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Background: Evidence of the efficacy of immune checkpoint inhibitors (ICIs) plus antiangiogenic drugs
in previously treated patients with advanced non-small-cell lung cancer (NSCLC) is still insufficient,
so we investigated the safety and efficacy of nivolumab plus recombinant human (rh)-endostatin in such
patients.

Methods: Patients without epithelial growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK)
targetable mutations in advanced NSCLC who did not respond to previous treatment were enrolled. Eligible
patients received nivolumab (3 mg/kg, i.v. drip, day 1) every 2 weeks and rh-endostatin (210 mg, continuous
i.v. infusion for 168 h) every 4 weeks until disease progression or discontinuation. The primary endpoint was
the objective response rate (ORR). The secondary endpoints included disease control rate (DCR), duration
of response (DOR), clinical benefit response rate (CBR), progression-free survival (PFS), overall survival (OS)
and safety.

Results: A total of 34 patients received a median of 4 cycles of therapy. In all, 14 patients achieved
confirmed partial response (PR) with an ORR of 41.2% [14/34; 95% confidence interval (CI): 23.7-58.6%],
DCR of 64.7% (22/34; 95% CI: 47.8-81.6%), CBR of 44.1% (95% CI: 26.5-61.7%), and a DOR of 6.9 (95%
CIL: 4.4-9.4) months. Median follow-up was 12.2 (range, 2.3-18.1) months. Median PFS (mPFS) was 6.8
(95% CI: 1.1-12.1) months, median OS (mOS) was 17.1 (95% CI: 6.6-27.6) months, and 12-month survival
rate of 64.4% (95% CI: 46.2-82.6%). In all, 18 (18/34, 52.9%) patients experienced at least one treatment-
related adverse event (TRAE), and Grade 3 TRAEs occurred in 4 (4/34, 11.8%) of them.

Conclusions: This study is first to assess nivolumab plus rh-endostatin in previously treated patients
with advanced NSCLC. In view of its favorable efficacy and safety profile, this combination represents a

promising treatment regimen in this patient population.
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Introduction

Immune checkpoint inhibitors (ICIs) play an important
role in the treatment of advanced non-small-cell lung
cancer (NSCLC). Two phase III trials demonstrated that
nivolumab vs. docetaxel improved overall survival (OS) and
showed a favorable safety profile in patients with previously
treated advanced NSCLC (1,2), making nivolumab one
of the current new standard second-line treatments in
advanced NSCLC. Besides nivolumab, atezolizumab and
pembrolizumab also have been approved as second-line
treatments. A primary concern about ICI monotherapy as
second-line therapy is the unsatisfactory tumor regression
in clinical practice. To overcome this problem, combination
therapy has been proposed and developed.

A series of preclinical studies suggest that ICIs and anti-
angiogenesis therapy may have synergistic antitumor effects
(3-6). Anti-angiogenesis therapy not only normalizes the
tumor vasculature but also optimizes the tumor’s immune
microenvironment (7). Similar to the promising findings
from preclinical studies, many clinical trials have shown
encouraging clinical benefits and a favorable safety profile
for combining ICIs and antiangiogenic drugs in patients
with advanced NSCLC (8-12). The IMPOWERI150 study
including atezolizumab, bevacizumab and chemotherapy
has unlocked the door of combination therapy of
immunotherapy and anti-angiogenic drug for first-line in
advanced non-squamous NSCLC (10). In view of the high-
toxicity from the IMPOWERI150 trial, chemotherapy-free
treatment combing with PD-1 inhibitor and anti-angiogenic
has recently emerged as a novel treat pattern in first-line or
later-line advanced NSCLC treatment (8,9,11,12). But this
choice is based on the evidence of small-size sample phase
I/1I clinical trials, the effectiveness of the combination
therapy should be further confirmed by more well-designed
double-blinded randomized controlled trials. In addition,
the question of the optimal combination pattern and order
of administration, the best candidates, and predictable
bio-markers for combination of PD-1 inhibitor and anti-
angiogenic remain unresolved. Taken together, more

