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Abstract: There remains an unmet need for effective, well-tolerated treatment options in
advanced non-small cell lung cancer (NSCLC) to alleviate the disease burden for a broad selec-
tion of patients. Nintedanib is a potent, oral, triple angiokinase inhibitor of vascular endothelial
growth factor, fibroblast growth factor, and platelet-derived growth factor, and was recently
approved in Europe for use in combination with docetaxel for the treatment of adults with
locally advanced, metastatic, or locally recurrent NSCLC of adenocarcinoma tumor histology,
following first-line chemotherapy. Nintedanib has been investigated extensively in preclinical
research and in a number of clinical studies, the most important of which was the Phase 111
LUME-Lung 1 study, which investigated nintedanib in combination with docetaxel in patients
with advanced NSCLC after failure of first-line chemotherapy. In this study, which led to the
approval of nintedanib, addition of nintedanib to docetaxel significantly improved overall
survival in patients with adenocarcinoma histology. Nintedanib demonstrated a manageable
safety profile in combination with docetaxel. This review focuses on the clinical experience with
nintedanib in NSCLC and discusses the clinical potential of this agent for use in combination
with chemotherapy.

Keywords: nintedanib, non-small cell lung cancer, second-line treatment, docetaxel,

adenocarcinoma, antiangiogenesis

Introduction

Lung cancer is the most commonly diagnosed cancer, with an estimated incidence of
1.8 million new cases in 2012, representing 12.9% of all new diagnoses.' Lung can-
cer is also the leading cause of cancer mortality in the world, with a mortality rate of
nearly one in five (1.59 million deaths), which equates to 19.4% of all cancer deaths.'
Non-small cell lung cancer (NSCLC) is the most frequent type of lung cancer, account-
ing for more than 85% of all cases. NSCLC is composed of different histological types,
which are divided into two main groups that guide treatment strategy: non-squamous
carcinoma (comprising adenocarcinoma, large-cell carcinoma, and other cell types)
and squamous cell carcinoma.’

Proangiogenic pathways have been established as important and effective thera-
peutic targets in many cancers, including NSCLC, because they are essential for tumor
growth, progression, and metastasis.’ Bevacizumab, a monoclonal antibody that targets
vascular endothelial growth factor (VEGF), was the first antiangiogenic agent approved
for the treatment of non-squamous NSCLC as first-line therapy in combination with
platinum-based chemotherapy.>**

Platinum doublet-based chemotherapy, with or without bevacizumab, is currently
the standard first-line treatment option for patients with advanced NSCLC and no
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actionable biomarker.>*> However, approximately 25% of
patients with advanced NSCLC show disease progression
after the initial cycle of first-line chemotherapy, and most
patients will eventually experience relapse and disease pro-
gression, requiring second-line treatment.>%’ Furthermore,
a substantial number of patients are either intrinsically
refractory or develop resistance to bevacizumab-based
regimens.®

Agents that are currently recommended for second-line
treatment of NSCLC include the cytotoxic agents docetaxel
and pemetrexed (the latter for patients with non-squamous
histology), and the tyrosine kinase inhibitor erlotinib for
patients who are refractory to chemotherapy.** Despite a sig-
nificant amount of research over the last 10 years, no improve-
ments in overall survival compared with standard treatment
had been reported and, until the LUME-Lung 1 study, no
combination regimens investigated showed improvements
in overall survival in the second-line setting.”'¢

One strategy for improving efficacy, as well as over-
coming therapeutic resistance to bevacizumab, is to target
multiple angiogenic pathways. Nintedanib (Vargatef®;
Boehringer Ingelheim Ltd, Ingelheim, Germany) is a triple
angiokinase inhibitor (https://youtu.be/0gDnGFumAXE)
that simultaneously inhibits signaling pathways activated by

VEGTE, fibroblast growth factor (FGF), and platelet-derived
growth factor (PDGF). In November 2014, nintedanib was
approved in Europe for use in combination with docetaxel
for the treatment of adults with locally advanced, metastatic
or locally recurrent NSCLC of adenocarcinoma histology
after first-line chemotherapy.!’

The aim of the present article is to review the clinical
data to date for nintedanib in the second-line treatment of
NSCLC in terms of efficacy, safety, and quality of life, and
to explore the results of preliminary translational studies that
may provide a rationale for future investigations.

