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Abstract
The aim of this study was to investigate the efficacy and safety of the extended use of platinum-based doublet chemotherapy (PT-DC)
plus endostatin in patients with advanced nonsmall cell lung cancer (NSCLC).
We performed a retrospective analysis of 200 newly diagnosed advanced NSCLC patients who had received at least 1 cycle of

endostatin plus PT-DC between September 2009 and November 2014. Of these patients, 155 received 4 or more cycles of therapy
(the extended therapy group), while 45 received less than 4 cycles of therapy (the control group). Clinical tumor responses,
progression-free survival (PFS), overall survival (OS), and toxicity profiles were recorded and retrospectively analyzed.
In the extended therapy group, 67 patients (43.2%) achieved a best overall response rate of partial response (PR), while in the

control group, 13 patients (28.9%) had a best overall response rate of PR. After a median follow-up of 15.9 months, the median PFS
and OS were 8.0 and 23.1 months in the extended arm and 5.8 and 14.0 months in the control arm, respectively. There were
statistically significant differences in median PFS and OS between these 2 arms. Hematologic and gastrointestinal toxicities occurred
more frequently in the extended therapy group, but no statistically significant difference was detected in grade 3 to 4 toxicities overall
between these 2 groups.
In conclusion, extended treatment using endostatin combined with PT-DC can provide additional survival benefits and satisfactory

toxicity profiles in previously untreated patients with NSCLC, which merits further evaluation in a larger prospective study.

Abbreviations: CPT-11 = irinotecan, DDP = cisplatin, EGFR = epidermal growth factor receptor, GEM = gemcitabine, HR =
hazard ratio, NDP = nedaplatin, NSCLC = nonsmall cell lung cancer, OS = overall survival, PEM = pemetrexed, PFS = progression-
free survival, PR = partial response, PT-DC = platinum-based doublet chemotherapy, TKI = tyrosine kinase inhibitor.
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1. Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide. Approximately 85% of lung cancer patients have
nonsmall cell lung cancer (NSCLC), and nearly two-thirds of
them have already reached an advanced stage (stage IIIB/IV) by
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the time of diagnosis, which always following with bad prognosis
although treated with improved therapies.[1–3] According to
current guidelines, the first-line treatment strategy for advanced
NSCLC should take into account age, histology, molecular
pathology, comorbidities, and the performance status of patients,
and platinum-based doublet chemotherapy (PT-DC) has been
recommended as the standard first-line treatment for such
individuals, especially those without epidermal growth factor
receptor (EGFR) mutations.[4–6] However, recent studies have
revealed that the efficacy of such regimens has reached a plateau,
which presents an urgent need for the development of new
therapeutic combinations with improved efficacy and acceptable
toxicity.[7,8]

It has been well documented that angiogenesis plays a central
role in the process of tumor growth and metastatic dissemina-
tion.[9] Over the past decade, the development of antiangiogenic
agents have grown remarkably and become one of the most
promising areas in cancer medicine.[10] Currently, several anti-
angiogenic agents have been approved for the treatment of patients
withadvancedNSCLC.Forexample, bevacizumab, a recombinant
humanized antivascular endothelial growth factor monoclonal
antibody, is the first antiangiogenic therapy approved by the Food
and Drug Administration (FDA). The E4599 and AVAiL trials
have shown that bevacizumab, in combination with PT-DC as a
first-line therapy, significantly improves survival outcomes in
patients with advanced nonsquamous NSCLC.[11,12] More
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importantly, in a recently published clinical study, the continuation
of bevacizumab plus standard chemotherapy beyond disease
progression was demonstrated to provide further survival benefits
in patients with metastatic colorectal cancer.[13] On the basis of
these results, continued antiangiogenesis by bevacizumab appears
to be necessary in order to maximize the clinical benefits derived
from initial therapy, and this finding may be extrapolated to other
antiangiogenic agents.
Endostatin is a novel potent inhibitor of angiogenesis, which