© Translational Lung Cancer Research. All rights reserved.

favorable combinations remain to be investigated.
Recombinant human (rh)-endostatin (Endostar®,
Simcere Biopharmaceutical Co., Ltd., Jiangsu, China)
can inhibit tumor endothelial cell proliferation,
angiogenesis and tumor growth by down-regulating
expression of vascular endothelial growth factors (VEGFs)
and suppressing other important targets like matrix
metalloproteinases (MMPs), hypoxia inducible factor
1 alpha (HIF-1a), basic fibroblast growth factor (bFGF)
(13,14). Therefore, rh-endostatin as a multiple-targets
angiogenesis inhibitor has its own advantages compared
to other anti-angiogenic agents, such as monoclonal
antibodies (mAbs) and tyrosine kinase inhibitors (TKIs).
A phase III trial suggested that rh-endostatin can improve
the effect of the NP (vinorelbine and cisplatin) regimen
with tolerable adverse effects in patients with untreated
advanced NSCLC (15). According to previous results,
rh-endostatin combined with chemotherapy received
approval as a first-line treatment for advanced NSCLC in
China. Moreover, preclinical studies have reported that rh-
endostatin normalizes the tumor vasculature and improves
microenvironment to help carry drug and oxygen to tumor
(16-18). These processes enhancing the antitumor activity
of chemotherapy, as well as having synergistic antitumor
effects with PD-1 blockade (4). Furthermore, compared to
other anti-angiogenic drugs, rh-endostatin has been shown
to have less severe toxic profiles and better compliance
(15,19,20). Especially, its safety and effectiveness in lung
squamous cell carcinomas have been demonstrated (15,20),
where mAbs and TKIs lost approval due to safety concerns.
Based on such data, we considered that the combination
of rh-endostatin and nivolumab is a feasible treatment
for later-line advanced NSCLC therapy, whatever its
pathological type. So, we conducted this trial to assess
the efficacy and safety of nivolumab plus rh-endostatin
continuous intravenous infusion (CIV) as second-line
or later treatment for patients with advanced NSCLC.
We present the following article in accordance with the
TREND reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-22-49/rc).
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Methods
Study design

This pilot study of nivolumab plus rh-endostatin in
previously treated patients with NSCLC was conducted
in The Fifth Affiliated Hospital of Sun Yat-sen University
and the Affiliated Tumor Hospital of Guangxi Medical
University, China from April 2019 to January 2021. The
study protocol was approved by the institutional ethics
committee of The Fifth Affiliated Hospital of Sun Yat-
sen University (No. K08-1), and informed consent was
given by all enrolled patients. This trial was registered
with the Chinese Clinical Trials Registry (Identifier:
ChiCTR1900023664) and conducted in accordance with
Good Clinical Practice guidelines and the Declaration
of Helsinki (as revised in 2013). Regular evaluations of
all patients were performed, which included physical
examination, medical history, laboratory testing,
electrocardiography (ECQG), computed tomography (CT)
of the thorax and abdomen, brain magnetic resonance
imaging or CT, etc. The American Joint Committee on
Cancer (AJCC, 8th edition) staging system was applied to
all patients.

Patient eligibility

Eligible patients were 18-75 years with histologically
proven stage IV NSCLC and an Eastern Cooperative
Oncology Group performance status (ECOG PS) score
of 0-2. Other eligibility criteria included adequate organ
function, lesion evaluable by Response Evaluation Criteria
in Solid Tumors (RECIST) criteria, and disease progression
after at least one prior chemotherapy session alone or with
anti-angiogenesis. Exclusion criteria included previously
received ICI therapy, epithelial growth factor receptor
(EGFR) or anaplastic lymphoma kinase (4LK) targetable
mutations, active hemorrhage or at risk of hemorrhage,
active known or suspected autoimmune disease, serious
complications (uncontrolled infection, uncontrolled
hypertension, respiratory failure, heart failure, hepatic
failure or renal failure), allergic or possibly allergic to
investigational drugs, perinatal females, and patients already
participating in other clinical research.