Pharmacology of nintedanib
Mechanism of action and

pharmacodynamics

Nintedanib is a 6-methoxycarbonyl-substituted indolinone
derivative that was identified in a chemical lead optimi-
zation program for ATP-competitive inhibitors of VEGF
receptor 2 and other proangiogenic receptor tyrosine
kinases.'®*? The binding of nintedanib to VEGF receptor
2 was confirmed by X-ray crystallography and was shown

to occur in the intracellular ATP-binding site in the cleft
between the NH, and COOH terminal lobes of the kinase
domain (Figure 1).'8

Figure | X-ray structure of nintedanib bound in the active site of the vascular endothelial growth factor receptor 2 crystal.
Note: Reprinted from Cancer Research, 2008;68(12):4774-4782, Hilberg F, Roth GJ, Krssak M, et al, BIBF | 120: triple angiokinase inhibitor with sustained receptor blockade

and good antitumor efficacy, with permission from AACR.'®
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Selective kinase inhibition profile

Extensive biochemical characterization of nintedanib
showed a potent and specific inhibition of the VEGF, FGF,
and PDGEF receptors, and low cross-reactivity with other
human kinases." Preclinical evidence indicated that inhibi-
tion of these kinases occurs through competitive inhibition,
with nintedanib occupying the ATP-binding sites of the
target kinases, thereby preventing their activation.'® Further
preclinical characterization of nintedanib through in vitro
inhibition assays revealed that nintedanib inhibits a distinc-
tive, narrow range of kinases at pharmacologically relevant
concentrations (Table 1).!* The targeted kinases include all
three VEGF receptor subtypes (half-maximal inhibitory
concentration [IC, ] 13-34 nmol/L), FGF receptor types 1,
2, and 3 (IC,; 69, 37, and 108 nmol/L, respectively), and
PDGF receptor-a. and receptor-f (IC,, 59 and 65 nmol/L,

Table I Summary of in vitro kinase inhibition profile of nintedanib

Kinase IC,, (nmol/L)*
VEGFR-| 3415
VEGFR-2 2113
VEGFR-2 (mouse) 13+4
VEGFR-3 13+10
FGFR-1 69+70
FGFR-2 3782
FGFR-3 108141
FGFR-4 610+117
PDGFR-o 59471
PDGFR- 6517
InsR >4,000
IGF-IR >1,000
EGFR >50,000
HER2 >50,000
CDKI >10,000
CDK2 >10,000
CDK4 >10,000
Flt-3 26

Lck 16+16
Lyn 19512
Src 156140
Other kinases® (n=26) >10,000

Notes: *Assays performed with ATP concentrations at the respective K . Human
kinases were tested except when stated otherwise. Data represent mean + SE of at
least three determinations; IC, values “greater than” indicate that IC,  was not achieved
at the highest concentration tested; "another 26 kinases were analyzed at 10 pmol/L
with 100 pmol/L ATP: GSK3B, ROCKII, DYRKIA, PKCA, MAPK2ERK?2, HGFR, MSK1,
PDK I, CHK I, MAPKAPK2, SAPK2AP38, SéK 1, SGK, CK 1, CK2, PKA, SAPK2BP38B2,
SAPK3P38G, JNKIAI, SAPK4P38D, PHK, PKBA, CSK, CDK2/CYCLINA, PRAK, and
PP2A. Adapted from Cancer Research, 2008;68(12):4774-4782, Hilberg F, Roth GJ,
Krssak M, et al, BIBF |120: triple angiokinase inhibitor with sustained receptor blockade
and good antitumor efficacy, with permission from AACR.'"®

Abbreviations: IC,, half-maximal inhibitory concentration; SE, standard error;
PDGFR, platelet-derived growth factor receptor; VEGFR, vascular endothelial growth
factor receptor; FGFR, fibroblast growth factor receptor; EGFR, epidermal growth
factor receptor; IGF-IR, insulin-like growth factor-1 receptor; InsR, insulin receptor;
HER2, human epidermal growth factor receptor 2; CDK, cyclin-dependent kinase.

respectively).'® The ability of nintedanib to simultane-
ously target these three receptor classes, thereby inhibit-
ing alternative proangiogenic pathways, may enhance its
antitumor effects and overcome pathways of resistance to
VEGF/VEGF receptor 2-targeted agents.'® In addition to
its triple angiokinase activity, nintedanib inhibits FLT3 and
members of the Src-family (Src, Lyn, and Lck),'® but overall
the inhibitor spectrum is fairly restricted, and other kinases
such as insulin-like growth factor 1 receptor and epidermal
growth factor receptor are not inhibited.'®

