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Nintedanib in combination
with docetaxel for second-
line treatment of advanced
non-small-cell lung cancer

Expert Rev. Anticancer Ther. 15(8), 875-884 (2015)

Non-small lung cancer (NSCLC) is a lethal malignancy when diagnosed in advanced stage.
The evolution of chemotherapy and the development of agents targeting certain molecular
pathways involved in tumor progression improved the prognosis. Nintedanib is a new tyrosine
kinase inhibitor, which exerts its activity by blocking VEGF, FGF and PDGF receptors and
inhibits the angiogenic signaling by preventing receptor dimerization. Several Phase | and II
studies proved its safety and efficacy in diverse solid tumors. In patients with advanced
NSCLC, the administration of nintedanib may offer an additional chemotherapy benefit in
terms of response rate, progression-free survival and overall survival particularly in patients
with adenocarcinoma histology, with manageable toxicity. Here, we present an analytical
review of literature regarding nintedanib and we focus on its particular importance in NSCLC

treatment.
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Non-small-cell lung cancer (NSCLC) is the
most common form of lung cancer, account-
ing for 85-90% of all cases [1], and the leading
cause of cancer deaths worldwide [2]. Effective
treatment remains a challenge considering the
disease’s poor prognosis, with a 5-year survival
remaining at <15% across all disease stages [3].
Most patients are diagnosed with advanced or
metastatic disease and nearly all who do
receive therapy eventually relapse [4].

Four to six cycles of first-line platinum-
based chemotherapy in patients with perfor-
mance status (PS) 0-1, or tyrosine kinase
inhibitors for those whose tumors harbor
EGFR mutation have been found to prolong
survival, improve quality of life and control
symptoms; PS 2 patients are frequently treated
with monotherapy — with gemcitabine, vinor-
elbine and taxanes — or combination therapy
with carboplatin, whereas poor PS (3-4)
patients, in the absence of tumors with activat-
ing driver mutations, are offered BSC [s¢].

Currently approved second-line treatments
for NSCLC patients with no driver oncogenes,
such as EGFR and ALK, consist of

monotherapy with docetaxel, gemcitabine,
pemetrexed or erlotinib [78]. Although these
treatments are efficacious, they have failed to
show significant improvement in overall sur-
vival (OS), which ranges from 7 to 9 months.
Thus, an urgent need remains for new effective
second-line treatments for NSCLC patients [9].

BIBF 1120 - nintedanib in the treatment
of NSCLC

Targeting angiogenesis in NSCLC — unmet
needs of new therapies

Angiogenesis is one of the hallmarks of can-
cer [10], with VEGF being the major regulator
in the malignant tissue [11.12]. Bevacizumab was
the first anti-angiogenic drug to be approved
in non-squamous NSCLC treatment in 2003.
The addition of bevacizumab to a standard
platinum-based chemotherapy regimen has
shown to improve OS in patients with
advanced non-squamous NSCLC, to prolong
progression-free survival (PFS) and to improve
response rates, through the prevention of new
blood vessels development and an improved
drug delivery to the tumor [13].
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Figure 1. Molecular structure of nintedanib [24].

Additionally, small molecules with multikinase inhibiting
properties, such as sunitinib, sorafenib and vandetanib have
been developed. Sunitinib has been proposed as a potential
therapeutic agent for advanced, refractory NSCLC patients [14].
Clinical trials of sorafenib have mostly failed to suggest an
improvement in OS [15-17] as was the case of vandetanib tri-
als 18]. Of note, ramucirumab is an example of a human
IgG1 monoclonal antibody specifically binding to the extracel-
lular domain of VEGFR-2 administrated together with doce-
taxel to patients with squamous and non-squamous cell
carcinoma after one prior platinum-based chemotherapy. The
REVEL trial [19.20] has shown a significant OS prolongation in
the docetaxel plus ramucirumab versus docetaxel plus placebo
group, of 4.5 and 3.0 months, respectively.