Treatment

Nivolumab (Opdivo®, Bristol Myers Squibb, USA) was
intravenously administered at a dose of 3 mg/kg of body

© Translational Lung Cancer Research. All rights reserved.

203

weight on day 1 every 2 weeks and rh-endostatin at a dose
of 210 mg CIV for 168 hours with an infusion pump every
4 weeks. Treatment continued until disease progression or
treatment discontinuation for all patients. Other antitumor
treatment was prohibited before disease progression.
Therapy was interrupted when patients experienced Grade
4 toxicity and re-administered if toxicity recovered to
< Grade 2. Patients with intolerable adverse events
(AEs) that delayed or caused discontinuation of one drug
continued treatment with the other drug.

Endpoints and measurements

The primary endpoints were safety and the objective
response rate (ORR), defined as the proportion of patients
with complete response (CR) or partial response (PR).
The secondary endpoints included the disease control
rate (DCR), duration of response (DOR), clinical benefit
response rate (CBR), progression-free survival (PFS),
OS and safety. DCR was calculated as the proportion of
patients with CR, PR and stable disease (SD). DOR was
defined as the time between the date of first documented
CR or PR and the date of first documented progression
or death. CBR was defined as the proportion of patients
with CR or PR or SD at week 24. PFS was defined as the
time from registration to confirmed progressive disease
(PD) or death. OS was defined as the time from patient
enrollment to death. Investigators assessed treatment
response according to RECIST 1.1 every 8 weeks during
the first six cycles and every 2 months thereafter. Tumor
response in the first assessment had to be confirmed by a
subsequent radiographic assessment after >4 weeks. Patients
with PD in the first radiographic assessment were permitted
to continue treatment, revealing that there were evaluated
clinical benefits from continued treatment. After PD, they
would be visited every 8 weeks for survival assessment.
Safety was evaluated throughout the study. AEs including
immune-related AEs (irAEs) were noted and graded per the
U.S. National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE V 4.03) and recorded

from enrollment until disease progression.

Statistical analysis

All patients who received at least one dose of the
investigational drugs were included in the efficacy and
safety analyses. Safety was assessed in the safety analysis set
(SAS). Efficacy was assessed in the full analysis set (FAS) and
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Patients with stage IV NSCLC between April 2019 and January 2021

Excluded
No previous treatment
Previous ICI therapy
Driver mutations (EGFR, ALK)
ECOG 3-4

Y

Y

Eligible patients in this study (n=37)

Excluded (n=3)
No informed consent (n=2)
Violated protocol (n=1)

Y

Y

Enrolled patients in this study (n=34)

Treatment of nivolumab plus recombinant human endostatin

Figure 1 Study flow diagram. NSCLC, non-small-cell lung cancer;
ICL immune checkpoint inhibitor; EGFR, epithelial growth factor
receptor; ALK, anaplastic lymphoma kinase; ECOG, Eastern
Cooperative Oncology Group.

efficacy-evaluable set. All patients who received any dose of
the investigational drugs were defined as the FAS. Subjects
who received any dose of the investigational drugs and at
least one radiographic assessment for efficacy were defined
as the efficacy-evaluable set. Demographics, baseline
characteristics, and tolerability were assessed by descriptive
statistical analyses. Categorical data are described using
numbers and percentages, and continuous variables
are presented as mean + standard deviation or median
(interquartile range). The 95% confidence interval (CI)
for the ORR, DCR, DOR and CBR were calculated using
the Clopper-Pearson method. PFS and OS were estimated
using the Kaplan-Meier method. Subgroups were compared
using Fisher’s exact test for ORR and DCR, and two-sided
log-rank test for PFS and OS. All data analysis was done
with SPSS statistical software for Windows, version 22.0
(SPSS, Chicago, IL, USA).