The cellular effects of nintedanib on growth-dependent
proliferation were observed in three cell types contributing
to angiogenesis, ie, endothelial cells, smooth muscle cells,
and pericytes, which are driven by VEGE, PDGF, or FGF,
but not in malignant epithelial cancer cells.!® Nintedanib
has been shown to inhibit proliferation and apoptosis of
VEGF-stimulated endothelial cells derived from the umbili-
cal vein and skin microvessels (half-maximal effective con-
centration <10 nmol/L)."® Nintedanib has also been shown
to inhibit the proliferation of PDGF-stimulated pericytes,
which are important for vessel maturation and stabiliza-
tion, and human vascular smooth muscle cells.!®* However,
nintedanib appears to have no effect on the proliferation
of human epithelial cancer cell lines that do not express
detectable VEGF receptor, FGF receptor, or PDGF receptor
levels.'® In the three cell types contributing to angiogenesis,
the inhibition of cell proliferation and apoptosis was preceded
by inhibition of mitogen-activated protein kinase and Akt
signaling pathways.'®

In vivo characterization

In vivo studies in human tumor xenografts grown in nude mice
and a syngeneic rate tumor model showed that nintedanib was
highly active at well-tolerated doses, with both rapid changes
in tumor vessel architecture, such as reduction of vessel
density and integrity, and a profound induction of growth
inhibition. Intracellularly, the inhibitory effect of nintedanib
on VEGF receptor 2 was found to be markedly sustained, with
inhibition of receptor activation for at least 32 hours after
being treated for 1 hour with nintedanib, suggesting slow
receptor dissociation kinetics and sustained inhibition.'3

In vivo effects of nintedanib on tumor vessel
architecture

Nintedanib significantly reduced tumor perfusion and
vascular permeability in vivo in FaDu (head and neck
squamous cell carcinoma) xenografts, as detected by dynamic
contrast-enhanced magnetic resonance imaging 3 days after

Biologics: Targets and Therapy 2015:9

submit your manuscript 49

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Reck and Mellemgaard

Dove

treatment.'® Five-day treatment of FaDu xenografts with
nintedanib led to a significant reduction in tumor microves-
sel density and in PDGF receptor-B-expressing cells in the
perivascular compartment compared with control tumors.
Moreover, changes in tumor vessel architecture were evident
from the intratumoral dissociation of endothelial cells and
pericytes in xenograft tumors treated with nintedanib.'®

In vivo antitumor activity of nintedanib

When tested in several cancer xenografts, nintedanib showed
significant antitumor activity and good tolerability in a range
of tumor types, including NSCLC (Calu-6 cells), and human
renal cell (Caki-1), colorectal (HT-29), ovarian (SKOV-3),
and prostate (PAC-120) carcinomas.'® Nintedanib in NSCLC
model xenografts also demonstrated additive effects in com-
bination with the cytotoxic drugs docetaxel or pemetrexed.?!
Nintedanib alone and in combination with standard chemo-
therapy inhibited proliferation and increased apoptosis in in
vivo experiments in A549 NSCLC xenografts that were poor
responders to bevacizumab and resistant to platinum doublet
chemotherapy.?? Further characterization of nintedanib-
treated A549 NSCLC xenografts showed that nintedanib does
not elevate epithelial-to-mesenchymal transition markers,
suggesting that it does not drive an invasive phenotype, as
has been proposed for agents that target angiogenesis.*

Pharmacokinetics

Pharmacokinetic data from healthy individuals indicate that
nintedanib is rapidly absorbed following oral administration,
with a median time to maximum plasma concentration of
1.3 hours and a terminal half-life of 13.7 hours.*

The major route of elimination of nintedanib is through
metabolism, with its metabolites excreted via the biliary
system into the feces; urinary excretion is minor (<1%).%
Nintedanib metabolism in healthy humans occurs predomi-
nantly by cleavage of the methyl ester moiety, yielding the
carboxylate BIBF 1202 (metabolite 1).2> BIBF 1202 is then
conjugated to glucuronic acid, yielding 1-O-acylglucuronide
(metabolite 2).2 Thus, metabolism of nintedanib is pre-
dominantly cytochrome P450 enzyme-independent,” which
may facilitate the combination of nintedanib with cytotoxic
chemotherapies, such as docetaxel, that are metabolized via
cytochrome P450 enzymes.”

