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Abstract
Background: To evaluate the role and safety of endostar in cervical cancer by comparing the efficacy and adverse reaotio&
endostar combined with concurrent chemoradiotherapy in patients with locally advanced cervical carcinoma.

Methods: The quality of the included literature was evaluated by searching the database for the comparison of endostar
combined with concurrent radiotherapy and chemotherapy in cervical cancer patients; objective response rate (ORR) and disease
control rate (DCR) were used as the main outcome indicators, and statistical analysis was performed using RevMan5.3 and
State15.3 software.

Results: A total of 13 studies were included in this study, including 1057 patients with locally advanced cervical cancer,
suggesting that endostar combined with chemoradiotherapy can significantly improve the objective response rate (ORR: odds
ratio 3.88, 95% confidence interval 2.77-5.45, P < .00001) and disease control rate (DCR: odds ratio 4.43, 95% confidence
interval 2.78-7.04; P < .00001), and there was no significant increase in treatment-related adverse reactions.

Conclusions: In this meta-analysis, endostar combined with concurrent chemoradiotherapy significantly improved ORR and
DCR in patients with locally advanced cervical cancer without increasing toxicity. However, this study only analyzed the short-
term efficacy of endostar, and its influence on overall survival and progression-free survival needs to be further verified in large
randomized controlled trials with long-term follow-up.

Abbreviations: CCRT = concurrent chemoradiotherapy, CR = complete response, Cl = confidence interval, DCR = disease

control rate, NOS = Newcastle-Ottawa Scale, NRCT = non randomized controlled trial, ORR = objective response rate, PDGF =
platelet-derived growth factor, PFS = progression-free survival, PRISMA = priority report item for systematic review and meta-

analysis, RCT = randomized controlled trial, VEGF = vascular endothelial growth factor.
Keywords: antivascular targeted therapy, cervical cancer, curative effect, endostar, meta analysis

1. Introduction

Cervical cancer is the fourth leading cause of cancer-related
deaths among women in the world.l" In 2020, there were
approximately 604,000 new cases and 342,000 deaths world-
wide, among which 48.6% of new cases and 55.5% of deaths
occurred in Asia, posing a serious threat to women’s health.?!
In recent years, with the widespread application of cervical
cytology screening and inoculation with human papillomavi-
rus vaccine, cervical cancer and precancerous lesions can be
detected and treated early, resulting in a yearly decline in the
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prevalence of cervical cancer.’! Unfortunately, due to limited
economic and health conditions, similar improvements have
not been made in developing countries, where 87% of cervi-
cal cancer-related deaths still occur. The pathological types
of cervical cancer mainly include squamous cell carcinoma,
adenocarcinoma, adenosquamous carcinoma, and other rare
types, and squamous cell carcinoma accounts for about 80%
of them.P! In the treatment of early cervical cancer, radical sur-
gery plus other adjuvant therapies can significantly relieve the
patient’s condition, or even achieve complete remission (CR).[
According to the statistics, the 5-year survival rate of patients
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with early cervical squamous cell carcinoma is 75%. For
patients with locally advanced cervical cancer (stage I[IB-1V),
concurrent chemoradiotherapy (CCRT) plus brachytherapy is
still the standard treatment in the globally and China.””’ The
disease control rate (DCR) of patients with locally advanced
cervical cancer is significantly lower than early stage cervical
cancer, and there is a higher risk of recurrence and metastasis,
so the treatment of locally advanced cervical cancer still needs
to be further explored.

It is found that tumor angiogenesis is closely related to
tumor genesis, development, invasion, and metastasis. Be dif-
ferent from normal angiogenesis, tumor angiogenesis is an
uncontrolled process. Since the needs of rapid tumor cell pro-
liferation surpass the capacity of host vasculature, hypoxia
and low supplies of nutrients characterize early stages of
tumor development.!®! Hypoxia triggers the expression of
pro-angiogenic factors such as vascular endothelial growth
factor (VEGF) and platelet-derived growth factor (PDGF),
which promotes tumor angiogenesis.l”’ Therefore, targeted
communication between tumor cells and adjacent vascula-
ture is the basis of antitumor angiogenesis therapy. Multiple
studies have demonstrated that the use of anti-VEGF targeted
drugs in solid tumors can significantly prolong the overall sur-
vival. Thus, VEGF has become 1 of the ideal targets for tumor
therapy.!'” Based on this, antivascular targeting drugs such as
bevacizumab came into being.