Despite their success, the limitations of the different anti-
angiogenic agents are increasingly recognized, with insufficient
efficacy, development of resistance and toxicities undermining
the long-term success of VEGF-targeted therapies. Because clin-
ical benefit seems to be transient in the majority of cancer
patients who initially respond to therapy, several escape mecha-
nisms have been considered [21). Casanovas et al. [22] have
shown that cancer tissues are able to develop resistance against
the VEGF signaling blockade by switching from VEGF secre-
tion to alternative ligands, notably bFGF. FGF-2 in particular,
a potent angiogenesis stimulator that is frequently overexpressed
in tumors, has been correlated with poor outcomes in
NSCLC [23]. The PDGF pathway has also been regarded as an
alternate pro-angiogenic mechanism that drives disease progres-
sion. Moreover, toxicities, such as hypertension, bleeding, risk
of gastrointestinal perforation, dermatological symptoms and
mucositis, remain a serious challenge in cancer therapy as they
may limit treatment with VEGF and VEGFR inhibitors.

Despite angiogenesis being of equal importance in all solid
cancers, there is wide variability regarding how much individual
patients benefit from each drug. This depends on both the
organ type and cancer stage, but most of this variability in
tumor responsiveness is still unaccounted for [21].

BIBF 1120 - chemistry
Nintedanib (chemical name: (32)-3-{[4-{methyl[(4-methylpi-
perazin-1-yl)acetyl]amino} phenyl)amino] (phenyl) methylidene}-

2-0x0-2,3-dihydro-1H-indole-6-carboxylate) (Ficore 1), known
by its development code BIBF 1120, was synthesized in
1998 under a chemical lead optimization program, designed
to identify ATP-competitive inhibitors of VEGFR-2 and
other pro-angiogenic receptor tyrosine kinases in the context
of cancer therapy [21]. The convergent synthesis of nintedanib
and its ethanesulfonate salt comprise a sequence of five lin-
ear steps (including the formation of the final salt form)
and a two-step sequence for the preparation of the aniline
side chain [24]. Structurally, nintedanib ethanesulfonate is a
6-methoxycarbonyl-substituted indolinone derivative. Indoli-
none is a derivative compound of indoline, a bicyclic sec-
ondary amine consisting of a benzene ring fused to a
pyrrolidine ring. Nintedanib binds to the ATP-binding site
in the kinase domain of the VEGF, FGF and PDGF recep-
tors and inhibits angiogenic signaling by preventing receptor
dimerization [21].

Pharmacodynamics

BIBF 1120 pharmacodynamic properties comprises wider
targeting profiles, longer duration of action, enhancement of
cytotoxicity by other compounds and less adverse effects com-
pile a promising profile.

BIBF 1120 is a triple angiokinase inhibitor with a wide
action profile, targeting three receptor classes involved in the
formation of blood vessels: VEGFR-1, -2, -3 (with an 1Cs; in
preclinical studies of 13-34 nmol/l), FGFR-1, -2, -3 (ICs¢ of
69, 37 and 108 nmol/l, respectively) and PDGFR-o, -B
tyrosine kinases (ICsy of 59 and 65 nmol/l, respectively) [21].
Inhibition of these three receptors found on endothelial cells,
tumor cells and pericytes allows BIBF 1120 to potentially pre-
vent both tumor growth and dissemination and provides a
possible solution to intrinsic and acquired resistance observed
with other single or dual angiogenesis inhibitors. Nintedanib
has been also found to inhibit Fms-like tyrosine kinase 3 and
members of the Src-family (Src, Lyn, Lck), which may give a
therapeutic potential for conditions such as hematological dis-
eases and ovarian cancer [24].

Nintedanib has inhibited tumor growth in various preclinical
models [21]. Furthermore, it has been shown to significantly
enhance the cytotoxicity of other drugs, including doxorubicin
and paclitaxel by inhibiting the function of ATP-binding cas-
sette transporters, which constitute one of the main causes of
multidrug resistance [25].

Nintedanib also demonstrated significant antitumor activity
in xenograft models of different tumor types, including
NSCLC, ovarian and prostate carcinoma [21]. In H460 cell
NSCLC xenografts, it also demonstrated synergistic effects in
combination with the cytotoxic drugs docetaxel or peme-
trexed [26]. For instance, the combination of nintedanib with
docetaxel resulted in 27% tumor shrinkage whereas monother-
apy with nintedanib or docetaxel at the same dose has much
less efficacy. Similar observations were made for the combina-
tion of nintedanib and pemetrexed in Calu-6 cell NSCLC
xenografts [26].