has been developed and approved in China. A number of studies,
both in vitro and in vivo, have demonstrated that endostatin
combined with concurrent chemoradiotherapy has a broad
spectrum of activity against solid tumors, such as breast cancer,
metastatic melanoma as well as NSCLC, with a favorable
toxicological profile.[14–16] A recent meta-analysis study showed
that in patients with advanced NSCLC, the addition of
endostatin to platinum-based chemotherapy resulted in a
significantly higher efficacy and similar tolerability as compared
with chemotherapy alone.[17] However, the optimal duration of
chemotherapy combined with endostatin remains uncertain, and
whether the continued use of endostatin could help to maximize
the clinical benefits derived from initial therapy is also unknown.
To address these issues, in the current study, we retrospectively
investigated the efficacy and safety of extended use of endostatin
plus PT-DC (4 or more cycles) in the treatment of advanced
NSCLC.

2. Patients and methods

2.1. Patients

A total of 272 consecutive advanced NSCLC patients who
received at least 1 cycle of endostatin plus PT-DC at the authors’
institution between September 2009 and November 2014 were
screened for this retrospective study. The inclusion criteria were
as follows: histologically or cytologically confirmed stage IIIB or
IV NSCLC; newly diagnosed without prior treatment history;
having measurable lesions (according to the Response Evaluation
Criteria in Solid Tumors); and having adequate bone marrow,
hepatic, and renal function. The exclusion criteria were:
individuals with rapid disease progression or intolerable toxicity
during the treatment course; having major organ dysfunction or
other serious complications; pregnant or breast feeding women;
history or presence of clinically significant cardiovascular
diseases; and incomplete clinical data. The study protocol was
approved by the ethical review board of the authors’ institution
prior to initiation.

2.2. Treatment regimens

The PT-DC regimens used for our patients included pemetrexed
(PEM, Alimta, Eli Lilly, Indianapolis, IN) and cisplatin (DDP,
Qilu Pharmaceutical Co. Ltd, Jinan, China), gemcitabine (GEM,
Gemzar, Eli Lilly) and DDP, irinotecan (CPT-11, Camptosar,
Pfizer, New York, NY) and DDP, PEM and nedaplatin (NDP,
Simcere Pharmaceutical Groups, Nanjing, China), and GEM
and NDP. PEM was administered intravenously (via IV) at 500
mg/m2 on day 1; DDP and NDP were administered via IV at 75
mg/m2 on day 1; GEMwas administered via IV at 1250mg/m2 on
days 1 and 8; and CPT-11 was administered via IV at 60mg/m2

on days 1, 8, and 15. Endostatin (Endostar, Simcere Pharmaceu-
tical Groups) was infused via IV at 7.5mg/m2 once daily for
14 days along with PT-DC therapy. Cycles were repeated every
21 days (PEM/GEM plus DDP/NDP) or 28 days (CPT-11 plus
2

DDP) until disease progression or unacceptable toxicity were
reached. Patients who received 4 or more cycles of therapy were
designated as the extended therapy group, while those who
received less than 4 cycles of therapy were designated as the
control group. During the treatment, concurrent radiotherapy
was performed based on the judgments of the treating physicians.
For patients who developed progression, EGFR tyrosine kinase
inhibitors (TKIs), or docetaxel-based chemotherapy were used
for subsequent treatment.
2.3. Assessment of efficacy and toxicity

Clinical data were retrospectively collected from the medical
records of all participants. Tumor response was evaluated as
complete response, partial response (PR), stable disease, or
progressive disease in accordance with the Response Evaluation
Criteria in Solid Tumors version1.1 every 2 cycles or when
required for radiologic examinations.[18] Progression-free sur-
vival (PFS) was calculated from the date of initiation of treatment
to the date of disease progression or death due to any cause.
Overall survival (OS) was measured from the date of treatment
initiation to death from any cause. PFS and OS were censored at
the last follow-up date if the event had not occurred. The best
overall response was defined as the best response recorded from
the start of treatment until disease progression or withdrawal
from treatment. Toxicity assessment was performed for all
patients. Adverse events and laboratory abnormalities were
assessed weekly according to the Common Terminology Criteria
for Adverse Events of the National Cancer Institute (CTCAE
version4.0).