Bevacizumab, a recombinant humanized monoclonal anti-
body against VEGE, has been used to treat patients with
advanced cervical cancer in recent years.'!! It inhibits bio-
logical activity by competitively binding with VEGEF, inhib-
ited endothelial cell proliferation and neovascularization,
promoted vascular normalization, increased the intratumor
infiltration through VEGF/VEGFR2 pathway, so as to achieve
antitumor effect. However, many studies have shown that bev-
acizumab has a variety of side effects and strict indications
for clinical use, thus limiting its wide clinical application."?In
contrast, recombinant human endostatin (endostar), as an
emerging anti-VEGF targeted tumor angiogenesis drug inde-
pendently developed in China, has shown good application
prospects in lung cancer, melanoma, nasopharyngeal cancer,
and gastric cancer.!?!

Compared with bevacizumab, endostar has higher stabil-
ity and longer half-life period, and can inhibit tumor vascular
growth through multiple targets. In addition, endostar can help
normalize tumor vascular network, improve hypoxia microen-
vironment, and enhance the effect of antitumor therapy.'*! A
randomized controlled trial (RCT) study found that endostar
showed good efficacy in patients with locally advanced cervical
squamous cell carcinoma.!’’! However, the efficacy and safety
of endostar combined with CCRT in patients with locally
advanced cervical cancer have not been systematically eval-
uated. Therefore, this study aims to compare the efficacy and
safety of endostar combined with CCRT versus chemoradio-
therapy alone in locally advanced cervical cancer through sys-
tematic review and meta-analysis, and provide theoretical basis
for the treatment of locally advanced cervical cancer patients.

2. Methods
2.1. Registration

This study has been developed in strict accordance with the
priority report item for systematic review and meta-analysis
(PRISMA) criteria and has been registered with PROSPERO at
CRD42021275316.

2.2. Search strategy

This study performs the search strategy and selection process
according to PRISMA criteria. PubMed, Medline, Web of Science,
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EMBASE, Cochrane Library, CNKI, Wanfang, VIP, and other
databases were searched by entering keywords into the system.
This meta-analysis includes RCT, nonrandomized controlled
study (NRCT), and cohort study with a publication deadline of
September 26, 2021; Chinese key words are “locally advanced,”
“cervical cancer,” “endostar,” “endostar” or “recombinant human
endostar,” “concurrent chemoradiotherapy” or “chemoradiother-
apy”; The English keywords are “cervical cancer” or “cervical
carcinoma” and “endostar,” “endostar” or “recombinant human
endostatin injection” and “concurrent” Chemoradiotherapy “or”
chemoradiotherapy. In addition, we reviewed other relevant stud-
ies and literatures to find more potential articles.

2.3. Study selection

2.3.1. Eligibility criteria. Inclusion criteria: All patients were
histopathologically diagnosed as locally advanced cervical
cancer; The study design was RCT, NRCT, or cohort study;
The purpose of the study was to compare the efficacy and
safety of endostar combined with CCRT; and All patients
with cervical cancer were treated for the first time; and Study
outcome indicators should include at least the following 3 types:
Objective response rate (ORR); DCR; and Adverse events.

Exclusion criteria: Studies with design defects and poor qual-
ity; Insufficient survival data; Research not based on humans;
Studies on patients with various organ dysfunction; and Single-
arm clinical studies, case-control studies, reviews, case reports,
meta-analysis, and duplicate data.

2.4. Data extraction

The 2 researchers conducted literature screening and data
extraction in strict accordance with inclusion and exclusion cri-
teria. When there arose any disagreement, we consulted with the
third reviewer to reach a consensus. We extracted the follow-
ing information from each study: general information (includ-
ing first author name, publication year, study time, and region),
patient pathology type, clinical stage, number of patients in
experimental and control groups, concurrent chemotherapy
regimen and radiotherapy dose, treatment-related side effects,
and clinical outcomes.