Dose-finding and drug—drug

interaction studies
Based on several Phase I nintedanib monotherapy dose-
escalation studies in patients with a variety of advanced

solid tumors, the maximum tolerated dose of nintedanib
was defined as 250 mg twice daily in Caucasian patients and
200 mg twice daily in Japanese patients.?*2°

Two Phase I studies evaluated the maximum tolerated
dose of nintedanib in combination with cytotoxic therapy,
as well as potential drug—drug interactions. One Phase I
study in 26 patients with advanced NSCLC evaluated the
effects of first-line combination therapy with nintedanib
(50-250 mg twice daily) on days 2-21, plus paclitaxel
(200 mg/m? body surface area) and carboplatin (area under
the curve 6 mg/mL/min) on day 1 of each 21-day cycle, and
found that nintedanib had no clinically relevant influence on
the pharmacokinetics of paclitaxel or carboplatin and vice
versa.”” A second Phase I study of 26 patients, which exam-
ined the tolerability of nintedanib (100-250 mg twice daily)
on days 2-21 in combination with pemetrexed (500 mg/m?)
on day 1 as second-line treatment following platinum-based
chemotherapy in patients with advanced NSCLC, found no
clinically relevant pharmacokinetic interactions between
nintedanib and pemetrexed.* In both combination regimens,
the maximum tolerated dose was established as nintedanib
200 mg twice daily.?”*

In a third Phase I study, which assessed the tolerability
of nintedanib (100200 mg twice daily on days 2-21) in
combination with docetaxel (60 or 75 mg/m? on day 1)
as second-line therapy for advanced NSCLC in Japanese
patients (n=42), pharmacokinetic analysis revealed no appar-
ent interactions between nintedanib and docetaxel.”® The
maximum tolerated dose of nintedanib in combination with
docetaxel in Japanese patients was dependent on body surface
area: 150 mg twice daily for a body surface area <1.5 m? and
200 mg twice daily for a body surface area =1.5 m>.%

Clinical studies

Phase Il study

The safety and efficacy of nintedanib monotherapy (150 or
250 mg twice daily) in patients with locally advanced or
metastatic relapsed NSCLC requiring second-line or third-
line therapy were evaluated in a double-blind Phase II study.
Primary endpoints assessed were progression-free survival
and objective tumor response (Response Evaluation Criteria
In Solid Tumors).*® In total, 73 patients were enrolled and
randomized: 37 to nintedanib 150 mg twice daily and 36 to
nintedanib 250 mg twice daily.*

The median progression-free survival for all patients
was 6.9 weeks, with no significant difference between the
two nintedanib dose groups.*® The median progression-free
survival was significantly longer in patients with baseline

50 submit your manuscript

Dove

Biologics: Targets and Therapy 2015:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Nintedanib in management of NSCLC

Eastern Cooperative Oncology Group (ECOG) perfor-
mance status 0—1 versus patients with ECOG performance
status of 2 (11.6 versus 6 weeks; hazard ratio [HR] 3.19;
P=0.0002); subgroup analyses showed no difference in
progression-free survival between patients with squamous
versus non-squamous NSCLC.*° The median overall survival
for all patients was 21.9 weeks; the median overall survival
for patients with ECOG 0-1 was 37.7 weeks.*® One patient
in the higher-dose nintedanib group achieved a confirmed
partial response and a total of 35 patients (48%) achieved
stable disease.*

Continuous daily treatment with nintedanib was generally
well tolerated.*® Most adverse events reported in this study
were mild to moderate in nature and predominantly gastro-
intestinal (ie, nausea, diarrhea, and vomiting).** Grade 3 or
worse adverse events were observed at a higher frequency in
the higher nintedanib dose versus the lower nintedanib dose
group (41.7% versus 8.1%).3° The incidence of fatigue and
adverse events associated with other VEGF receptor-targeted
agents, such as hypertension, bleeding, and thromboembo-
lic events, was low, and no patients developed hand—foot
syndrome.* The overall safety pattern was similar for patients
with squamous and non-squamous histology.*

Phase Il studies

The Phase III clinical development program for nintedanib
in NSCLC consisted of two studies that evaluated nintedanib
in combination with cytotoxic therapy, ie, LUME-Lung 1*!
and LUME-Lung 2.%