876

Expert Rev. Anticancer Ther. 15(8), (2015)



Downloaded by [Boehringer Ingelheim] at 04:52 24 August 2015

Nintedanib in combination with docetaxel for second-line treatment of advanced NSCLC

BIBF 1120 differs from other angiogenesis inhibitors on
multdple levels. First, it has a distinctive targeting profile, as it
acts through the inhibidon of VEGFR, PDGFR and FGFR.
Sunitinib is active against Raf and VEGFR kinases, vandetanib
against VEGFR and EGFR, ramucirumab  against
VEGEFR-2 and sunitinib against VEGFR-1, -2, -3, PDGFRs,
KIT, Fms-like tyrosine kinase 3 and RET kinases. Second,
BIBF 1120 presents a cellular duration of action, as a sustained
inhibition of receptor activation with as yet unknown mecha-
nistic basis has been found and, third, with regards to its phar-
macological kinetics, BIBF 1120 blocks VEGEFR activation
after a 1-h exposure for >32 h, the latest time possible under
the required cell culture conditions [21].

Pharmacokinetics

Nintedanib capsules are administered orally after food intake,
as food increases drug exposure by approximately 20% com-
pared with administration under fasted conditions (90% ClI:
95.3-152.5%) and delays its absorption (median tmax fasted:
2.00 h; fed: 3.98 h) 7. In healthy volunteers, BIBF
1120 absorption when administered orally was fast, with drug
concentrations being already detectable 15 min after dosing.
Maximum plasma concentrations were reached 3 h after dos-
ing (28], whereas in Phase I studies in cancer patients maximum
concentration was reached within 2—4 h [29-32] after oral intake.
In preclinical studies, nintedanib, once absorbed, was exten-
sively distributed in tissues as indicated by high volumes of dis-
tribution at steady state in all investigated species [24). This was
confirmed in Phase I studies where the apparent volume of dis-
tribution ranged from 10,100 to 25,400 | at steady state [32] or
measured at 8580 | during the terminal phase, which translates
into a high tissue distribution [31].

In preclinical studies, the drug showed concentration-
independent plasma protein binding in the concentration range
of 50-2000 mg/ml, with albumin being the major binding
protein and the fraction of nintedanib bound to albumin at
97.8% in human plasma [24). BIBF 1120 terminal half-life was
detected between 7 and 19 h in healthy individuals [28], a half-
life suitable for once- or twice-daily dosing, and in Phase I
studies it was fairly similar, ranging from 7.5 to 19 h 30-33.
Following multple twice-daily administration of nintedanib,
only slight accumulation of nintedanib exposure has been
observed in Phase II studies, with a mean accumulation ratio
of 1.33 based on Cmax and 1.66 based on area under the
curve (AUC)g.12 1 [34].

In healthy males, BIBF 1120 metabolism was predominantly
characterized by the ester cleavage of the methyl ester moiety
yielding the carboxylate BIBF 1120. Subsequent to ester cleav-
age, BIBF 1120 was conjugated to glucuronic acid yielding the
1-O-acylglucuronide. Thus, the majority of BIBF 1120 metabo-
lism was CYP450 enzyme-independent [28], allowing for an
eventual combination with cytotoxic chemotherapies. Regarding
BIBF 1120 metabolism, its metabolites are excreted via the bili-
ary system into the feces, whereas urinary excretion is minor [28].
Mass balance results have shown an overall recovery of 94.7%

168 h after dosing and recovery was assumed to be complete
96 h after dosing [23].

In a Phase I study of advanced NSCLC patients treated
with a combination of nintedanib and docetaxel, the pharma-
cokinetic (PK) analysis revealed no apparent interactions
between the two compounds. The PK profile of nintedanib
following docetaxel administration was similar to that seen in
Phase I nintedanib monotherapy studies, suggesting that doce-
taxel has no clinically relevant effect on the PK of
nintedanib [35].

