedanib Analytical LC/MS/MS Assay (Validation Report #
U10-1149)
BIBF 1120 BS [ LroQ | QC low [ QC mid [ QC_high
Original method core validation
. Nomunal concentration. | 0.500ngml | ] 125ngml | 250ngml | 400 ngml |
Accuracy (dev) 2.6% 2.1% -7.6% -2.8%
Precision (CV) 10.3% 5.2% 2.3% 3.7%
N 18 10 10 10
BIBF 1202 ZW
Onginal method core validation
| Nouunal concentation. | 1.00 ngml, | 250ngml | 30.0ngml 4 800 ngml |
Accuracy (dev) 1.4% 4.4% -6.8% 0.6%
Precision (CV) 5.5% 1.8% 3.7% 2.4%
N 18 10 10 10
BIBF 1202 GLUC
Onginal method core validation
| Nomumal concentration | 1.00ngml | 250ngml | 300 ngml | | 800 ngml |
Accuracy (dev) -0.2% -2.2% -8.6% -4.4%
Precision (CV) 6.8% 5.7% 2.8% 2.5%
N 18 10 10 10

(Source — Table 1.4.3.1: 2, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical
Methods)

The selectivity of all the methods was evaluated by extracting and analyzing blank
human plasma from 10 individual sources. All lots were free from significant interfering
peaks in the drug and internal standard regions. Assessment of potential mutual
mterferences on the detection of the internal standards and the analytes was performed in
neat solutions. No relevant interference between the analytes or the internal standards
was observed.

2.9.5.3 What is the sample stability under conditions used in the study?

As nintedanib is a substrate of esterase, the stability of nintedanib and its major
metabolites in plasma was investigated early in the drug development program. Table 28
summarizes the longest storage periods for which the stability of nintedanib in a given
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biological matrix could be demonstrated. Generally, a deviation of less than 15% from
the respective reference value or nominal concentration was considered acceptable.

The stability data suggested that there was no extensive hydrolytic degradation of
nintedanib in blood. The stability of BIBF 1202 and BIBF1202 GLUC is similar to that
of nintedanib.

Table 28. Stability of BIBF 1120 BS in biological matrices

Matrix Condition Longest verified storage period
Human whole-blood (EDTA) | Storage at room temperature | 4howes
Storage in an ice/water bath 3 hours
Human plasma (EDTA), .Storage at room temperature |, 348YS e
standard concentration range | Freeze/thaweyeles | 3eyeles e
Storage at -20°C 615 days
Human plasma (EDTA). _Storage at room temperature | 24hours .
low concentration range Freeze/thaweyeles | Jeyeles
Storage at -20°C 371 days
Acidified” human urine _Storage at room temperature | 48 howrs
Storage at 37°C__ 48hours
Freezefthaweyeles | Seyeles
Storage at -20°C 1498 days

§: contammng 0.5 M citric acid

(Source: Table 1.4.5:1, Summary of biopharm)

For the bioanalytical methods stability was demonstrated under different conditions as
discussed below:

BIBF1120 BS. methods U10-1149, U10-1387 and U13-1532

Stability of BIBF1120 BS was established under various conditions: Three freeze thaw
cycles at -20°C; stability of processed samples (auto sampler reinjection and
reproducibility) for 24 hours. Stock solution stability was also assessed for 250 days at
room temperature and 369 days at 4°C.

BIBF 1202, methods U10-1149, U10-1387 and U13-1532

Stability of BIBF1202 was established under various conditions: Three freeze thaw
cycles at -20°C; stability of processed samples (auto sampler reinjection and
reproducibility) for 24 hours. Stock solution stability was also assessed for 250 days at
room temperature and 369 days at 4°C.

BIBF 1202 GLUC, methods U10-1149, U10-1387 and U13-1532
Stability of BIBF1202 GLUC was established under various conditions: Three freeze
thaw cycles at -20°C; stability of processed samples (auto sampler reinjection and

reproducibility) for 24 hours. Stock solution stability was also assessed for 391 days at -
20°C.