2.4. Statistical data analysis

Statistical analysis was carried out using SPSS 19.0 software (IBM
Corp., Armonk, NY). Categorical data are reported as counts
and percentages, whereas continuous data are presented as
medians and ranges. The Chi-squared test or Fisher exact test was
used to compare categorical data. PFS and OS were calculated
according to the Kaplan–Meier method, and differences between
survival curves were estimated using the log-rank test. A
multivariable Cox proportional hazards regression model was
used to calculate hazard ratios (HRs) and 95% confidence
intervals. A P-value of less than 0.05 was considered statistically
significant.

3. Results

3.1. Patient demographics

A total of 155 NSCLC patients who received extended use of PT-
DC plus endostatin andmet the inclusion criteria were enrolled in
this study and served as the extended therapy group. In addition,
45 NSCLC patients who were treated with 3 or less cycles of PT-
DC plus endostatin were included as controls. The demographics
of the 2 groups are summarized in Table 1. Both treatment groups
were well balanced in terms of patient and disease characteristics,
except that the extended therapy group had a higher proportion
of patients with a smoking history and stage IV disease.
Furthermore, in the extended therapy group, 101 patients
(65.2%) received 4 cycles of PT-DC plus endostatin, 40 (25.8%)
received 5 or 6 cycles, and 14 (9.0%) received 7 or more cycles;
whereas in the control group, 11 (24.4%) received 1 cycle of
chemotherapy, 25 (55.6%) received 2 cycles, and 9 (20.0%)
received 3 cycles.



Table 2

Best responses to treatment in the 2 study groups.

Extended therapy

Efficacy 4 cycles (n=101) 5–6 cycles (n=40) ≥7 cycles (n

Best response during treatment
PR 35 24 8
SD 65 16 6
PD 1 0 0

PD=progressive disease, PR=partial response, SD= stable disease.

Table 1

Baseline patient characteristics.

Characteristic
Extended therapy

(N=155)
Control
(N=45) P value

Median age, year (range) 58 (25–78) 62 (37–76) 0.233
Age distribution, n, % 0.985
≥65 years 45 (29.0) 13 (28.9)
<65 years 110 (71.0) 32 (71.1)

Gender, n, % 0.112
Male 105 (67.7) 36 (80.0)
Female 50 (32.3) 9 (20.0)

Smoking history, n, % 94 (60.6) 38 (84.4) 0.003
ECOG performance status, n, % 0.484
0 103 (66.5) 26 (57.8)
1 44 (28.4) 17 (37.8)
2 8 (5.2) 2 (4.4)

Disease stage, n, % 0.011
IIIB 33 (21.3) 18 (40.0)
IV 122 (78.7) 27 (60.0)

Diagnostic method, n, %
Histology 141 (91.0) 40 (88.9) 0.675
Cytology 49 (31.6) 18 (40.0) 0.294

Histology, n, % 0.102
Adenocarcinoma 98 (63.2) 26 (57.8)
Squamous carcinoma 47 (30.3) 19 (42.2)
Other 10 (6.5) 0 (0)

EGFR mutation status, n, % 0.405
Positive 24 (15.5) 8 (17.8)
Negative 69 (44.5) 15 (33.3)
Unknown 62 (40.0) 22 (48.9)

Metastatic site, n, %
Bone 46 (29.7) 14 (31.1) 0.853
Pleura 50 (32.3) 11 (24.4) 0.316
Lung 49 (31.6) 9 (20.0) 0.131
Brain 27 (17.4) 10 (22.2) 0.465
Liver 14 (9.0) 3 (6.7) 0.616
Adrenal gland 6 (3.9) 5 (11.1) 0.061
Pericardium 16 (10.7) 3 (6.7) 0.462
Soft tissue 4 (2.6) 1 (2.2) 1.000
Others 22 (14.1) 5 (11.1) 0.594