Clinical efficacy

Phase | studies

The first Phase I study evaluating nintedanib was carried out
by Lee et al. (33]. This trial enrolled 39 patients with advanced
malignancies, including NSCLC in whom BIBF 1120 was
orally administered once daily. Maximum tolerated dose
(MTD) was identified at 400 mg and the most common tox-
icities were gastrointestinal events (nausea, vomiting, diarrhea,
abdominal pain) and fatigue, whereas a reversible elevation of
liver enzymes was seen at 2200 mg/day. Out of 29 patients
who received treatment for at least 8 weeks, 10 patients
showed stable disease (SD), 1 prostate cancer patient had sig-
nificant prolongation of his prostate-specific antigen doubling
time from 2 to 10 months and a renal cancer patient experi-
enced SD for 11 months. PK analysis showed increasing mean
Cmax and AUC values with nintedanib dose, displaying high
inter-patient variability. Cmax values were reached after ~3 h
after dosing and the mean t;/, ranged from 7.5 to 14.0 h.

A dose-escalation Phase I study evaluated BIBF 1120 admin-
istration once or twice daily to 61 chemotherapy-pretreated
patients with advanced solid tumors, including two patients
with lung cancer (321. MTD was determined at 250 mg and it
was suggested for the first time that two daily administrations
allowed an increase in total daily exposure without additional
toxicity. Adverse effects were mild or moderate with gastroin-
testinal events being more frequent in the first treatment cycle.
The main dose-limiting toxicity (DLT) was liver enzymes eleva-
tion (alanine aminotransferase [ALT], aspartate aminotransfer-
ase [AST], 7v-glutamyl transpeptidase), which was fully
reversible within 2 weeks of treatment discontinuation or dose
reduction. PK analysis revealed moderately fast absorption with
a terminal half-life suitable for once- or twice-daily dosing,
with  no indication of deviaton from ‘dose-linear
pharmacokinetic’ behavior of BIBF 1120. Clinical efficacy-wise,
important signs were observed with single-agent BIBF 1120,
including one complete response in a renal cell carcinoma
patient and two partial response in a renal cell and a colorectal
cancer patient.

Additionally, a Phase I dose-escalation study [30] of 21 Japa-
nese patients with advanced solid tumors identified MTD at
200 mg twice daily, one dose lower than in Caucasian patients,
with such difference being attributed to differences in genotypic
variants between the two populations. Gastrointestinal side
effects occurred predominanty at the MTD of BIBF 1120 or
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at higher doses, but were easily manageable. The PK analysis
confirmed a dose-linear increase for Cmax and AUC. Cmax
values were reached within 3 h after administration, and steady
state was reached at least on day 8. All DLTSs were liver enzyme
elevations, fully reversible within 2 weeks to treatment discon-
tinuation or dose reduction, with no bilirubin increase being
noted. Three of four patients with body surface area (BSA)
<1.5 in the 200 mg twice-daily cohort developed DLTs,
whereas no DLTs were reported in eight patients with BSA
21.5 treated at the same dose. This finding suggested that
body size, such as body weight or BSA, might confer liver
enzyme elevations on BIBF 1120.

Based on the knowledge that the combination of conven-
tional cytotoxic chemotherapy with an angiogenesis inhibitor
(bevacizumab) has been shown to improve first- and second-
line treatment options in NSCLC, a Phase I study [31] investi-
gated the safety, tolerability and MTD of BIBF 1120 with
pemetrexed in patients with recurrent advanced stage NSCLC.
Twenty-six patients received a standard dose of pemetrexed on
day 1 followed by oral BIBF 1120 (200 mg twice daily) on
day 2 through day 21. Half of the patients experienced SD
with a median PFS of 5.4 months. With regard to DLTs,
fatigue was the most frequently observed adverse event (AE)
and the trial revealed that the overall AE profile was consistent
with the safety profiles observed with BIBF 1120 and peme-
trexed monotherapy. No clinically relevant influence of BIBF
1120 on PK parameters of pemetrexed was observed, showing
that such combination is feasible.

