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Introduction

Abstract

Background: Recombinant human endostatin (rh-endostatin) plus standard
chemotherapy in advanced non-small cell lung cancer (NSCLC) patients has
shown improved efficacy; however, it is unclear whether it is effective and safe
when added to pemetrexed/cisplatin and used as maintenance therapy.

Methods: We retrospectively evaluated the data of untreated NSCLC patients
administered rh-endostatin plus pemetrexed/cisplatin or pemetrexed/cisplatin.
The primary endpoint was progression-free survival (PFS).

Results: Fifty-six and 39 patients received rh-endostatin plus pemetrexed/cis-
platin and pemetrexed/cisplatin, and 34 and 29 underwent maintenance treat-
ment, respectively. The median PFS was 10 months (95% confidence interval
[CI] 5.85-14.15) in the rh-endostatin and 8.2 months (4.04-12.36) in the chemo-
therapy group, but the difference was not statistically significant (P = 0.13). In
patients administered maintenance treatment, rh-endostatin plus pemetrexed
was associated with prolonged PFS compared to single-agent pemetrexed when
PFS was calculated from first dosing (13.7 [9.41-17.99] vs. 8.2 [4.16-12.24];
P = 0.032); however, PFS did not differ between the groups (hazard ratio 0.618;
95% CI 0.368-1.038; P = 0.069) after adjusting for clinical factors. No difference
was observed in the objective response rate between the groups (48.2% vs. 38.5%;
P = 0.346), with the exception of men (62.1% vs. 33.3%; P = 0.032) or in the inci-
dence of drug-related or grade 3-4 adverse events.

Conclusion: In previously untreated, advanced-stage NSCLC patients, first-line
treatment with pemetrexed/cisplatin plus rh-endostatin did not prolong PFS or
overall survival when compared to pemetrexed/cisplatin, but a trend of improved
PFS was observed in patients administered maintenance rh-endostatin plus
pemetrexed.

comprise approximately 75-80% of lung cancers, which
mainly consist of adenocarcinoma and squamous cell car-

Lung cancer remains a global health burden as the most
common cancer and the leading cause of cancer-related
death, with an estimated 224 390 new cases diagnosed and
158 080 deaths per year in the United States, and an esti-
mated 733 300 new cases diagnosed and 610 200 deaths
per year in China."* Non-small cell lung cancers (NSCLCs)
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cinoma. A platinum-based, doublet chemotherapy regimen
has been established as standard treatment. Recently, the
introduction of pemetrexed has been found to be more
effective than gemcitabine as a component of first-line
treatment for patients with non-squamous carcinoma, par-
ticularly adenocarcinoma (median 12.6 vs. 10.9 months).>*
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Angiogenesis plays a key role in the development of
cancer.”” Several agents that target vascular endothelial
growth factor receptor (VEGFR) have been approved for
the treatment of NSCLC. In a first-line setting, the addition
of bevacizumab to chemotherapy significantly improved
the clinical outcome with overall survival (OS) of
12.3 months in a Western population and 24.3 months in
a Chinese population.®® However, increased toxicity was
observed during bevacizumab treatment and class-related
adverse events including hypertension, proteinuria, febrile
neutropenia and life-threatening pulmonary hemorrhage,
particularly in squamous NSCLC.*'® The approval of
ramucirumab and nintedanib has provided new options
for NSCLC patients who progressed on initial treatment,
with improved OS and tolerable toxicity when combined
with standard second-line chemotherapy."™”> More
recently, anlotinib, a novel multitarget tyrosine kinase
inhibitor targeting vascular endothelial growth factor
receptor 2 (VEGFR2), platelet-derived growth factor
receptor-f  (PDGFR), and fibroblast growth
receptor-1 (FGFR1), has provided significant progression-
free survival (PFS) and OS benefits as third-line

