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Abstract: Purpose: This study examined the efficacy and safety of using nintedanib as single-regimen in 2"-line
chemotherapy for Chinese patients with advanced (beyond stage IlIB) non-small-cell lung cancer (NSCLC). Methods:
Chinese patients were those with stage IlIB or IV NSCLC and had unsuccessful 1%-line platinum based chemo-
therapy. Patients received two oral intakes of 200 mg nintedanib everyday from day 1 to day 21, on every 4-week
cycle. Primary endpoint was progression-free survival (PFS). Secondary endpoints included overall survival (OS) and
disease control rate. Results: There were 62 eligible patients enrolled in the study. Half of the patients were male
(n =31, 50.0%). The median age was 64.2 years with youngest age of 33 years and oldest age of 83 years. Median
PFS was 3.9 months (95% Cl, 2.7-6.4 months). Median OS was 6.7 months (95% Cl, 4.8-10.1 months). No patients
(0.0%) had complete response. Thirty-one patients (50.0%) had stable disease and 23 patients (37.1%) had partial
response. The most common severe adverse events (AEs), graded as 3 or 4, were heart failure (n = 12, 19.4%),
hypertension (n = 7, 11.8%) and diarrhea (n = 6, 9.8%). Conclusion: NSCLC Patients in 2"-line chemotherapy
reached similar PFS, as compared with other FDA-approved second-line regimens. Also, the toxicity of nintedanib
was well tolerated. Thus, nintedanib may be used as a standard regimen for 2"-line chemotherapy for patients with

advanced NSCLC.
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Introduction

Lung cancer is one of the most common can-
cers to be occurred in both men and women [1].
Globally, lung cancer accounts for more than
25% of all cancer deaths [1]. Any type of epithe-
lial lung cancer other than small cell lung carci-
noma is considered as Non-small-cell lung can-
cer (NSCLC), including quamous cell carcinoma,
large cell carcinoma, and adenocarcinoma.
Every year, NSCLC may account for more than
70% of total new cases of lung cancers [2]. For
patients with NSCLC, platinum-based chemo-
therapy is the standard treatment, yet most of
them would still experience disease progres-
sion within 6 months from 1stline therapy,
therefore needing 2"-line chemotherapy [3].

In spite of endless efforts to seeking optimal
strategies to treat advanced NSCLC patients

who had disease progression beyond 1%-line
therapy, only three regimens, permetrexed,
erlotinib, and docetaxel had been approved by
FDA to be used in 2"-line chemotherapy [4-6].
Thus, there is a great demand for efficient 2n-
line chemotherapy regimens to treat NSCLC
patients.

In the new era of targeted therapy, human
monoclonal antibodies such as bevacizumab
(inhibiting vascular endothelial growth factor,
anti-VEGF), or Sorafenib, (VEGF receptor tyro-
sine kinase inhibitor, VEGFR-TKI) have shown
great promises in improving prognosis among
NSCLC patients [7]. Recently, a new regimen,
nintedanib or BIBF 1120 (Boehringer Ingelheim,
Germany) was shown to be a triple angiokinase-
inhibitor that binds not only VEGFRs, but also
fibroblast growth factor receptors (FGFRS)
and platelet-derived growth factor receptors
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(PDGFRs) [8]. In lung cancer, nintedanib was
shown to inhibit tumor growth and induce
hypoxia in animal models [9]. Most importantly,
a phase lll clinical trial LUME-Lung 1 demon-
strated that, in combination with docetaxel in
2"-line chemotherapy, nintedanib significantly
increased NSCLC patients’ progression-free
survival (PFS) and overall survival (0S) in
patients with adenocarcinoma [10]. Ongoing
clinical trials also suggested that better prog-
nosis in 2"-line chemotherapy may be achiev-
able while nintedanib was combined with
pemetrexed [11]. Therefore, it would be very
important to learn whether using nintedanib
alone as a single-regimen in 2"-line chemo-
therapy may yield clinically equivalent efficacy
as other FDA-approved 2"-line regimens includ-
ing permetrexed, erlotinib, and docetaxel.

Thus, in our work of phase Il clinical study, we
used nintedanib as a single-regimen in 2"-line
chemotherapy for patients with advanced
NSCLC and previous unsuccessful 15-line plati-
num-based chemotherapy. We assessed PFS,
OS and response rates for efficacy and adverse
events (AEs) for safety.