A Phase I study [29] in 26 advanced NSCLC patients evalu-
ated the addition of BIBF 1120 to paclitaxel-carboplatin back-
bone as first-line treatment. The rationale for this combination
therapy was based on the existing molecular evidence for an
active FGF signaling pathway in a subset of NSCLC cell lines,
proposing FGF inhibition as a potential target. Importantly,
the non-overlapping AE profile of BIBF 1120 with paclitaxel
and carboplatin, suggested that this combination therapy could
be tolerated and feasible. The MTD was 200 twice daily, since
the combination was generally well tolerated with only 2 out of
13 patients experiencing a DLT (thrombocytopenia, ALT and
AST increase, rash). The most frequently reported AEs were
gastrointestinal disorders and elevated AST and ALT values.
With regards to clinical efficacy, 12 patients achieved a partial
response.

Another Phase I study [35] of 43 pretreated with platinum-
based chemotherapy, Japanese NSCLC patients, identified nin-
tedanib MTD at 150 and 200 mg in patients with BSA
<1.5 and 21.5 in combination with docetaxel, respectively. An
unexpectedly high number of DLTs was observed in patients
with a lower BSA. All DLTs were grade 3 liver enzyme eleva-
tions, completely reversible with dose reduction or discontinua-
tion, suggesting again that dosing according to BSA might be
meaningful. Common AEs included hematologic toxicities,
alopecia and gastrointestinal AEs. No clinically relevant interac-
observed between nintedanib and docetaxel.
Twenty-six percent of patients achieved an objective response

tions were

to nintedanib/docetaxel, with a median PFS of 5.7 months.
However, there were two fatal events including hemoptysis,
calling for a careful patient observation of patients in the
future.

Clinical trials currently ongoing investigate administration of
combination therapy with nintedanib in NSCLC patients. Two
trials currently recruiting patients will investigate the adminis-
tration of nintedanib plus docetaxel in advanced NSCLC
patients (3637). Another Phase I study will evaluate cisplatin,
docetaxel and nintedanib as induction chemotherapy for stage
IB-IIIA NSCLC patients amenable for upfront surgical

resection [38].

Phase Il studies

The activity of single agent nintedanib was investigated in a
Phase II study, which evaluated two different doses of the
drug, in 73 patients with locally advanced or metastatic
NSCLC. Patients were previously treated with at least one line
of platinum-based chemotherapy and were randomized to
receive either nintedanib 150 or 250 mg twice daily. Median
PES and OS were 6.9 and 21.9 weeks, respectively, and did
not differ among treatment arms. However, patients with
ECOG PS 0-1 had prolonged PFS and OS (11.6 and
37.7 weeks) compared with those with PS 2. Of note, the
response rate was 46% and one durable partial response lasting
9 months was observed in a patient who received the 250 mg
twice-daily dose. In terms of clinical benefit, half of the
patients reported symptoms improvement (mainly cough, dys-
pnea, pain) as measured by the EORTC QLQ-LC13. Toxicity
was easily manageable and comparable between the two doses
and mainly involved nausea, vomiting, diarrhea; however, liver
enzyme elevation was more frequent in the 250 mg twice-daily
dose [39].

A biomarker-driven Phase II trial is currenty recruiting
patients. Particularly, nintedanib will be administered in
NSCLC patients who have failed up to two prior chemother-
apy lines and FGFR1 amplification will be evaluated as a pre-
dictor of efficacy [40).

The ongoing LUME-Lung 3 Phase 1/1I study is evaluating
the MTD of nintedanib when added to first-line chemother-
apy doublet with 3 weekly schedules of gemcitabine and cis-
platin in patients with squamous lung cancer. In the
Phase II part of the study, patients are randomly receiving
either nintedanib or placebo in addition to the chemother-
apy doublet and the efficacy of the regimen is going to be
assessed [41].