Concurrent radiotherapy, n, % 56 (36.1) 13 (28.9) 0.368
Platinum-based doublet

chemotherapy, n, %
0.222

GEM+DDP 134 (86.5) 38 (84.4)
PEM+DDP 12 (7.7) 2 (4.4)
GEM+NDP 3 (1.9) 4 (8.9)
PEM+NDP 4 (2.6) 1 (2.2)
CPT-11+DDP 2 (1.3) 0 (0)

Subsequent therapy, n, %
EGFR TKI 88 (58.7) 26 (57.8) 0.905
Chemotherapy 82 (53.9) 18 (40.0) 0.128

CPT-11= irinotecan, DDP= cisplatin, ECOG=Eastern Cooperative Oncology Group, EGFR=
epidermal growth factor receptor, GEM=gemcitabine, NDP=nedaplatin, PEM=pemetrexed,
TKI= tyrosine kinase inhibitor.
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3.2. Response and survival assessment

The best overall responses to treatment in the 2 study groups are
summarized in Table 2. In the extended therapy group, 67
patients (43.2%, 67 out of 155) achieved a best overall response
of PR; while in the control group, less than one-third of patients
(28.9%, 13 out of 45) had a best overall response of PR. After a
median follow-up time of 15.9 months (range: 2.4–65.3 months),
113 patients (56.5%, 113 out of 200) had died of NSCLC-related
causes, 79 (51.0%, 79 out of 155) of which were in the extended
therapy group while 34 (75.6%, 34 out of 45) were in the control
group. The Kaplan–Meier curves of PFS and OS for both groups
are shown in Fig. 1A and B. Themedian PFS andOSwere 8.0 and
23.1 months in the extended therapy arm, and 5.8 and 14.0
months in the control arm, respectively. There were statistically
significant differences in median PFS and OS between the 2 arms
(P=0.023 for median PFS and P<0.001 for median OS,
respectively), indicating that extended use of PT-DC plus
endostatin resulted in a substantial survival advantage for
NSCLC patients (HR=0.67 [95% confidence interval=
0.48–0.95] for PFS, and HR=0.45 [0.30–0.67] for OS). In
addition, multivariate analysis for the extended therapy group
showed that disease stage, baseline performance status, EGFR
mutation status, and subsequent EGFR-TKI therapy were all
significant independent predictors for PFS and OS (data not
shown).
Furthermore, we performed a subgroup analysis using a Cox

proportional hazard model to determine the association between
each demographic variable and the survival benefit. As shown in
Fig. 2A and B, the results indicate that, aside from female patients
and those with EGFR mutation, substantial PFS and OS benefits
were seen in all subgroups after extended use of PT-DC plus
endostatin.

3.3. Safety

Treatment-related toxicity profiles of the 2 study groups are
summarized in Table 3. For both arms, hematologic and
gastrointestinal toxicities were the most common adverse
events. Patients in the extended therapy group experienced
significantly higher rates of leucopenia, neutropenia, anemia,
nausea, vomiting, and fatigue, as compared with controls.
However, aside from grade 3 to 4 infection, there were no
statistically significant differences in grade 3 to 4 toxicities
overall between the 2 treatment groups. In addition, it should
be noted that 2 patients in the extended therapy group and 3
in the control group experienced grade 3 to 4 cardiac
disorders. Most of these disorders occurred in the first or
second cycle of therapy, and disappeared following a
temporary cessation of therapy or adjustment of the infusion
rate.
Control

=14) 1 cycle (n=11) 2 cycles (n=25) 3 cycles (n=9)

1 8 4
10 17 5
0 0 0
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Figure 1. Kaplan–Meier estimated survival for 155 patients in the extended therapy group (blue line) and 45 in the control group (black line). (A) PFS, (B) OS. CI=
confidence interval, HR=hazard ratio, OS=overall survival, PFS=progression-free survival.
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4. Discussion