Results
Patients’ characteristics

Between April 23, 2019 and January 30, 2021, a total of
37 participants were screened for eligibility, but two patients
withdrew their consent and one patient violated protocol
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before initial treatment. Finally, a total of 34 eligible
patients with advanced NSCLC without targetable driver
mutations received at least one dose of nivolumab and rh-
endostatin (Figure ). All patients were previously treated by
chemotherapy with or without anti-angiogenesis agents but
were immunotherapy-naive. Of these patients, the median
age was 60 (range, 37-72) years, 26.5% were ECOG PS
score 2 and 50.0% was current or former smokers. A total of
22 (64.7%) had adenocarcinomas, 8 (23.5%) had squamous
cell carcinomas, and 4 was diagnosed as lymphoepithelioma-
like carcinoma. Among the patients, 29.4% had metastasis
involving more than two organs, including 9 (26.5%) with
liver metastasis and 8 (23.5%) with brain metastasis at
baseline. In addition, 32.4% of patients received >2 prior
systemic therapies and 47.1% of patients had received
anti-angiogenesis treatment previously. The baseline
characteristics of the participants are detailed in Tible 1.

Clinical efficacy

Of the 34 patients, with a median follow-up of 12.2 (range,
2.3-18.1) months in the FAS, 14 (41.2%) had confirmed
PR, 8 (23.5%) had SD, 12 (35.3%) had PD (including three
with unconfirmed PD based on clinical assessment without
radiographic evaluation) (1able 2). In the efficacy-evaluable
population (n=31), the confirmed ORR was 45.2% (14/31;
95% CI: 26.6-63.7%), 22 patients had controlled disease,
with a DCR of 71.0% (22/31; 95% CI: 54.0-87.9%).

Furthermore, 15 achieved CBR, with a CBR rate
of 48.4% (15/31; 95% CI: 29.8-67.0%) (Table 2). The
detailed shrinkage of target lesions in the efficacy-
evaluable population is shown in Figure 2A. In addition,
mean DOR was 6.9 (95% CI: 4.4-9.4) months with
treatment still ongoing in 8 patients at the time of data
extraction (Figure 2B). In terms of ORR, the advantage of
nivolumab plus rh-endostatin combination was observed
in patients with ECOG PS score 0-1 (56.0% vs. 0.0%;
P=0.004). The DCR of nivolumab plus rh-endostatin
treatment was also favorable in the patients with ECOG
PS 0-1 (80.0% vs. 22.2%; P=0.004). However, patients
in subgroups defined by sex, tumor histology, smoking
status, number of prior systemic therapies, liver or brain
metastasis, and prior anti-angiogenesis therapy had
consistent ORR or DCR (Table 3).

Opverall, the median PFS (mPFS) was 6.8 (95% CI:
1.1-12.1) months (Figure 34), median OS (mOS) was 17.1
(95% CI: 6.6-27.6) months, and the 12-month survival
rate was 64.4% (95% CI: 46.2-82.6%) (Figure 3B). In
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Table 1 Baseline characteristics

Characteristic Total (n=34)
Age, years

Median [range] 60 [37-72]
Sex, n (%)

Male 23 (67.6)

Female 11 (32.4)
ECOG PS, n (%)

0-1 25 (73.5)

2 9 (26.5)
Tumor histology, n (%)

Adenocarcinoma 22 (64.7)

Squamous 8 (23.5)

Other 4(11.8)
Smoking status, n (%)

Current or former smoker 17 (50.0)

Never smoker 17 (50.0)
No. of prior systemic therapies, n (%)

1 8 (23.5)

2 15 (44.1)

>2 11 (32.4)
No. of organs with metastasis, n (%)

<2 24 (70.6)

>2 10 (29.4)
Brain metastasis, n (%)

Yes 8 (23.5)

No 26 (76.5)
Liver metastasis, n (%)

Yes 9 (26.5)