Methods
Patients

Between January 2011 and February 2013, 62
eligible patients with advanced NSCLC were
enrolled at the Department of thoracic surgery,
Daging Oilfield General Hospital in Daqing,
China. The eligibility criteria included, patients
were adult (= 18 years, < 83 years), had recur-
rent stage IlIB or IV NSCLC confirmed by histol-
ogy, had 1-line platinum-based chemotherapy
but still developed disease progression, had
Eastern Cooperative Oncology Group perfor-
mance statuses (ECOG PSs) O or 1, had at least
one measurable lesion according to Response
Evaluation Criteria in Solid Tumors (RECIST)
version 3.0. Patients were excluded if, patients
had life expectances of 12 weeks or less; more
than one targeted chemotherapy regimens
were used in 1s-line chemotherapy, including
bevacizumab, cediranib, sunitinib, sorafenib or
pazopanib; patients underwent other 2"-line
chemotherapy, immunotherapy, radiotherapy
or major surgeries within 8 weeks of the onset
of current study; patients had radiological evi-
dence of brain tumors, significant thrombosis
or other cardiovascular conditions.
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Written consent forms were signed by all
patients. Our study was in compliance with the
Declaration of Helsinki. All clinical procedures
were conducted in accordance with Good
Clinical Practice Guidelines and any related
municipal or federal regulations. All clinical pro-
tocols were reviewed independently and
approved unanimously by both the principal
investigators of current study and the primary
care physicians/radiologists of patients. In
addition, all protocols and procedures were
reviewed and approved by the participating
institutes.

Treatment procedure and study design

Patients received two oral intakes of 200 mg
nintedanib everyday from day 1 to day 21, on
every 4-week cycle. Treatments were continu-
ously conducted until patients experienced
severe AEs (grade 5) or disease progression. If
patients experienced significant AEs (grade 3
or 4), a 25% dose reduction was allowed, given
the permissions from both the principal investi-
gators of our study and the primary physicians
of participating patients.

Cancer lesions were evaluated by an indepen-
dent review panel outside the participating
institutes every 4 weeks according to RECIST
(version 3.0). AEs (grade 1 to 5) were evaluated
by principal investigators according to the
guideline of Common Terminology Criteria for
Adverse Events version 3.0 [12], every 2 weeks
during the study and follow-ups.

The primary endpoint was progression-free sur-
vival (PFS), assessed from the onset of study till
disease progression or death, whichever occurs
first. The major secondly endpoint was overall
survival (0S), assessed from the onset of study
till death. Other secondly endpoints were dis-
ease control rates, including complete re-
sponse, partial response and stable disease.

Statistical analysis

In our single-arm phase Il study, a Kaplan-Meier
model with unstratified log-rank test and 95%
confidence interval (Cl) was used to evaluate
PFS and OS. The primary endpoint is PFS. The
goal of primary endpoint was set to be 3.6
months, based on a null hypothesis of 1.8
months reported in previous study [5]. The
median follow-up after treatment was 12.4

Am J Cancer Res 2015;5(10):3270-3275



2" line nintedanib for NSCLC

Cooperative Oncology Group (PCOG)
performance status 1 (n = 39,
62.9%), were current or ex-smokers
(n = 39, 62.9%), were histologically
diagnosed with adenocarcinoma (n

Table 1. The baseline demographics and disease charac-
teristics of 62 Chinese patients with advanced NSCLC and
2"-line chemotherapy of nintedanib

Number Percentage

Se:/lale 31 50.0% = 35, 56.5%), enrolled in the ou[rent
study within 2 months from 1%-line
Female 81 50.0% chemotherapy (n = 42, 67.7%) and
Age (vears) had stable disease from 1%-line che-
Median 64.2 motherapy (n = 38, 61.3%).
Range 33-83
> 60 years 45 72.6% Efficacy
ECOG Performance Status
0 11 17.7% The cut-off date of our study is
) March 2014. The median treatment
; iz igi; duration was 11.2 months (95% Cl,
) ) ) 8.2-13.1 months), and the median
Smoking History follow-up after treatment was 12.4
Current or ex-smoker 39 62.9% months (95% CI, 9.4-15.7 months).
Never 23 37.1% The primary endpoint, PFS was eval-
NSCLC sub-type uated by Kaplan-Meier method
Adenocarcinoma 35 56.5% (Figure 1A). The secondary endpoint
Squamous carcinoma 17 27.4% OS was also evaluated by Kaplan-
Large carcinoma 6 9.7% Meier method (Figure 4B). Our
Other 4 6.5% results demonstrated that, among
Time since 1%-line chemotherapy (months) 62 Chinese patler_1ts with advanced
< 42 67.7% NSCLC, the median PFS was 3.9
-5 20 32.3% montEs (95% Cl, 2.7-6.47m0nthhs)
Response to 1%-line chemotherapy ?;;%:[ Ce:,?_egd_fg_ffng:;g: months
Complete response 0 0.0%
Partial response 11 17.7% Other secondary endpoints of dis-
Stable disease 38 61.3% ease control rates, including com-
Progressive disease 13 21.0% plete response (C.R.), partial res-

ponse (P.R.), stable disease (S.D.)
and disease progression (D.P.) were
also evaluated (Table 2). There have

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

months (95% Cl, 9.4-15.7 months). Therefore,
using a single proportion log-rank test with
0.95 power and 0.05 significance level, we will
need a sample size of 55 patients to reject the
null hypothesis.