factor

treatment.'*

Endostatin is a C-terminal fragment type of XVIII colla-
gen that directly targets new capillary endothelial cells
around a tumor. Using a yeast expression system, recombi-
nant human endostatin (rh-endostatin, Endostar) has been
developed. Rh-endostatin displays an increased tumor
response when added to chemotherapy in NSCLC
patients,'® with cardiac adverse events such as dose limited
toxicity, and other mild drug-related adverse events
including fever, rash, dizziness, headache, diarrhea, fatigue,
palpitation, and chest discomfort.'® A randomized, double-
blind, phase 3 study further confirmed these results, find-
ing that rh-endostatin plus vinorelbine/cisplatin was
associated with significantly prolonged time to progression
(6.3 vs. 3.6 months; P = 0.0000).”” Based on the results of
such studies, rh-endostatin was approved by the Chinese
Food and Drug Administration in 2006 for the treatment
of advanced NSCLC. However, no study has evaluated the
efficacy and safety of rh-endostatin when added to peme-
trexed/cisplatin, and its role as maintenance therapy.
Herein, we present a retrospective comparison of efficacy
and safety between rh-endostatin plus pemetrexed/cisplatin
and pemetrexed/cisplatin in our department at a single
center.

Methods

Patients

Retrospective analysis of data collected between November
2013 and January 2017 from a lung cancer database at the
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Cancer Hospital and Institute, Chinese Academy of Medi-
cal Sciences (CAMS, Beijing, China) was conducted. The
eligibility criteria were as follows: pathologically or cytolog-
ically confirmed non-squamous lung cancer; stage IIIB or
IV disease (defined by American Joint Committee on Can-
cer Tumor Node Metastasis [TNM] staging system version
7.0); no previous systemic anticancer treatment; Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 0 -1; at least one measurable lesion according to
Response Evaluation Criteria in Solid Tumors, version 1.1
(RECIST vl.1); and adequate bone marrow, hepatic, and
renal functions. The primary endpoint was PFS, while sec-
ondary endpoints were objective response rate (ORR), dis-
ease control rate (DCR), OS, and safety.

This study was conducted in compliance with the Decla-
ration of Helsinki and applicable local regulations. The
hospital institutional review board approved the study pro-
tocol and written informed consent was obtained from
each participant.

Treatment

Patients were administered pemetrexed 500 mg/m® and
cisplatin 75 mg/m? on day 1 by intravenous infusion (che-
motherapy group) plus rh-endostatin 7.5 mg/m* on days
1-14 (rh-endostatin group), every three weeks. Patients
who experienced a tumor response or achieved stable dis-
ease (SD) after four to six cycles of treatment continued to
receive maintenance rh-endostatin plus pemetrexed or
single-agent pemetrexed until unacceptable adverse events
or disease progression. Dose reduction or interruption of
study drugs was allowed according to label recommenda-
tions. Clinical data was recorded at baseline, including age,
gender, PS, biomarker analysis, disease stage, pathological
subtype, and smoking status. Imaging evaluation by com-
puted tomography (CT) scan was conducted every six to
eight weeks according to clinical practice. Safety was moni-
tored during the study period.

Treatment evaluation

All patients underwent a CT scan at the start of chemo-
therapy and then every six to eight weeks to evaluate the
tumor response using RECIST vl.1. Safety assessments
included physical examination, documentation of adverse
events, electrocardiogram, and laboratory tests. Adverse
events were graded according to National Cancer Institute
Common Terminology Criteria for Adverse Events ver-
sion 4.0.

Tumor response was assessed every six to eight weeks
using RECIST v1.1. The response-evaluable population was
defined as patients who received at least two cycles of treat-
ment regimens with a measurable lesion.
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Table 1 Patient characteristics
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Characteristic Chemotherapy + Endostar (n = 56) Chemotherapy (n = 39) P
Age (year, mean + SD) 54.07 + 9.48 57.41 + 11.09 0.119
Gender
Female 27 (48.2) 12 (30.8) 0.089
Male 29 (51.8) 27 (69.2)
Disease stage
llib 7(12.5) 2(5.1) 0.395
[\ 49 (87.5) 37 (94.9)
ECOG PS score
0-1 56 (100.0) 38 (97.4) 0.411
2 0(0.0) 1(2.6)
Smoking status
Yes 20 (35.7) 20(51.3) 0.131
No 36 (64.3) 19 (48.7)
Presence of distinct metastasis
Yes 55 (98.2) 39 (100.0) 1.000
No 1(1.8) 0 (0.0)
Biomarker status
Unknown 20 (35.7) 19 (48.7) 0.402
Wild 17 (30.4) 10 (25.6)
EGFR 19 Del 7(12.5) 1(2.6)
EGFR 21 L858R 8(14.3) 4(10.3)
Other EGFR mutation 1(1) 1(2.6)
ALK rearrangement 3(5.4) 4(10.3)

Del, deletion; ECOG PS, Eastern Cooperative Oncology Group performance score; SD, standard deviation.