NDA205832 Page 45 of 119
Reference ID: 3620675



3. Detailed Labeling Recommendations

The revised labeling language based on the preliminary review is as below. Based on the
clinical pharmacology review, most revisions were on drug-drug interactions and
recommendations for hepatic impairment patients. In addition, we have the following
comment to the sponsor:

“a. Update your clinical pharmacology section based on the draft guidance “Clinical
Pharmacology Labeling for Human Prescription Drug and Biological Products—
Considerations, Content and Format.”
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guid
ances/UCM109739.pdf)

b. You stated that “Accumulation upon multiple administration was e

. Update the numbers, preferably with oral doses in IPF patients
or healthy subjects. If different accumulations were observed in different studies, use the
higher number in the label (e.g. accumulation is up to xx fold). Under the annotated label,
provide the source study/data to support the claim in the label (not just general “see
summary of clinical pharmacology”).
¢. Under elimination/excretion, you stated that e

. The half-life value reported should usually be the half-life
based on the time to reach steady state (i.e., the effective half-life). Replace this statement
with effective half-life in IPF or healthy subjects.

d. For renal impairment, update the information with results of your popPK report in IPF
patients (pop PK 1199-0030-0032-0034).”

HIGHLIGHTS OF PRESCRIBING INFORMATION

DRUG INTERACTIONS

e Coadministration of  ® @ _P-gp and CYP3A4 inhibitors may increase nintedanib exposure. Monitor patients closely for tolerability of
TRADENAME. (7.1)

o Nursing mothers: Discontinue nursing or discontinue the drug, taking into account the importance of the drug to the mother. (8.3

o Hepatic impairment: Monitor for adverse reactions and consider dose modification or discontinuation of TRADENAME as needed for
patients with mild hepatic impairment. TRADENAME is not recommended for use in patients with moderate or severe hepatic
impairment. (8.6, 12.3)

e Renal impairment: The safety and efficacy of TRADENAME have not been studied in patients with severe renal impairment and end
stage renal disease.(8.7, 12.3)

e Smokers: Decreased exposure has been noted in smokers which may alter the efficacy profile of TRADENAME (8.8)

7 DRUG INTERACTIONS

7.1 P-glycoprotein (P-gp) Inhibitors and Inducers

Nintedanib is a substrate of P-gp and to a minor extent, CYP3A4[see Clinical
Pharmacology (12.3)]. Coadministration with oral dose ofa’  ““-P-gp and CYP3A4
inhibitor, ketoconazole, increased exposure to nintedanib by 60%. Concomitant use of
potent P-gp and CYP3A4 inhibitors (e.g., erythromycin) with TRADENAME may
increase exposure to nintedanib [see Clinical Pharmacology (12.3)]. In such cases,
patients should be monitored closely for tolerability of TRADENAME. Management of
adverse reactions may require interruption, dose reduction, or discontinuation of therapy
with TRADENAME [see Dosage and Administration (2)].
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Coadministration with oral dose ofa’  ®® P-gp and CYP3A4 inducer, rifampicin,
decreased exposure to nintedanib by 50%. Concomitant use of  ®“P-gp and CYP3A4
inducers (e.g., carbamazepine, phenytoin, and St. John’s wort) with TRADENAME
should be avoided as these drugs may decrease exposure to nintedanib [see Clinical
Pharmacology (12.3)].

7.2 _Anticoagulants
Nintedanib is a VEGFR inhibitor, and may increase the

and adjust anticoagulation
treatment as necessary [see Warnings and Precautions (5.5)].

8 USE IN SPECIFIC POPULATIONS

8.6 Hepatic Impairment

Nintedanib is predominantly eliminated via biliary/fecal excretion (>90%) [see Clinical
Pharmacology (12.3)]. No dedicated PK study was performed in patients with hepatic
impairment. Monitor for adverse reactions and consider dose modification or
discontinuation of TRADENAME as needed ek
for patients with mild hepatic impairment ®® (Child Pugh A). The
safety and efficacy of nintedanib have not been investigated in patients with hepatic
impairment classified as Child Pugh B or C. Therefore, treatment of patients with
moderate (Child Pugh B) and severe (Child Pugh C) hepatic impairment with
TRADENAME is not recommended /see Warnings and Precautions (5.2)].