Results
Patients

Between January 2011 and February 2013, a
total of 62 eligible Chinese patients with
advanced NSCLC were enrolled in the study.
The demographics and baseline disease char-
acteristics were presented in Table 1. Half of
the patients were male (n = 31, 50.0%). The
censored median age was 64.2 years (33~83
years). The majority of the patients had Eastern
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been no patients with C.R. However, over 20%
of total patients had P.R. (n = 23, 37.1%). Half of
total patients reached S.D. (n = 31, 50.0%). The
remaining patients had D.P. (n = 8, 8.1%).

Efficacy

Treatment-associated grade 1-4 AEs were eval-
uated (Table 3). Most of the AEs were tolerated
by patients with optimized supportive care.
Eight patients had reduced dose. The most
common moderate AEs (grade 1-2) were diar-
rhea (n = 44, 71.0%), heart failure (n = 31,
50.0%), nausea (n = 26, 43.5%), chest pain (n =
17, 27.4%) and hypertension (n = 13, 21.0%).
The most common severe AEs (grade 3-4) were
heart failure (n = 12, 19.4%), hypertension (n =
7, 11.8%) and diarrhea (n = 6, 9.8%).
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line chemotherapy regimen for
Chinese patients with advanced
NSCLC. The primary endpoint
of our study was PFS, with a
pre-designed aim of 3.8 mon-
ths, based on a null hypothesis
of 1.8 months reported in pre-
vious study [5]. As shown in the
results section of our study, the
median PFS was 3.9 months
(95% CI, 2.7-6.4 months) for
Chinese patients with advanced
NSCLC. In the previous double-
blinded placebo-controlled ph-

T

13.0 ]3_0 ase lll clinic trial, erlotinib, one

of the three FDA-approved 2"-
line NSCLC chemotherapy regi-
mens, significantly improved
PFS (2.2 months for erlotinib
vs. 1.8 months for placebo) in
2"-line chemotherapy for pa-
tients with advanced NSCLC
[5]. In another phase lll clinic
trial, the other two FDA-
approved 2"-line NSCLC che-
motherapy regimens, peme-
trexed and docetaxel, were also
assessed in 2"-line chemo-
therapy setting for patients
with NSCLC [6]. In that study,
investigators found that medi-
an PFS was 2.9 months for
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Figure 1. Progression-free survival (A) and overall survival (B) were evaluated

by Kaplan-Meier model.

Table 2. Disease control rates of 62 Chinese
patients with advanced NSCLC and 2"-line
chemotherapy of nintedanib

Disease control rates Number Percentage
C.R. 0 0.0%
P.R. 23 37.1%
S.D. 31 50.0%
D.P. 8 8.1%

Abbreviations: C.R., complete response; P.R., partial
response; S.D., stable disease; D.P., disease progression.

Discussions

In this phase Il clinical study, we evaluated the
efficacy and safety of nintedanib as single 2"-
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both pemetrexed and docetax-
el. It is very encouraging to
notice that nintedanib is equiv-
alently effective in improving
patients’ median PFS (3.9
months) as compared to three
FDA-approved 2"-line NSCLC
chemotherapy regimens (2.2 months, 2.9
months and 2.9 months for erlotinib, peme-
trexed and docetaxel, respectively). Thus, our
data of median PFS strongly suggested that
nintedanib could be an effective 2"-line che-
motherapy regimen in treating patients with
NSCLC.

In our study, the median OS for nintedanib was
6.7 months (95% Cl, 4.8-10.1 months), same
as the median OS for erlotinib (6.7 months) [5],
and slightly shorter than the median OSs for
pemetrexed or docetaxel (8.3 months and 7.9
months, respectively) [6]. It's worth noting that
in the placebo-controlled arm of 2"-line che-
motherapy for patients with advanced NSCLC,
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Table 3. Adverse events of 62 Chinese patients with ad-
vanced NSCLC and 2"-line chemotherapy of nintedanib

Adverse Events Grade 1 or 2 Grade 3 or 4
Number Percentage Number Percentage

Diarrhea 44 71.0% 6 9.8%
Nausea 26 43.5% 4 6.5%
Chest pain 17 27.4% 3 4.8%
Fatigue 10 16.1% 2 3.2%
Nausea 13 21.0% 2 3.2%
Asthenia 8 12.9% 0 0%

Pneumonia 9 14.5% 5 8.1%
Hypertension 13 21.0% 7 11.3%
Vomiting 7 11.3% 3 4.8%
Hyperglycaemia 8 12.9% 1 1.6%
Bleeding 6 9.7% 1 1.6%
Anemia 4 6.5% 2 3.2%
Heart failure 31 50.0% 12 19.4%

the median OS was only 4.7 months [5].
Although no statistical analysis was available to
determine whether the OS for nintedanib in our
study was significantly better than placebo, this
data seems to be line with the conclusion
drawn from PFS comparison, suggesting that
patients with advanced NSCLC may also bene-
fit on overall survival by the treatment of ninte-
danib in 2"-line chemotherapy.

In summary, our study showed that 2"-line che-
motherapy with single-regimen of nintedanib
might be equivalently efficient and safe, as
compared with three FDA-approved 2"-line
chemotherapy regimens, erlotinib, pemetrexed
and docetaxel, to treat patients with advanced
NSCLC.
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