The role of platinum-based chemotherapy in patients with
advancedNSCLC has been established for 2 decades.[19] In recent
years, antiangiogenic agents have also shown efficacy in multiple
solid tumors and may provide additional benefits for advanced
NSCLC patients receiving a standard first-line platinum-based
regimen.[20] Several clinical studies have demonstrated the
efficacy and safety of bevacizumab, a humanized antiangiogenic
monoclonal antibody, when combined with platinum-based
chemotherapy in patients with NSCLC. For example, in the
E4599 study, addition of bevacizumab to a paclitaxel/carbopla-
tin regimen is associated with increased survival rates in
previously untreated patients with nonsquamous NSCLC.[11]

More importantly, the continuation of bevacizumab plus
standard chemotherapy beyond disease progression has been
demonstrated to provide further survival benefits in patients with
metastatic colorectal cancer.[13] This approach is also being tested
as a treatment for advanced NSCLC.[21,22] Collectively, these
reports support the hypothesis that continued the use of
antiangiogenic agents may be necessary to maximize the initial
clinical benefits derived from combined therapy with antiangio-
genic and chemotherapeutic drugs for lung cancer patients.
As a novel antiangiogenic agent, endostatin has been approved

in China for the treatment of NSCLC.[23] Meta-analysis studies
reveal that in patients with advancedNSCLC, the combination of
endostatin and PT-DC can achieve higher ORR, DCR, and TTP
as compared with PT-DC alone.[17,24] Nevertheless, in a
multicenter randomized phase II study involving 126 advanced
NSCLC patients, the addition of endostatin to a paclitaxel–-
carboplatin regimen could not significantly improve PFS or
OS.[25] These discrepant findings may be due to the limited
administration of endostatin therapy (for no more than 3 cycles)
in the enrolled patients, thus indicating a rationale for the
continued use of endostatinin order to achieve its full clinical
benefits. In the current study, we found that advanced NSCLC
patients who received ≥4 cycles of endostatin plus PT-DC had
significantly longer PFS and OS than those who received <4
cycles of therapy, which points to the importance of sustained
suppression of angiogenesis by endostatin in the treatment of
advanced NSCLC.
An interesting finding of this study was that extended

therapy achieved a more pronounced improvement in OS than
4

in PFS. Previous studies regarding other antiangiogenic agents
(e.g., bevacizumab) have demonstrated that discontinuation of
antiangiogenic therapy neither accelerates tumor growth nor
promotes the development of a more aggressive phenotype in
various solid tumors.[26,27] In this study, for patients who
received extended therapy, continued suppression of angiogen-
esis by endostatin, could inhibit further growth and spread of
tumor cells. After cessation of endostatin, new vessels began to
grow, thereby signaling the creation of an environment
supportive to tumor growth (indicated by disease progres-
sion).[28,29] Despite such conditions, there may still be a
suppressive effect on the induction of a more aggressive tumor
phenotype, thus contributing to the persistent OS benefit. The
molecular mechanism underlying this phenomenon, we
assume, might be related to the complex changes in the tumor
microenvironment elicited by initial endostatin therapy.
However, additional studies are needed to verify this
assumption.
Subgroup analysis showed a significant improvement or a

trend toward improvement in PFS and OS with extended
therapy in most subgroups, except for female patients and
those with EGFR mutation. A possible reason for this
discrepancy between female and male patients may be related
to the small sample size of female patients in the control group
(only 9 cases). However, the discrepancy between patients with
and without EGFR mutation maybe attributed to the fact that
in the control population, subsequent treatment with EGFR
TKIs may provide a survival benefit that minimizes risk due to
the short duration of endostatin+PT-DC treatment (less than
3 cycles).
Furthermore, we compared toxicity profiles between the

extended therapy group and the control group. According to
previous literature, systemic antiangiogenic therapy may result in
systemic toxicity.[30] In this study, patients treated with 4 or more
cycles of endostatin plus PT-DC did indeed have higher rates of
hematologic and gastrointestinal toxicities as compared with the
control patients. Nevertheless, these adverse events were
considered chemotherapy-related, and notably, there were no
statistically significant differences in almost all grade 3 to 4
toxicities between the 2 treatment groups. The only apparent
toxicity related to endostatin was cardiac disorder, but its
incidence rate was similar in the 2 study arms. Additionally, most