Given the activity of this molecule in idiopathic pulmo-
(IPF) (425, it is hypothesized that BIBF
1120 may prevent cells from radiation-related injury in
NSCLC patients undergoing radiotherapy. The National

nary fibrosis

Comprehensive Cancer Network awarded a grant for a ran-
domized Phase II trial which is going to assess nintedanib
versus placebo as prophylaxis to radiation-induced pneumo-
nitis in patents with unresectable NSCLC undergoing
radiotherapy [43].
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Phase Il studies

The efficacy of BIBF 1120 was further tested in larger
Phase III trials. The LUME-Lung 1 was a double-blind, ran-
domized controlled trial, which assessed the efficacy and safety
on nintedanib plus docetaxel as second-line therapy in
1314 NSCLC padents [9]. Specifically, 655 patients of all
NSCLC histology received intravenous docetaxel 75mg/m2 on
day 1 with nintedanib 200 mg twice daily on days 2-21 every
21 days, and 659 patients received docetaxel in the same dose
with placebo, until disease progression or unacceptable toxicity.
Interim analysis after a median follow-up of 7.1 months
revealed a PFS improvement in favor of the nintedanib arm.
Particularly, the median PFS was 3.4 versus 2.7 months (haz-
ard ratio [HR]: 0.79; 95% CI: 0.68-0.92; p = 0.0019) and all
NSCLC histologies derived a PFS benefit with the addition of
nintedanib. After further follow-up of 31.7 months, OS has
significantly improved in the docetaxel plus nintedanib arm,
however, the benefit was seen only for patients with adenocarci-
noma subtype. Specifically, for patients with adenocarcinoma
histology the median OS was 12.6 versus 10.3 months (HR:
0.83; 95% CI: 0.70-0.99; p = 0.0359) in favor of the
nintedanib-docetaxel combination. An OS benefit was also seen
for adenocarcinoma patients who progressed within 9 months
after start of first-line treatment and received the docetaxel-
nintedanib doublet compared with those who received
docetaxel-placebo (10.9 vs 7.9 months, p = 0.0073). Of note,
no statistically significant OS benefit was seen in the entire
population of the study between nintedanib and placebo
(10.1 vs 9.2 months, p = 0.2720) and in the non-
adenocarcinoma histology (8.6 vs 8.7 months, p = 0.8907).
The addition of nintedanib to docetaxel increased the disease
control rate compared with docetaxel plus placebo for all
patients (54 vs 41.3%; odds ratio: 1.68; 95% CI: 1.35-2.09;
p < 0.0001). Regarding toxicity, grade III or IV events were
more common in the nintedanib arm and mainly involved
diarrhea (6.6 vs 2.6%) and reversible increases in ALT and
AST values 9]. It is noteworthy that the OS benefit with the
addition of nintedanib in patients with adenocarcinoma was
achieved without a detriment to quality of life as reported by a
study that evaluated patient-reported outcomes [44].

Another randomized, double-blind, Phase III trial assessed
the efficacy and safety of second-line nintedanib or placebo
added to pemetrexed in non-squamous NSCLC patients [45].
Of the 713 patients, 353 received pemetrexed 500mg/m? intra-
venously on day 1 every 21 days and nintedanib 200 mg twice
daily and 360 received pemetrexed in the same dose with pla-
cebo, until disease progression or unacceptable toxicity. Of
note, 8% of the padents received bevacizumab in previous
treatment in both arms. The median PFS, which was the pri-
mary point of the study, was significantly higher in the ninte-
danib arm (4.4 vs 3.6 months; HR: 0.83; 95% CI: 0.7-0.99;
p = 0.04). Better disease control rate was also seen in the ninte-
danib arm (61 vs 53%; odds ratio: 1.37; p = 0.039). Nonethe-
less, no significant OS difference was seen between the two
arms (12 vs 12.7 months; HR: 1.01; 95% CI: 0.85-1.21;

p = 0.8940). Importantly, the addition of nintedanib to peme-
trexed resulted in a higher incidence of grade 3—4 liver enzyme
elevation (ALT elevation 23 vs 7%, AST elevation 12 vs 2%)
and diarrhea (3 vs 1%) compared with placebo. No difference
in grade 3 hypertension, hemorrhage, thrombosis, mucositis or
neuropathy was observed between the two groups [4546].

LUME-Columbus is another randomized, double-blind,
Phase III trial that will evaluate the efficacy and safety of ninte-
danib (or placebo) in combination with docetaxel in patients
with stage IIB/IV or recurrent, lung adenocarcinoma after
first-line platinum-based chemotherapy failure. This trial is
intended to enroll 800 patients [37].