LUME-Lung 1 was the pivotal trial that led to approval
of nintedanib in combination with docetaxel. This multina-
tional, randomized, placebo-controlled trial (study 1199.13,
NCT00805194) assessed the efficacy and safety of nintedanib
(200 mg twice daily on days 2-21) plus docetaxel (75 mg/m?
on day 1) as second-line therapy for advanced stage I1IB/IV,
recurrent NSCLC of all histologies progressing after first-line
chemotherapy.’’ The primary endpoint was progression-
free survival by independent central review, which was
analyzed after 714 events in all patients.’! Overall survival
was predefined as a key secondary outcome and analyzed
on an intention-to-treat basis in a prespecified, stepwise,
fixed-sequence order: first, in a predefined group of patients
with adenocarcinoma and poor prognosis (defined as time
elapsed since start of first-line therapy of less than 9 months
until randomization into the trial); second, in patients with
adenocarcinoma; and finally, in all patients regardless of
histology.’! A total of 1,314 patients from 211 centers in
27 countries were randomized to receive study treatment:

655 patients were assigned to nintedanib plus docetaxel and
659 to placebo plus docetaxel.’!

The primary study endpoint of LUME-Lung 1 was
met; progression-free survival was significantly improved
in the nintedanib plus docetaxel group compared with the
placebo plus docetaxel group (3.4 months [95% confidence
interval (CI) 2.9-3.9] versus 2.7 months [95% CI 2.6-2.8];
HR 0.79 [95% C1 0.68-0.92]; P=0.0019).3! Similar results
were noted in patients with adenocarcinoma and patients
with squamous cell carcinoma.’' In the adenocarcinoma
population, the median overall survival was greater
than 1 year in the nintedanib plus docetaxel group and
significantly greater than in the placebo plus docetaxel
group (12.6 months [95% CI 10.6-15.1] versus 10.3
months [95% CI 8.6-12.2]; HR 0.83 [95% CI 0.70-0.99];
P=0.0359, Figure 2).3! Improvement was also observed in
patients with adenocarcinoma histology who progressed
rapidly, within 9 months of the start of first-line therapy;
the median overall survival was 10.9 months with ninte-
danib plus docetaxel versus 7.9 months with placebo plus
docetaxel (HR 0.75, 95% CI 0.60-0.92; P=0.0073, Figure
2).3133 For both the overall adenocarcinoma population and
the adenocarcinoma patients who progressed rapidly, the
probability of survival at 12 and 24 months was greater
for patients treated with nintedanib plus docetaxel versus
patients treated with placebo plus docetaxel. In the overall
adenocarcinoma population, 12 month overall survival was
52.7% with nintedanib plus docetaxel compared with 44.7%
with placebo and docetaxel, and 24 month overall survival
was 25.7% compared with 19.1%. In the adenocarcinoma
population of patients who progressed rapidly, 12 month
overall survival was 46.8% with nintedanib plus docetaxel
versus 34.3% with placebo plus docetaxel; 24 month overall
survival was 20.7% versus 10.4%. An exploratory analysis
was also conducted in patients with adenocarcinoma refrac-
tory to first-line treatment chemotherapy. These patients
had achieved only progressive disease as the best response
to first-line therapy prior to entry into the LUME-Lung 1
trial.*!3* The median overall survival was 9.8 months with
nintedanib plus docetaxel versus 6.3 months with placebo
plus docetaxel (HR 0.62, 95% CI 0.41-0.94; P=0.0246,
Figure 3) in this subpopulation; the probability of survival
was higher in patients treated with nintedanib plus docetaxel
versus placebo plus docetaxel at 12 months (43.0% versus
24.6%) and 24 months (21.5% versus 5.3%).3!

Despite a numerical improvement, overall survival with
nintedanib plus docetaxel in the total study population was
not statistically significant (median 10.1 months [95% CI
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8.8—11.2] versus 9.1 months [95% CI 8.4-10.4]; HR 0.94,
95% CI 0.83-1.05; P=0.2720, Figure 2).’!

A second study, the multinational, randomized, double-
blind, placebo-controlled LUME-Lung 2 trial (study 1199.14;
NCT00806819) evaluated the efficacy and safety of nin-
tedanib (200 mg twice daily on days 2-21) plus standard
pemetrexed (500 mg/m? on day 1) as second-line therapy for
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Figure 2 Kaplan—Meier curves for patients treated with nintedanib plus docetaxel
or placebo plus docetaxel.