Statistical analysis

The two groups were compared regarding basic clinical char-
acteristics; efficacy outcomes in terms of PFS, ORR, DCR,
and OS; and safety. PFS was measured as the interval
between the date of first dosing and the date of disease pro-
gression or intolerable toxicity. ORR was defined as the per-
centage of patients who had a tumor response (complete
response [CR] and/or partial response [PR]). DCR was
defined as the percentage of patients who had CR and/or PR
and SD. OS was measured as the interval between the date of
first dosing and the date of death or last follow-up. Survival
analysis was conducted using the Kaplan-Meier method, and
the differences according to treatment were compared using
the log-rank test. A Cox regression model was used for PFS
and OS multivariate analyses to test the effect of independent
variables such as gender, histology, disease stage, smoking
status, and duration of treatment. Statistical analyses were
performed using SPSS version 20 (IBM Corp., Armonk, NY,
USA). A P value < 0.05 was considered significant.

Results

Patient characteristics

From November 2013 to January 2017, 95 patients met the
inclusion criteria and were included in the analysis. A total
of 39 patients received pemetrexed/cisplatin and 56 received
pemetrexed/cisplatin plus rh-endostatin. No significant
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differences were observed in treatment cycles between the
groups (Table S1).

Baseline characteristics and demographics were similar
between the groups (Table 1). The mean ages were 54.07
and 57.41 years in the rh-endostatin and chemotherapy
groups, respectively. There were more male patients in the
chemotherapy group than in the rh-endostatin group (69.2%
vs. 51.8%), but the difference was not statistically significant.
All patients had lung adenocarcinoma, with the majority of
patients in both arms with stage IV disease and good perfor-
mance (PS score 0-1). A total of 51.3% patients in the che-
motherapy group and 35.7% in the rh-endostatin group were
smokers. Test results of biomarkers in 56 patients showed
EGFR mutations or ALK rearrangement. Biomarker status
was also similar between the groups (Table 1).

Efficacy

All patients experienced disease progression (n = 90) or
died (n = 5). Figure 1 shows the Kaplan-Meier curve for
overall PFS; the median PFS was 10 months (95% confi-
dence interval [CI] 5.85-14.15) in the rh-endostatin group
and 8.2 months (4.04-12.36) in the chemotherapy group,
but the difference was not statistically significant (P = 0.13)
(Fig 1, Table 2). After adjusting for clinical factors (age,
gender, disease stage, and smoking status), PFS did not
differ in the overall study population between the rh-

endostatin and chemotherapy groups (hazard ratio
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Figure 1 Kaplan—Meier curves for progression-free survival
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[HR] 0.788, 95% CI 0.510-1.216; P = 0.282). The influence
of the addition of maintenance on PES is summarized in
Table S2. No statistically significant difference in PFS was
found between the groups in subgroup analysis, including
gender, disease stage, or smoking status (Table S3). We
also explored PFS in patients with identified tumor driven
mutations, which was 7 months (95%CI 4.43-9.57),
9.5 months (4.24-14.76), and 17 months (15.72-18.28) for
patients with EGFR 19 Del, EGFR 21 L858R, and ALK
rearrangement, respectively.

All patients had measurable lesions. The ORR and DCR
were 48.2% and 98.2% in the rh-endostatin group, and

Table 2 Efficacy of pemetrexed/cisplatin alone or with rh-endostatin
for advanced non-small cell lung cancer

Pemetrexed/ Rh-endostatin +
cisplatin pemetrexed/
Efficacy parameters (n=39) cisplatin (n = 56) P
PFS (95% Cl), months 8.2 (4.04-12.36) 10 (5.85-14.15) 0.13
0S (95% Cl), months 36 (27.25-44.75) 29 (25.1-32.9) 0.775
CR 0 0 —
PR 27 15 —
SD 28 24 —
ORR 48.2% 38.5% 0.346
DCR 98.2% 100% 1.000

Cl, confidence interval; CR, complete response; DCR, disease control
rate; PFS, progression-free survival; PR, partial response; ORR, overall
response rate; OS, overall survival.
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38.5% and 100% in the chemotherapy group, respectively,
without statistical difference (P = 0.346 and P = 1.000 for
ORR and DCR, respectively) (Table 2). Similar response
rates in women, non-smokers, patients with stage IIIB or
IV disease, and those with ECOG PS 0-1 were observed
between the groups (Table S2). Of note, men and smokers
showed a higher response rate in the rh-endostatin than in
the chemotherapy group (Table S4).