Figure 2. Forest plot for subgroup analyses of PFS (A) and OS (B). Treatment with extended use of PT-DC plus endostatin resulted in a survival benefit in most
patient subgroups. Size of the square is proportional to the precision of the study-specific effect estimates, and the bars indicate the corresponding 95% CIs. CI=
confidence interval, EGFR=epidermal growth factor receptor, HR=hazard ratio, OS=overall survival, PFS=progression free survival, PT-DC=platinum-based
doublet chemotherapy.
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cardiac disorders were mild and did not interrupt the continua-
tion of therapy. Taken together, these results support the safety of
the extended use of endostatin plus PT-DC as a treatment for
patients with advanced NSCLC.
5

Several limitations should be addressed here regarding the
present study. First, the retrospective and nonrandomized nature
of the study is its major limitation, which may have introduced
inherent selection biases that could weaken the conclusions.

http://www.md-journal.com


treatment of patients with advanced non-small-cell lung cancer: a

Table 3

Treatment-related toxicities that occurred in both treatment groups.

Extended therapy (N=155) Control (N=45)

Toxicity
All grades,

n, %
Grade 3 or 4,

n, %
All grades,

n, %
Grade 3
or 4, n, %

P value for all
grades of toxicities

P value for grade 3
or 4 toxicities

Hematologic
Leucopenia 127 (81.9) 31 (20.0) 29 (64.4) 7 (15.6) 0.013 0.503
Neutropenia 114 (73.5) 41 (26.5) 25 (55.6) 8 (17.8) 0.021 0.234
Thrombopenia 87 (56.1) 28 (18.1) 22 (48.9) 7 (15.6) 0.391 0.697
Anemia 87 (56.1) 14 (9.0) 12 (26.7) 2 (4.4) 0.001 0.318

Nonhematologic
Nausea 111 (71.6) 11 (7.1) 24 (53.3) 1 (2.2) 0.021 0.225
Constipation 92 (59.4) 3 (1.9) 21 (46.7) 1 (2.2) 0.131 0.904
Fatigue 64 (41.3) 7 (4.5) 11 (24.4) 1 (2.2) 0.040 0.489
Vomiting 49 (31.6) 6 (3.9) 7 (15.6) 0 (0) 0.035 0.180
Infection 28 (18.1) 1 (0.6) 6 (13.3) 3 (6.7) 0.457 0.036
Transaminase elevation 17 (11.0) 1 (0.6) 1 (2.2) 0 (0) 0.071 0.593
Diarrhea 10 (6.5) 3 (1.9) 5 (11.1) 2 (4.4) 0.296 0.343
Cardiac disorder 8 (5.2) 2 (1.3) 3 (6.7) 3 (6.7) 0.697 0.076
Bleeding event 5 (3.2) 1 (0.6) 1 (2.2) 0 (0) 1.000 0.593
Thromboembolic event 6 (3.9) 3 (1.9) 0 (0) 0 (0) 0.180 0.347
Allergy 2 (1.3) 0 (0) 0 (0) 0 (0) 0.444 –

Acute renal failure 1 (0.6) 0 (0) 0 (0) 0 (0) 0.593 –

Acute drug-induced lung injury 0 (0) 0 (0) 1 (2.2) 1 (2.2) 0.063 0.063

Hu et al. Medicine (2016) 95:28 Medicine
Other limitations include the relatively small sample size and the
use of data from a single institution, which might reduce the
generalizability of our findings.
In conclusion, the current study indicates that the extended

treatment of endostatin combined with PT-DC is able to provide
further survival benefits with satisfactory toxicity in previously
untreated patients with advanced NSCLC. Our findings support
the use of endostatin as a maintenance therapy for NSCLC,
which merits further evaluation in randomized trials.