8.7 Renal Impairment

Based on a single dose study. Fless than 1% of ®® the total dose of nintedanib is
excreted via the kidney /[see Clinical Pharmacology (12.3)]. Adjustment of the starting
dose in patients with mild to moderate renal impairment is not required. The safety,
efficacy, and pharmacokinetics of nintedanib have not been studied in patients with
severe renal impairment (<30 mL/min CrCl).

8.8 Smokers

Smoking was associated with decreased exposure to TRADENAME which may alter the
efficacy profile of TRADENAME. Encourage patients to stop smoking prior to
treatment with TRADENAME and to avoid smoking when using with TRADENAME
[see Clinical Pharmacology (12.3)].

12 CLINICAL PHARMACOLOGY

12.2 Pharmacodynamics

Cardiac Electrophysiology

Ina ®® study in renal cell cancer patients, QT/QTc measurements were recorded
and showed that a single oral dose of 200 mg nintedanib as well as multiple oral doses of
200 mg nintedanib administered twice daily for 15 days did not prolong the QTcF
interval.
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12.3 PharmacoKkinetics
The Pharmacokinetics (PK) properties of nintedanib were similar in healthy volunteers.
patients with IPF_and cancer patients.
The pharmaceolkineties{PKy of nintedanib ®®_is linear- B
Accumulation upon multiple administrations was 09

. Nintedanib trough concentrations remained stable for more than one year.

Absorption

Nintedanib reached maximum plasma concentrations approximately 2 to 4 hours after
oral administration as soft gelatin capsule under fed conditions e

The absolute bioavailability of a 100 mg dose was 4.69% (90% CI: 3.615 to 6.078) in
healthy volunteers. Absorption and bioavailability are decreased by transporter effects
and substantial first-pass metabolism.

®®

After food intake, nintedanib exposure increased by approximately 20% compared to
administration under fasted conditions (CI: 95.3% to 152.5%) and absorption was
delayed (median t,,,x fasted: 2.00 hours; fed: 3.98 hours).

Distribution

Nintedanib follows % bi-phasic disposition kinetics. After intravenous infusion, a
high volume of distribution ®@ (Vssi: 1050 L O was
observed. !

The in vitro protein binding of nintedanib in human plasma was high, with a bound
fraction of 97.8%. Serum albumin is considered to be the major binding protein.
Nintedanib is preferentially distributed in plasma with a blood to plasma ratio of 0.869.

Elimination
The effective half-life of nintedanib was between xx and xx hours.

Metabolism

The prevalent metabolic reaction for nintedanib is hydrolytic cleavage by esterases
resulting in the free acid moiety BIBF 1202. BIBF 1202 is subsequently glucuronidated
by UGT enzymes, namely UGT 1A1, UGT 1A7, UGT 1A8, and UGT 1A10 to BIBF
1202 glucuronide. Only a minor extent of the biotransformation of nintedanib consisted
of CYP pathways, with CYP 3A4 being the predominant enzyme involved. The major
CYP-dependent metabolite could not be detected in plasma in the human absorption,
distribution, metabolism, and elimination study. /n vifro, CYP-dependent metabolism
accounted for about 5% compared to about 25% ester cleavage.
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The major route of
elimination of drug-related radioactivity after oral administration of [**C] nintedanib was
via fecal/biliary excretion (93.4% of #), and the majority of
TRADENAME was excreted as BIBF 1202. The contribution of renal excretion to the

total clearance was low (0.649% of dos ). The overall recovery was
considered complete (above 90%) within 4 days after dosing.

Specific Populations

Hepatic Impairment
No dedicated PK study was conducted in patients with hepatic impairment. As
Igintedanib 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. Patients with total bilirubin

greater than 1.5 x ULN were also excluded. Therefore. monitor for adverse reactions and

consider dose modification or discontinuation of TRADENAME as needed for patients
with mild hepatic impairment.

Renal Impairment
Based on a population pharmacokinetic analysis of data from- patients with -

l I