At data cut-off (30 September 2017), more than half
(53.7%) of the patients were still alive. The median OS was
36 months (95% CI 27.25-44.75) in the rh-endostatin
group and 29 months (95% CI 25.1-32.9) in the chemo-
therapy group, without significant difference (P = 0.775)
(Fig 2, Table 2). The influence of the addition of mainte-
nance on OS is summarized in Table S2.

Safety

The overall incidence of drug-related adverse events is
listed in Table 3. There was no difference between the
groups with respect to the frequency of overall drug-related
adverse events (rh-endostatin 96.45 vs. chemotherapy
100%; P = 0.511) or grade 3 or 4 drug-related adverse
events (rh-endostatin 19.6% vs. chemotherapy 23.1%;
P = 0.686). Hematological toxicity, elevated transaminase,
and gastric toxicity were the most common drug-related
adverse events, and hematological toxicity was the major
grade 3-4 drug-related adverse event in both groups.
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Discussion

Rh-endostatin is a novel recombinant human endostatin
expressed and purified in Escherichia coli. It was approved
in 2006 as a component combined with vinorelbine/cis-
platin for the treatment of NSCLC. Previous studies have
evaluated the efficacy and safety of the combination of rh-
endostatin and platinum-based doublet chemotherapy;

Table 3 Drug-related adverse events (n/%)

however, limited data is available on the combination of
rh-endostatin and pemetrexed-based first-line and mainte-
nance therapy.'”*

Despite the lack of significant differences, our results
showed a trend of prolonged PFS and OS in the overall
population, regardless of the addition of maintenance. Rh-
endostatin plus pemetrexed/cisplatin followed by rh-
endostatin plus pemetrexed maintenance significantly

All Grade 3-4

Endostar + pemetrexed/ Pemetrexed/ Endostar + pemetrexed/ Pemetrexed/
Adverse event cisplatin (n = 56) cisplatin (n = 39) P cisplatin (n = 56) cisplatin (n = 39) P
Any 54 (96.4) 39 (100.0) 0.511 11(19.6) 9(23.1) 0.686
Hematological toxicity
Myelosuppression 48 (85.7) 37 (94.9) 0.275 9(16.1) 6(15.4) 1.000
Thrombocytopenia 8(14.3) 3(7.7) 0.508 2(3.6) 0(0.0) 0.511
Hemoglobin reduction 24 (42.9) 20 (51.3) 0.418 1(1.8) 2(5.1) 0.749
Non-hematological toxicity
Increased transaminase 13(23.2) 9(23.1) 0.988 — — —
Cardiotoxicity 1(1.8) 1(2.6) 1.000 1(1.8) 0(0.0) 1.000
Renal dysfunction 2(3.6) 4(10.3) 0.374 — — —
Pigmentation 1(1.8) 0(0.0) 1.000 — — —
Rash 0(0.0) 1(2.6) 0.411 — — —
Nausea 50 (89.3) 30(76.9) 0.104 2 (3.6) 2(5.1) 1.000
Vomiting 48 (85.7) 29 (74.4) 0.165 2(3.6) 2 (5.1) 1.000
Fatigue 3(5.4) 1(2.6) 0.883 — — —
Neurotoxicity 0(0.0) 1(2.6) 0.411 — — —
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improved the PFS in treatment-naive patients with lung
adenocarcinoma; however, after adjusting for clinical fac-
tors including age, gender, disease stage, and smoking sta-
tus, the difference was not statistically significant.
Moreover, the addition of rh-endostatin to pemetrexed/
cisplatin was well tolerated without increased toxicity.