Acknowledgements

The authors thank Dr Zhenhuan Zheng for his kind assistance in
data analysis and manuscript preparation. The authors also
thank Beijing Municipal Administration of hospitals Clinical
medicine Development of special funding (ZYLX201509) for the
support.
References

[1] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J
Clin 2012;62:10–29.

[2] Jegadeesh N, Liu Y, Gillespie T, et al. Evaluating intensity-modulated
radiation therapy in locally advanced non-small-cell lung cancer: results
from the national cancer data base. Clin Lung Cancer 2016;doi: 10.1016/
j.cllc.2016.01.007.

[3] Konings R, van Gool MH, Bard MP, et al. Prognostic value of pre-
operative glucose-corrected maximum standardized uptake value in
patients with non-small cell lung cancer after complete surgical resection
and 5-year follow-up. Ann Nucl Med 2016;30:362–8.

[4] Non-Small Cell Lung Cancer Treatment (PDQ(R)): Health Professional
Version. PDQ Cancer Information Summaries. Bethesda (MD) 2002.

[5] Xiao HQ, Tian RH, Zhang ZH, et al. Efficacy of pemetrexed plus
platinum doublet chemotherapy as first-line treatment for advanced
nonsquamous non-small-cell-lung cancer: a systematic review and meta-
analysis. Onco Targets Ther 2016;9:1471–6.

[6] Castellanos EH, Horn L. Re-evaluating progression in an era of progress:
a review of first- and second-line treatment options in anaplastic
lymphoma kinase-positive non-small cell lung cancer. Oncologist
2016;21:755–61.

[7] Kelly K, Crowley J, Bunn PAJr, et al. Randomized phase III trial of
paclitaxel plus carboplatin versus vinorelbine plus cisplatin in the
6

Southwest Oncology Group trial. J Clin Oncol 2001;19:3210–8.
[8] Schiller JH, Harrington D, Belani CP, et al. Comparison of four

chemotherapy regimens for advanced non-small-cell lung cancer. N Engl
J Med 2002;346:92–8.

[9] Shahneh FZ, Baradaran B, Zamani F, et al. Tumor angiogenesis and anti-
angiogenic therapies. Hum Antibodies 2013;22:15–9.

[10] Pircher A, Hilbe W, Heidegger I, et al. Biomarkers in tumor angiogenesis
and anti-angiogenic therapy. Int J Mol Sci 2011;12:7077–99.

[11] Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone or with
bevacizumab for non-small-cell lung cancer. N Engl J Med 2006;355:
2542–50.

[12] Reck M, von Pawel J, Zatloukal P, et al. Phase III trial of cisplatin plus
gemcitabine with either placebo or bevacizumab as first-line therapy for
nonsquamous non-small-cell lung cancer: AVAil. J Clin Oncol
2009;27:1227–34.

[13] Bennouna J, Sastre J, Arnold D, et al. Continuation of bevacizumab after
first progression in metastatic colorectal cancer (ML18147): a random-
ised phase 3 trial. Lancet Oncol 2013;14:29–37.

[14] Bao Y, Peng F, Zhou QC, et al. Phase II trial of recombinant human
endostatin in combination with concurrent chemoradiotherapy in
patients with stage III non-small-cell lung cancer. Radiother Oncol
2015;114:161–6.

[15] Chen J, Yao Q, Li D, et al. Neoadjuvant rh-endostatin, docetaxel and
epirubicin for breast cancer: efficacy and safety in a prospective,
randomized, phase II study. BMC Cancer 2013;13:248.