The efficacy and safety profile of BIBF 1120 have been eval-
uated in the above-mentioned studies, which are summarized
in Tasee 1.

Regulatory affairs

Nintedanib is marketed under the brand names OFEV® and
VARGATEF® (Bochringer Ingelheim), available in 100 mg
soft capsules. In the EU, it has been approved in combination
with docetaxel for the treatment of adult patients with locally
advanced, metastatic or locally recurrent NSCLC of adenocarci-
noma tumor histology after first-line chemotherapy [47] in
November 2014, marketed under the brand name VARGA-
TEF, and for the treatment of IPF in January 2015, under
orphan drug status, marketed under the brand name OFEV. In
the USA, FDA approved nintedanib for the treatment of
IPF [42] in October 2014.

Conclusion

Advanced NSCLC is a notorious disease showing moderate
sensitivity to chemotherapy. Nintedanib is a novel tyrosine
kinase inhibitor that targets tumor angiogenesis and is associ-
ated with improved survival in patients with lung adenocarci-
noma when used in combination with docetaxel in second-line
chemotherapy. However, there is still an unmet need for pre-
dictive factors in order to specify a subpopulation that would
derive the maximum clinical benefit.

Expert commentary
Angiogenesis is a fundamental procedure for tumor growth and
multiplication. It is therefore regarded as one of the essential
hallmarks of tumorigenesis [48). The clinical application of tar-
geting angiogenesis in solid tumors was stressed early in
1995 by Folkman. The ‘perfusion and paracrine’ effect of neo-
vascularization was explicitly described in his pioneering work.

The paracrine effect was attributed to growth factors (such
as IGF, FGF, PDGF) produced by endothelial cells [49]. This
paracrine effect may be a potential therapeutic target. Ninteda-
nib exerts its activity targeting VEGFR-1, -2, -3, FGFR-1, -2,
-3 and PDGFR-q, -B tyrosine kinases. The clinical benefit seen
with this agent may be partly attributed to the blockage of the
paracrine signaling,

Besides, another critical molecular pathway involved in
tumor survival, modility, proliferation and angiogenesis is
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mediated by the proto-oncogene tyrosine protein kinase Src.
This proto-oncogene is implicated in the epithelial to mesen-
chymal transition (EMT), which is regarded as a molecular sig-
nature associated with aggressive clinical behavior. Importantly,
EMT is a phenomenon through which cancer cells evade the
chemotherapy effect (s0). Nintedanib may prevent cancer cells
from EMT, inhibiting members of the Src family. EMT has
been also associated with acquired resistance to the EGFR
inhibitor erlotinib. Whether nintedanib could restore sensitivity
to erlotinib has yet to be investigated.

Bevacizumab was the first anti-angiogenic factor used in
advanced NSCLC of adenocarcinoma histological subtype,
combined with carboplatin-paclitaxel. The addition of bevaci-
zumab to the chemotherapy backbone conferred an OS benefit
(HR: 0.79; p = 0.003). Bevacizumab maintenance until pro-
gression has also gained acceptance [13]. Taking the paradigm
of colorectal cancer, sustaining angiogenesis inhibition despite
bevacizumab failure improves outcome, impeding tumor re-
vascularization [51. We speculate that continuing anti-
angiogenesis in NSCLC either with an antibody or a TKI such
as nintedanib may be of clinical benefit. This hypothesis needs
to be validated by randomized Phase III trials. Of note,
LUME-Lung 1 trial included 60 patients whose disease pro-
gressed after first-line bevacizumab added to chemotherapy.
The small number of this subpopulation does not permit a
subgroup analysis to investigate the effect of the nintedanib in
patients pretreated with bevacizumab [9].

Nevertheless, it is clear that nintedanib is the first agent tar-
geting angiogenesis used in second-line chemotherapy in
NSCLC patients which improves PFS and OS.

Despite the lack of validated predictive markers regarding
angiogenesis, certain mutations may be clinically meaningful.
An interventional, pilot, Phase 0 study is going to evaluate the
efficacy of nintedanib in molecularly selected NSCLC patients
who harbor mutations in molecules that drive angiogenesis
(VEGFR1-3, PDGFR-A, PDGFR-B and FGFR1-3). Interest-
ingly, this study will perform exome sequencing of pre- and
post-treatment paired tumor in order to define potental pre-
dictive markers [41].