No 25 (73.5)
Prior anti-angiogenesis therapy, n (%)

Yes 16 (47.1)

No 18 (52.9)

ECOG PS, Eastern Cooperative Oncology Group performance
status.

the subgroup analyses, there was no significant difference
in the mPFS or mOS between the patients, regardless
of sex, tumor histology, smoking status, number of prior
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treatments and liver metastasis (Table 3). Compared with
ECOG PS 2 patients, ECOG PS 0-1 patients had a longer
mPFS (12.5 vs. 1.7 months; P<0.001) and mOS (17.1 vs.
3.4 months; P<0.001). Similarly, compared with the others,
patients with <2 metastatic organs achieved a longer mPFS
(9.4 vs. 3.3 months; P=0.027) and mOS (17.1 vs. 5.3 months;
P=0.006). The patients without brain metastasis had better
mPFS (7.5 vs. 1.8 months; P=0.037) and mOS (17.1 vs.
5.3 months; P=0.029) than the patients with brain
metastasis. Nevertheless, the patients who never received
anti-angiogenesis therapy had better mPFS (12.5 vs.
2.8 months; P=0.021) yet similar mOS [17.1 months vs. not
reached (NR); P=0.112].

AEs

The median duration of nivolumab plus rh-endostatin
therapy was 4.0 (range, 1-14) cycles. Among all enrolled
patients, 18 (52.9%) experienced at least one treatment-
related AE (TRAE), and Grade 3 TRAEs occurred in 4
(11.8%) of them (Table 4). The most common TRAEs
were hypothyroidism (7, 20.6%), arrhythmia (5, 14.7%),
immune-related pneumonitis (3, 8.8%), proteinuria (3,
8.8%), abnormal hepatic function (2, 5.9%), and increased
blood creatinine (2, 5.9%). The Grade 3 TRAEs comprised
immune-related pneumonitis (2, 5.9%), atrial fibrillation
(1, 2.9%), and catheter-related infection (1, 2.9%). Three
patients (3, 8.8%) discontinued treatment because of
immune-related pneumonitis or catheter-related infection,
and one patient delayed treatment for atrial fibrillation. No
unexpected AEs were observed.

Discussion

In this phase II study, we evaluated the combination of
nivolumab plus rh-endostatin as second-line or later
treatment in patients with advanced NSCLC without
sensitive mutations. This exploratory trial demonstrated
that this combined regimen had promising efficacy and
favorable tolerability.

PD-1/PD-L1 blockade immunotherapy has recently
been defined as the new standard second-line treatment
for advanced NSCLC according to the results from a
series of important randomized controlled clinical trials
(1,2,21-23). Currently, pembrolizumab, nivolumab, and
atezolizumab have been approved for second-line treatment
by the U.S. FDA based on longer OS benefit in advanced
NSCLC patients. Of these, nivolumab is the only approved
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Table 2 Best overall tumor response of investigator-evaluation
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Outcome

All patients (n=34)

Efficacy-evaluable patients (n=31)

Median follow-up (range), months

Best overall response, n (%)

12.2 (2.3-18.1) -

CR 0(0.0)

PR 14 (41.2) 14 (45.2)
SD 8 (23.5) 8 (25.8)
PD 12 (35.3) 9 (29.0)

ORR, % (95% Cl)
DCR, % (95% Cl)
CBR, % (95% ClI)
DOR, months (95% ClI)

41.2 (23.7-58.6)

64.7 (47.8-81.6)

441 (26.5-61.7)
6.9 (4.4-9.4)

45.2 (26.6-63.7)

71.0 (54.0-87.9)

48.4 (29.8-67.0)
6.9 (4.4-9.4)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; Cl, confidence
interval; DCR, disease control rate; CBR, clinical benefit response rate; DOR, duration of response.