[16] Cui C, Mao L, Chi Z, et al. A phase II, randomized, double-blind,
placebo-controlled multicenter trial of Endostar in patients with
metastatic melanoma. Mol Ther 2013;21:1456–63.

[17] Rong B, Yang S, Li W, et al. Systematic review and meta-analysis of
Endostar (rh-endostatin) combined with chemotherapy versus chemo-
therapy alone for treating advanced non-small cell lung cancer. World J
Surg Oncol 2012;10:170.

[18] Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer 2009;45:228–47.

[19] Pilkington G, Boland A, Brown T, et al. A systematic review of the clinical
effectiveness of first-line chemotherapy for adult patients with locally
advancedormetastaticnon-smallcell lungcancer.Thorax2015;70:359–67.

[20] Hall RD, Le TM, Haggstrom DE, et al. Angiogenesis inhibition as a
therapeutic strategy in non-small cell lung cancer (NSCLC). Trans Lung
Cancer Res 2015;4:515–23.

[21] Gridelli C, Bennouna J, de Castro J, et al. Randomized phase IIIb trial
evaluating the continuation of bevacizumab beyond disease progression
in patients with advanced non-squamous non-small-cell lung cancer after
first-line treatment with bevacizumab plus platinum-based chemothera-



py: treatment rationale and protocol dynamics of the AvaALL alone or with endostar for advanced non-small cell lung cancer. J Thorac

Hu et al. Medicine (2016) 95:28 www.md-journal.com
(MO22097) trial. Clin Lung Cancer 2011;12:407–11.
[22] Takeda M, Okamoto I, Yamanaka T, et al. Impact of treatment with

bevacizumab beyond disease progression: a randomized phase II study of
docetaxel with or without bevacizumab after platinum-based chemo-
therapy plus bevacizumab in patients with advanced nonsquamous non-
small cell lung cancer (WJOG 5910L). BMC Cancer 2012;12:327.

[23] Ling Y, Yang Y, Lu N, et al. Endostar, a novel recombinant human
endostatin, exerts antiangiogenic effect via blocking VEGF-induced
tyrosine phosphorylation of KDR/Flk-1 of endothelial cells. Biochem
Biophys Res Commun 2007;361:79–84.

[24] GeW, CaoDD,WangHM, et al. Endostar combinedwith chemotherapy
versus chemotherapy alone for advanced NSCLCs: a meta-analysis.
Asian Pac J Cancer Prev 2011;12:2901–7.

[25] Han B, Xiu Q, Wang H, et al. A multicenter, randomized, double-blind,
placebo-controlled study to evaluate the efficacy of paclitaxel-carboplatin
7

Oncol 2011;6:1104–9.
[26] Bagri A, Kouros-Mehr H, Leong KG, et al. Use of anti-VEGF adjuvant

therapy in cancer: challenges and rationale. Trends Mol Med 2010;16:
122–32.

[27] Miles D, Harbeck N, Escudier B, et al. Disease course patterns after
discontinuation of bevacizumab: pooled analysis of randomized phase III
trials. J Clin Oncol 2011;29:83–8.

[28] Karamouzis MV, Moschos SJ. The use of endostatin in the treatment of
solid tumors. Expert Opin Biol Ther 2009;9:641–8.

[29] Digtyar AV, Pozdnyakova NV, Feldman NB, et al. Endostatin: current
concepts about its biological role and mechanisms of action. Biochemis-
try (Mosc) 2007;72:235–46.

[30] Chen HX, Cleck JN. Adverse effects of anticancer agents that
target the VEGF pathway. Nat Rev Clin Oncol 2009;6:
465–77.

http://www.md-journal.com

	Efficacy and safety of extended use of platinum-based doublet chemotherapy plus endostatin in patients with advanced nonsmall cell lung cancer
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Treatment regimens
	2.3 Assessment of efficacy and toxicity
	2.4 Statistical data analysis

	3 Results
	3.1 Patient demographics
	3.2 Response and survival assessment
	3.3 Safety

	4 Discussion
	Acknowledgements
	References