Notes: Overall survival at the time of final analysis in (A) patients with adeno-
carcinoma histology and time since start of first-line therapy of less than 9 months;
(B) all patients with adenocarcinoma histology; (C) total population. Patients without
documented death were censored at the date of last contact when the patient was
known to be alive. Reprinted from Lancet Oncol, Vol |5, Reck M, et al, Docetaxel
plus nintedanib versus docetaxel plus placebo in patients with previously treated
non-small cell lung cancer (LUME-Lung I): a phase 3, double-blind, randomised trial,
143-155, Copyright (2014), with permission from Elsevier.?'

Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Figure 3 Kaplan—Meier curves for patients treated with nintedanib plus docetaxel
or placebo plus docetaxel. Exploratory analysis in patients with adenocarcinoma
histology and progressive disease as best response to first-line therapy.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

advanced stage I1IB/IV or recurrent, non-squamous NSCLC;
the primary endpoint was progression-free survival based on
independent central review.*

A preplanned futility analysis was performed after 50%
of progression-free survival events for the primary analysis
had been observed (approximately 356 events).* The futil-
ity analysis suggested that the study was indeed futile and
that the primary endpoint was unlikely to be met; no safety
concerns were raised.*> Consequently, enrollment was halted
prematurely after 713 of 1,300 planned patients had entered
the study. Ongoing patients were unblinded and follow-up
was continued per protocol.*?

Analysis of the primary endpoint, conducted after 498
progression-free survival events (database lock, July 9,2012),
showed that despite the study being stopped prematurely, the
primary endpoint of centrally reviewed progression-free
survival was met.** The median progression-free survival
was significantly improved in the nintedanib plus pemetrexed
group compared with the placebo plus pemetrexed group
(4.4 months versus 3.6 months; HR 0.83, 95% CI1 0.70-0.99;
P=0.0435).3* The median overall survival was not signifi-
cantly different between the groups (12.2 months versus 12.7
months; HR 1.03, 95% CI 0.85-1.24; P=0.7921).%

Safety and tolerability

Nintedanib plus docetaxel was associated with a manageable
safety profile in the LUME-Lung 1 trial.?! Grade 3 or worse
adverse events that were more common in the nintedanib plus
docetaxel group than in the placebo plus docetaxel group
were diarrhea (6.6% versus 2.6%) and reversible increases
in the liver enzymes alanine aminotransferase (7.8% versus
0.9%) and aspartate aminotransferase (3.4% versus 0.5%).%!
Most adverse events were manageable with supportive treat-
ment or dose reduction.’!
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At least one dose reduction of nintedanib or placebo
was required by 18.6% and 6.3% of patients in the ninte-
danib plus docetaxel group and the placebo plus docetaxel
group, respectively.’! Gastrointestinal adverse events and
increases in liver enzymes accounted for most of the nin-
tedanib dose reductions.’! Docetaxel dose reductions were
needed for 15.6% and 11.9% of patients in the nintedanib
plus docetaxel group and the placebo plus docetaxel group,
respectively.’! Hematologic adverse events were the main
reason for docetaxel dose reduction.’' The intensity of
docetaxel dosing was similar in both treatment groups,
indicating that nintedanib did not affect planned docetaxel
dosing.*' The incidence of adverse events commonly asso-
ciated with antiangiogenic agents, such as hypertension,
bleeding, and gastrointestinal perforation, was similar in
both groups.’!

Nintedanib also had an acceptable and manageable
safety profile in combination with pemetrexed, with the
most frequent adverse events being reversible increases in
aspartate aminotransferase and alanine aminotransferase and
gastrointestinal events.*

Patient perspectives
Patient quality of life was assessed in the LUME-Lung 1
study.® Prespecified symptoms of interest (cough, dyspnea,
and pain) were assessed throughout the study using patient-
reported outcome measures, ie, the 30-item European Organi-
sation for Research and Treatment of Cancer Core Quality
of Life Questionnaire and its 13-item, lung cancer-specific
supplement.®