immunotherapy drug for this patient population in China.
Results from several preclinical trials suggest that anti-
angiogenesis could enhance the antitumor effects of ICIs
by normalizing the tumor vasculature and improving tumor
immune microenvironment (3-6). Presently, numerous
clinical trials have focused on the combination of anti-
angiogenic agents and ICIs to investigate the efficacy in
gastric cancer, gastroesophageal junction adenocarcinoma,
hepatocellular carcinoma, and renal cell cancer, as well as
NSCLC (24). In particular, the synergy of PD-1 blockade
and rh-endostatin has been verified in a lung cancer mouse
model (4,17,25). Clearly, the exploratory study of nivolumab
plus rh-endostatin in advanced NSCLC is based on the
large amount of preclinical evidence.

In the current clinical study, despite the baseline clinical
features of poor ECOG PS, multiple organ metastasis, and
heavily pretreated enrolled patients, the ORR, DCR, and
survival of the patients given nivolumab plus rh-endostatin
were satisfactory. Notably, the addition of rh-endostatin to
nivolumab increased the ORR to 41.2% and the DCR to
64.7%, better than the ORR (16.6-20.0%) and the DCR
(44.0-52.4%) of nivolumab alone in the CheckMate 017,
CheckMate 057, and CheckMate 078 trials (1,2,21). Although
cross-study comparison can be controversial, the other efficacy
endpoints, including mPFS and mOS, of the combination
therapy in this study also seem to be more favorable than
nivolumab monotherapy in the above three trials (mPFS:
6.8 vs. 2.3-3.5 months and mOS: 17.1 vs. 9.2-12.2 months)
(1,2,21). Moreover, the 12-month survival rate with nivolumab
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plus rh-endostatin was also higher than for nivolumab alone
(64.4% wvs. 42-50%) (1,2,21). Additionally, compared to
other ICI monotherapy trials, including the OAK trial (22)
and KEYNOTE-010 (23), a higher ORR, DCR and better
survival were also noted in this trial. Certainly, the advantage
of nivolumab and rh-endostatin combination therapy
compared to nivolumab monotherapy as second-line treatment
of advanced NSCLC warrants further confirmation by a
randomized controlled phase III clinical study.

Recently, the clinical benefits of combining anti-
angiogenesis with ICIs in first-line or later treatment have
emerged in several clinical trials of lung cancer (8-12).
A phase Ib trial reported that sintilimab plus anlotinib
exhibited a highly superior ORR (72.7%) and DCR (100%)
as first-line treatment in advanced NSCLC (8), making
chemotherapy-free management possible in this patient
population. In term of previously treated NSCLC patients
with ECOG PS of 0-1, the combination of ramucirumab
and pembrolizumab in the JVDF study, which included
27 patients, exhibited an ORR of 30%, DCR of 85%
and a 12-month OS rate of 68% (9). Consistent with
those results, similarly high ORR, DCR and survival rate
were also observed in two phase Ib/II trials with low-
dose apatinib plus camrelizumab (11) or lenvatinib plus
pembrolizumab (12). The efficacy results in the above trials
were numerically similar to those of the overall population
in our study. But in this trial, the proportions of patients
with ECOG PS of 2 (26.5%), liver metastasis (26.5%),
brain metastasis (23.5%), and prior anti-angiogenesis

Transl Lung Cancer Res 2022;11(2):201-212 | https://dx.doi.org/10.21037/tler-22-49
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Figure 2 Investigator-assessed efficacy of nivolumab combined with rh-endostatin. (A) Best responses in efficacy-evaluable patients (n=31). (B)

Duration of treatment in patients with objective response (n=22). PR, partial response; SD, stable disease; PD, progressive disease.

therapy (47.1%) were higher than in the other trials. In our
subgroup analysis of ECOG PS 0-1, which included 25
patients, the ORR was 56.0% (14/25), the DCR was 80.0%
(20/25) (1able 3). The efficacy endpoints in ECOG PS 0-1
patients were better than for ICIs plus anti-angiogenesis

© Translational Lung Cancer Research. All rights reserved.