More exploratory and translation research studies are there-
fore needed to unravel the tumor angiogenesis pathway and
shed light on potential predictive factors.

Five-year view

Currently, nintedanib plus docetaxel represents an available
treatment option for adult patients with locally advanced, meta-
static or locally recurrent NSCLC adenocarcinoma. Existing

Phase I, II and III clinical trials provide evidence of efficacy for
this combination regimen suggesting a reasonably safety profile
with tolerable adverse effects. Nevertheless, deeper analysis is
needed to address a series of issues regarding the extent and
limits of nintedanib clinical efficacy.

First, the biological mechanisms that may explain the agent
particular efficacy on some but not all patients are likely to be
further elucidated in the forthcoming years. This step would
contribute to the identification of patient subgroups that would
mostly benefit from nintedanib treatment and spare those who
would show treatment resistance. Such knowledge will particu-
larly affect the planning and implementation of future studies
that will likely include groups with more specific patient and
disease characteristics. The magnitude of the identification of
molecular signatures is clearly depicted in the results of the
CheckMate 057 trial [s2). In this trial, padents with EGFR
wild-type, advanced NSCLC experienced a 2.8 months OS
benefit when received second-line nivolumab (a programmed
cell death protein 1 immune checkpoint inhibitor) compared
with those who received docetaxel (12.2 vs 9.4 months, respec-
tively; HR: 0.73; 95% CI: 0.59-0.89; p = 0.0015). Interest-
ingly, higher expression of programmed death-ligand 1 staining
was associated with better OS. It is, therefore, essential that
therapy be tailored to the patient disease unique features such
as EGFR mutation status, EML4-ALK translocation, pro-
grammed death-ligand 1 staining along with the clinical status
of the patient.

Second, further analysis will help to determine whether
treatment with nintedanib may produce better, equal or
poorer results in terms of safety profile and OS in combina-
tion with other existing agents or even as monotherapy.
Existing evidence of efficacy is sufficiently robust to encour-
age further research within the context of second-line treat-

ment in NSCLC.
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Key issues

BIBF 1120 — nintedanib is a tyrosine kinase inhibitor which blocks VEGF, FGF, PDGF receptors and inhibits Fms-like tyrosine kinase 3 and
members of the Src-family.

Preclinical studies showed its antitumor activity and synergy with chemotherapy agents (doxorubicin and paclitaxel), and its eventual
importance on restoring multidrug resistance.

Despite its conjugation to glucuronic acid, the majority of BIBF 1120 metabolism is CYP450 enzyme-independent, allowing a
combination with cytotoxic chemotherapy. Its metabolites are excreted via the biliary system into the feces whereas urinary excretion is
minor.

Nintedanib maximum tolerated dose is 400 mg and is administered as capsules 200 mg twice daily orally after food intake.

Toxicity is easily manageable and mainly involves nausea, vomiting, diarrhea, abdominal pain, fatigue and liver enzymes elevation.

In the LUME-Lung 1 study, patients with advanced non-small-cell lung cancer (NSCLC) who received second-line chemotherapy with the
combination docetaxel-nintedanib showed improved progression-free survival (hazard ratio: 0.79) compared with those who received
docetaxel. Patients with adenocarcinoma derived an overall survival benefit with the combination (hazard ratio: 0.83).

The combination of nintedanib with pemetrexed is feasible in NSCLC patients receiving second-line chemotherapy.

Many ongoing clinical trials are investigating the role of nintedanib in the treatment of advanced NSCLC. Importantly, some of them
molecularly select patients who harbor certain mutations in order to define potential predictive markers.

In the EU, it has been approved in November 2014 in combination with docetaxel for the treatment of adult patients with locally
advanced, metastatic or locally recurrent NSCLC of adenocarcinoma tumor histology after first-line chemotherapy, marketed under the

brand name VARGATEF®.
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plus pemetrexed versus placebo plus
pemetrexed in patients with advanced
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