Patients’ global health status/quality of life was gener-
ally maintained with nintedanib plus docetaxel relative to
placebo plus docetaxel, indicating that addition of nintedanib
to docetaxel had no detrimental effect on quality of life.%
No differences in time to deterioration for cough, dyspnea,
or pain were observed between the two treatment arms in
the overall patient population.® In patients with adenocar-
cinoma histology tumors, times to deterioration of quality
of life rating (HR 0.82, 95% CI 0.68—-1.00; P=0.0470) and
development of pain in the arm or shoulder (HR 0.79, 95%
CI 0.63-1.00; P=0.0470) were significantly longer with
nintedanib plus docetaxel than with placebo plus docetaxel,
as was time to deterioration of gastrointestinal symptoms:
diarrhea (HR 1.86, 95% CI 1.51-2.29; P<<0.0001), nausea
(HR 1.27,95% CI 1.03-1.57; P=0.0262), and vomiting (HR
1.42,95% CI 1.11-1.81; P=0.0047).* These findings indicate
that the significant overall survival benefit observed with the
addition of nintedanib to docetaxel therapy in patients with

adenocarcinoma was achieved with no detrimental effect on
patient self-reported quality of life.?

Translational impact

To date, no clinically applicable predictive biomarkers have
been identified for antiangiogenic treatments in oncology.*®
Predictive biomarkers that have been investigated include phys-
iological parameters such as hypertension, circulating markers
such as VEGEF, soluble VEGF receptor or placental growth
factor, genetic markers, and functional tumor imaging.** Even
the prospective ABIGAIL study, which comprehensively inves-
tigated the correlation between plasma biomarkers and tumor
response in advanced NSCLC, failed to show any correlation
between angiogenic plasma biomarkers (plasma basic FGF,
E-selectin, intercellular adhesion molecule-1, placental growth
factor, VEGF receptor 1, and VEGF receptor 2) and tumor
response to chemotherapy plus the anti-VEGF monoclonal
antibody bevacizumab.’’ Only low (versus high) baseline levels
of VEGF-A (the primary ligand targeted by bevacizumab) were
significantly correlated with longer progression-free survival
and overall survival, demonstrating the potential of VEGF-A
as a prognostic/predictive biomarker of NSCLC, with further
investigation warranted.”’

Although potential molecular biomarkers were not
evaluated in the LUME-Lung 1 and 2 studies, exploratory,
hypothesis-generating analysis of data from the LUME-Lung
2 study identified time since start of first-line therapy as a
potential clinical marker of treatment benefit from nintedanib
plus docetaxel, and time since start of first-line therapy
less than 9 months was validated as a predictive clinical
biomarker of nintedanib benefit using data from both the
LUME-Lung 1 and 2 trials.*

A hypothesis-generating study using gene expression and
clinical outcome data derived from a large NSCLC database
was conducted to explain these observations at a gene level
Gene set enrichment analysis led to the following hypothesis:
expression of genes relevant for cell proliferation is high in lung
adenocarcinomas from patients with rapid disease progression,
indicating a large fraction of proliferating cells requiring high
levels of oxygen and nutrients; consequently, these tumors
require high levels of vascularization and contain a large fraction
of immature, growth factor-dependent blood vessels; by destroy-
ing these vessels and inhibiting vascular sprouting, nintedanib in
combination with docetaxel provides greater benefit to patients
with adenocarcinoma and rapidly progressive disease.*

Ongoing research is continuing to look for molecular
biomarkers for the nintedanib treatment effect. Additional
studies are planned, which include translational approaches to
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identify more detailed mechanisms of action for nintedanib,
as well as the molecular basis of response and resistance to
nintedanib; data are expected within the next 2-3 years (eg,
NCT02231164).4° Effective biomarkers of response will help
to reduce the number of patients who experience toxicity with
no improvement in their clinical outcome, an important goal
in second-line therapy. Indeed, identifying molecular bio-
markers that can predict the efficacy of therapy in advanced
NSCLC remains a focus of substantial research efforts.