agents in previous studies (9,11,12). ECOG PS 2 and liver
metastasis showed a poor response to immunotherapy,
which was similar to other studies (10,23,26). It is
noteworthy that prior anti-angiogenesis therapy may have
affected the tumor response and mPFS of nivolumab plus
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Table 3 ORR, PFS and OS in all subgroup analyses in FAS
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ORR DCR mPFS mOS
Subgroup [n]
N (%) F value N (%) F value Months, 95% Cl Pvalue  Months, 95% CI P value
Sex 0.983 0.138 0.272 0.936
Male [23] 10 (43.5) 17 (73.9) 9.4 (1.9-16.9) 17.1 (4.4-29.8)
Female [11] 4 (36.4) 5 (45.5) 3.4 (0.0-7.7) NR
ECOG PS 0.004* 0.004* <0.001* <0.001*
0-1[25] 14 (56.0) 20 (80.0) 12.5 (7.8-17.2) 17.1 (6.7-27.5)
2[9] 0(0.0) 2(22.2) 1.7 (1.0-2.4) 3.4 (1.9-4.9)
Tumor histology 0.776 0.869 0.618 0.361
Adenocarcinoma [22] 9 (40.9) 15 (68.2) 6.8 (2.4-11.3) NR
Squamous [8] 4 (50.0) 5 (62.5) 15.3 (NR-NR) 17.1 (NR-NR)
Other [4] 1 (25.0) 2 (50.0) 2.8 (1.6-4.0) NR
Smoking status 0.728 0.282 0.249 0.573
Smoked [17] 6 (35.3) 9 (52.9) 5.5 (0.9-10.0) NR
Never smoked [17] 8 (47.1) 13 (76.5) 9.4 (4.1-14.7) 17.1 (4.3-29.9)
No. of prior systemic therapies 0.983 0.459 0.303 0.593
1-2 [23] 10 (43.5) 16 (69.6) 9.4 (2.8-15.9) 17.1 (6.5-27.7)
>2 [11] 4 (36.4) 6 (54.5) 4.0 (2.2-5.9) NR
No. of organs with metastasis 0.295 0.459 0.027* 0.006"
<2 [24] 11 (47.8) 16 (69.6) 9.4 (3.9-14.8) 17.1 (6.6-27.5)
>2 [10] 3(27.3) 6 (54.5) 3.3 (1.2-5.3) 5.3 (4.6-6.0)
Brain metastasis 0.422 0.098 0.037* 0.029*
Yes [8] 2 (25.0) 3(37.5) 1.8 (0.1-3.6) 5.3 (1.6-9.0)
No [26] 12 (46.2) 19 (73.1) 7.5(2.2-12.8) 17.1 (6.6-27.6)
Liver metastasis 0.467 0.271 0.420 0.068
Yes [9] 3(33.3) 5 (50.0) 3.3 (1.9-4.6) 8.2 (1.1-15.3)
No [25] 11 (44.0) 17 (70.8) 9.3 (5.1-13.5) NR
Prior anti-angiogenesis therapy 0.315 0.087 0.021* 0.112
Yes [16] 5(31.3) 7 (43.8) 2.8 (0.4-5.2) 17.1 (4.5-29.7)
No [18] 9 (50.0) 15 (75.0) 12.5 (8.4-16.6) NR

*, represent P values with significant difference. ORR, objective response rate; PFS, progression-free survival; OS, overall survival; FAS,
full analysis set; DCR, disease control rate; mPFS, median PFS; mOS, median OS; ECOG PS, Eastern Cooperative Oncology Group
performance status; NR, not reached.

rh-endostatin, but not the mOS.

Undoubtedly, anti-angiogenic agents increased the risk of

hypertension, cardiovascular events, proteinuria, and arterial

thromboembolism (27,28). Meanwhile, hypothyroidism,

© Translational Lung Cancer Research. All rights reserved.

pneumonitis, arthralgia and skin irAEs are more common
with PD-1 mAbs (1,2,21). Theoretically, the degrees and

frequencies of the two above-mentioned toxicities may

be increased accordingly. According to previous studies,
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Figure 3 Kaplan-Meier graph for survival in all patients. (A) PFS in all patients. (B) OS in all patients. PFS, progression-free survival; OS,

overall survival; CI, confidence interval.