Several randomized studies have been performed to
compare efficacy and safety between rh-endostatin plus
platinum-based doublet chemotherapy and chemotherapy
alone. The addition of rh-endostatin was associated with
prolonged time-to-progression when compared to chemo-
therapy alone (5.7-6.6 vs. 3.2-3.7 months) for the treat-
ment of NSCLC patients, regardless of histological
subtypes or the presence of previous treatment.'””"” On the
contrary, no PES benefit was shown in a multicenter phase
2 study in which 126 previously untreated advanced-stage
NSCLC patients were enrolled and randomized to receive
rh-endostatin plus paclitaxel/carboplatin or paclitaxel/car-
boplatin.*® Despite a numerical prolongation of survival,
there was no statistically significant difference in PFS (7.1
vs. 6.3 months, respectively; P = 0.522) or OS (17.6
vs. 15.8 months, respectively; P = 0.696) between the
groups. However, the study designs of the abovementioned
studies did not allow us to ascertain any benefit of the
combination of rh-endostatin and pemetrexed-based first-
line chemotherapy and the continued administration of rh-
endostatin after the end of chemotherapy. Pemetrexed-
based first-line and maintenance chemotherapy is a rela-
tively modern standard regimen for treatment-naive,
advanced-stage NSCLC patients, especially for those with
the non-squamous subtype, with a median PFS of 6.9--
7.7 months.”"* In the current study, the median PFS for
patients receiving only first-line treatment was five months
in each group, thus the addition of rh-endostatin to peme-
trexed/cisplatin did not improve PES (P = 0.81) during the
induction period. For patients receiving maintenance treat-
ment, rh-endostatin  plus pemetrexed significantly
improved PES. Although our results were not statistically
significant different because of the small patient sample, it
should be noted that patients in the rh-endostatin group
tended to be younger, female, at stage IIIB disease, and
non-smokers, which could have favorably affected efficacy
results. Further analysis using a Cox regression model
found borderline PFS benefits in patients treated with
maintenance rh-endostatin plus pemetrexed.

Despite the lack of significant difference, the Kaplan-
Meier plots show a divergent trend in OS in patients
receiving maintenance therapy. It is possible that no OS dif-
ferences were observed in this study because the data were
premature and we had a limited sample size. In this study,
the efficacy of rh-endostatin, including survival benefit and
tumor response did not differ in subgroups such as gender,
disease stage, and smoking status, with the exception of
tumor response in men. The lack of an association between
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clinical characteristics and efficacy is probably related to the
limited number of patients in each subgroup.

Regarding safety, the adverse event profile of
rh-endostatin in this study was consistent with previous
studies, without unexpected safety concerns."”*° Adding rh-
endostatin to pemetrexed/cisplatin did not increase the inci-
dence of drug-related or grade 3/4 adverse events, suggesting
that toxicity is related to chemotherapy. No class-related
side effects of antiangiogenic therapy, such as hemorrhage,
hypertension, or venous thromboembolism were observed.”
The main drug-related adverse events of rh-endostatin plus
pemetrexed/cisplatin comprise hematological, gastrointesti-
nal, and reversible increases in liver enzymes, which
compare with the incidence of adverse events of other anti-
angiogenic therapies® and are consistent with that reported
for rh-endostatin in other clinical studies'>~*°

Our study has some limitations. The small number of
subjects limited statistical validity. The retrospective nature
of the study introduced selection bias, which resulted in an
unbalanced population. Finally, the short follow-up period
meant that only half of the OS events were observed. These
limitations should be considered when interpreting the
results of this study.

In summary, to the best of our knowledge, this is the
first study to evaluate the benefit of the continued adminis-
tration of rh-endostatin after induction chemotherapy. The
combination of rh-endostatin and pemetrexed/cisplatin
was not associated with a significant improvement in PFS
or OS in patients with treatment-naive advanced-stage
lung adenocarcinoma, regardless of the addition of mainte-
nance. There are several possible explanations for these
negative results, including the retrospective nature of the
study and limited sample size. The unbalanced treatment
exposure between the groups should also be noted, as
fewer patients received maintenance treatment in the rh-
endostatin + pemetrexed/cisplatin group. Prospective ran-
domized study is warranted to further investigate the clini-
cal benefits of rh-endostatin.
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