Clinical impact
Patients with advanced NSCLC who progress rapidly dur-
ing first-line platinum doublet chemotherapy have a very
poor prognosis and are a population with a particularly
urgent, unmet need for additional effective therapeutic
options. TITAN was an international, randomized, mul-
ticenter, open-label Phase III study that compared erlo-
tinib with chemotherapy in patients with NSCLC who
had progressed rapidly after up to four cycles of first-line
platinum doublet chemotherapy.*' Patients were randomly
assigned (1:1) by a minimization method to receive erlo-
tinib or chemotherapy (standard docetaxel or pemetrexed
at the investigators’ discretion) until unacceptable toxicity,
disease progression, or death.*! In this study, erlotinib did
not improve overall survival in the overall population (the
primary endpoint) compared with chemotherapy (median
overall survival 5.3 versus 5.5 months, respectively) and in
most subgroups analyzed, suggesting comparable efficacy
between these agents in this difficult-to-treat patient group.*!
Consequently, the improvements in overall survival observed
in the LUME-Lung 1 trial for nintedanib plus docetaxel-
treated patients with adenocarcinoma and poor prognosis who
were either refractory to first-line therapy or had a response
of very short duration are particularly clinically relevant.?!
There are currently no clinical trials that have directly
compared the efficacy of second-line nintedanib plus doc-
etaxel with other approved regimens other than docetaxel
alone. However, a recent network meta-analysis of nine trials,
including LUME-Lung 1, has provided an indirect estimate
of relative efficacy in patients with advanced or metastatic
NSCLC of adenocarcinoma histology.*> Nintedanib plus
docetaxel was associated with statistically significant benefit
in terms of overall survival and progression-free survival over
docetaxel or erlotinib monotherapy and a non-significant ben-
efit over pemetrexed monotherapy. The estimated probability
of nintedanib plus docetaxel being the best treatment in terms
of overall survival was 70.4% compared with 16.4% for
pemetrexed, 9.8% for docetaxel, and 3.3% for erlotinib.*

Since publication of the LUME-Lung 1 trial, a second
trial has reported improvements in overall survival with
the addition of an antiangiogenic agent to docetaxel, thus
confirming the principle that VEGF receptor inhibition in
combination with docetaxel is a valid treatment option in
second-line NSCLC patients. In the multicenter, double-
blind, randomized (1:1) Phase III REVEL (n=1,253) study,
the addition of ramucirumab, a human immunoglobulin G1
monoclonal antibody that targets the extracellular domain
of VEGF receptor 2, to docetaxel demonstrated significant
improvement in the primary endpoint of median overall sur-
vival (10.5 versus 9.1 months) and median progression-free
survival (4.5 versus 3.0 months) versus placebo plus doc-
etaxel in the total population (squamous and non-squamous
NSCLC patients).* The most common grade 3 or worse
adverse events were neutropenia (49% in the ramucirumab
group versus 40% in the control group), febrile neutropenia
(16% versus 10%), fatigue (14% versus 10%), leucopenia
(14% versus 12%), and hypertension (6% versus 2%).*

In addition to trials in NSCLC, nintedanib has been
evaluated in a number of other solid tumors, including
colorectal cancer,*** renal cell carcinoma,* and hepatocel-
lular carcinoma.’*® Following promising Phase I trials in
patients with refractory colorectal cancer, the randomized
(1:1) Phase III LUME-Colon 1 study is recruiting patients to
assess nintedanib plus best supportive care as last-line treat-
ment for colorectal cancer (NCT02149108).44 The Phase
111199.26 study (NCT01024920) evaluated the efficacy and
safety of nintedanib versus sunitinib as first-line therapy in
previously untreated patients with renal cell carcinoma.*
Two Phase II studies (1199.37: NCT01004003 and 1199.39:
NCT00987935) have investigated the efficacy and safety of
nintedanib versus sorafenib in patients with advanced hepa-
tocellular carcinoma.’®' They have shown that nintedanib
has efficacy that is comparable with sorafenib in patients
with advanced hepatocellular carcinoma, with a manageable
adverse event profile, indicating that further studies of ninte-
danib in hepatocellular carcinoma are warranted.*’3

A randomized (1:1) Phase II study to evaluate the effi-
cacy and safety of nintedanib versus placebo in combina-
tion with pemetrexed/cisplatin combination chemotherapy
is recruiting patients with malignant pleural mesothelioma
(NCT01907100).*

In addition to the November 2014 European approval of nin-
tedanib for the treatment of patients with NSCLC who progressed
following first-line chemotherapy,'” nintedanib has been approved
by the US Food and Drug Administration and has received a posi-
tive opinion from the European Medicines Agency’s Committee
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for Medicinal Products for Human Use for the treatment of
patients with idiopathic pulmonary fibrosis.’>>3

Conclusion

The use of nintedanib in combination with docetaxel as a
treatment option for patients with locally advanced, meta-
static, or locally recurrent NSCLC of adenocarcinoma tumor
histology after first-line chemotherapy is now an available
treatment option and offers much-needed improvements in
overall survival for this patient group. The safety profile of
nintedanib in combination with docetaxel is manageable, giv-
ing this new treatment option great potential as an emerging
combination for the management of NSCLC.
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