Table 4 TRAEs in SAS
All patients, n (%)
AEs
Any grade Grade 1-2 Grade 3-5

Hypothyroidism 7 (20.6) 7 (20.6) 0(0.0)
Arrhythmia 5(14.7) 4(11.8) 1(2.9)

Atrial premature beats 2 (5.9) 2 (5.9) 0 (0.0)

Atrioventricular block 2 (5.9 2 (5.9 0(0.0)

Atrial fibrillation 1(2.9) 0(0.0) 1(2.9)
Immune-related pneumonitis 3(8.8) 1(2.9 2(5.9)
Abnormal hepatic function 2 (5.9) 2 (5.9) 0(0.0)
Blood creatinine increased 2 (5.9) 2 (5.9) 0 (0.0)
Proteinuria 3(8.8) 3(8.8) 0(0.0)
Fatigue 2 (5.9 2 (5.9 0(0.0)
Hyperglycemia 2 (5.9) 2 (5.9) 0(0.0)
Creatine kinase 2(5.9 2 (5.9) 0 (0.0)
Hypertension 2(5.9) 2(5.9) 0(0.0)
Rash 1(2.9) 1(2.9) 0(0.0)
Left ventricular ejection fraction decreased 1.9 1.9 0(0.0)
Catheter-related infection 1(2.9) 0(0.0) 1(2.9)
Any AE 18 (52.9) 14 (41.1) 4(11.8)

TRAE, treatment-related adverse event; SAS, safety analysis set; AE, adverse event.

© Translational Lung Cancer Research. All rights reserved.
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both types of therapy will result in an increased risk of
toxicities simultaneously or respectively (8,9,11). In current
study, there were no new or unexpected safety signal and
tolerability issues with the combination of nivolumab and rh-
endostatin. Neither Grade 4 TRAEs nor treatment-related
deaths occurred. Grade 3-5 TRAEs occurred in 11.4% of
patients, but their incidence has been approximately 60%
in other studies of ICIs plus anti-angiogenesis (8,9,11,12).
The incidences of any grade and Grade 3 immune-related
pneumonitis were respectively 8.8% (3/34) and 5.9% (2/34),
which was higher than those reported for nivolumab alone
(1,2,21,29). Grade 1-2 hypothyroidism occurred in 20.6%
of the patients in this study, which was comparable to
previous studies (8,9,11,12). Another predominant TRAE
was arrhythmia (14.7%): Grade 1-2 was 11.8% and Grade
3 was 2.9%. The incidence of arrhythmia was similar
to that for rh-endostatin combined with chemotherapy
(15,19,20,30,31). CIV of rh-endostatin is a novel method
of administration that had similar efficacy and safety but
was more convenient than the traditional intermittent
intravenous infusion method (19,32); however, it may
increase the risk of catheter-related infection: 8.8% (3/34) of
patients discontinued treatment because of immune-related
pneumonitis or catheter-related infection.

The limitations in the current study cannot be neglected.
First, the study was an open-label, single-arm study with
limited sample size, which might result in bias without
a nivolumab monotherapy control arm. Therefore, a
randomized, nivolumab-controlled clinical trial with bigger
sample size will be carried out for further verification of
our findings in the future. Second, the PD-1 expression
assay, VEGF, tumor mutational burden (TMB) or other
biomarkers were not validated for exploratory analysis of
efficacy. Third, the results cannot be generalized because of
the heterogeneity of the study population.

Conclusions

In short, this study revealed that nivolumab combined with
rh-endostatin as second-line or later treatment showed
promising efficacy and favorable tolerability in pretreated
advanced NSCLC patients.
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