2.5. Assessment of methodological quality

For the included RCTs, the quality of the included studies was
assessed using the Cochrane Systematic Evaluation Manual 5.3,
which included 7 aspects: randomized controlled studies, alloca-
tion concealment, blinding of participants and researchers, blinding
of outcome evaluation, completeness of outcome data, selective
reporting, and other biases. Based on the evaluation results, the
included literature was classified as “high risk,” “low risk,” and
“unknown,” and the possibility of various biases was minimized
if the above criteria were fully satisfied. If the above-mentioned
criteria were fully satisfied, the possibility of bias was minimal and
the grade was A. If the above-mentioned criteria were partially
satisfied, the possibility of bias was moderate and the grade was B.
If the above-mentioned criteria were not satisfied, the possibility of
bias was high and the grade was C.

The quality of the included NRCT trials and cohort studies
was evaluated using the Cohort Study Newcastle-Ottawa Scale
(NOS) scale, which included: (1) study population: representa-
tiveness of the exposed group (1 point), representativeness of
the nonexposed group (1 point), determination of exposure
factors (1 point), and determination of outcome indicators not
yet to be observed at the start of the study (1 point); (2) com-
parability between groups: comparability between exposed and
nonexposed groups was considered in the design and statistical
analysis (2 points); and (3) outcome measures: adequacy of the
study for outcome evaluation (1 point), adequacy of follow-up
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time (1 point), adequacy of follow-up in exposed and nonex-
posed groups (1 point), total 9 points, 1-3 for low quality, 4-6
for moderate quality, and 7-9 for high quality.

2.6. Statistical method

Revman 5.3 and State 15.3 software were used to analyze the
collected data. For dichotomous variables such as ORR and
DCR, and the incidence of adverse reactions, odds ratio (OR),
and its 95% confidence interval (CI) were used as effect anal-
ysis statistics, while for continuous variables, mean difference
and its 95% CI were used as effect analysis statistics. P < .05
was considered statistically significant, and a = 0.05 was the test
level. I > 50% indicates significant heterogeneity. The random
effect model is adopted, and the source of heterogeneity needs
to be further determined by subgroup analysis; otherwise, the
fixed effect model is adopted. In addition, State15.3 software
was used for sensitivity analysis of included studies to determine
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the impact of each study on meta-analysis results, and publica-
tion bias was evaluated by funnel plot and Begg and Egger tests.

3. Results

3.1. Study selection

According to the above retrieval strategy, a total of 236 studies
were related to the efficacy and safety of endostar combined
CCRT in cervical cancer. Firstly, 152 duplicated literatures were
excluded. Secondly, through reading titles and abstracts, 52
articles were excluded because that did not satisfy the inclu-
sion criteria, such as reviews, case reports, animal experiments,
and meta-analysis. Then, 19 literatures with incomplete survival
data and low quality were further excluded after reading full
text. Finally, 13 studies (a total of 1057 patients with cervical
cancer) were included in our study, including 7 RCTS, 4 NRCT,
and 2 cohort studies (Fig. 1). The above studies all researched
that the efficacy and safety of endostar combined with CCRT vs

[ Identification of studies via databases and registers J
S
Records identified from PubMed, Records removed before
S Medline, Web of Science, screening:
§ EMBASE, Cochrane Library, Duplicate records removed
§ CNKI, Wanfang, VIP and other [———|  (n=152)
§ databases: Records marked as ineligible
Databases (n =236 ) by automation tools (n =25)
—_
—_— Records screened Records excluded
(n =59) reviews,abstracts case
reports.meta analvsis and animal
Reports sought for retrieval Records excluded endpoints was
—>
g (n=47) not relevant to our study (n = 15)
s
(]
: }
7]
(7]
Reports assessed for eligibility
—_—
(n= 32) Reports excluded:
Insufficient data (n = 13)
Repetitive patients (n = 6)
—
b RCT(n=7)
3 NRCT(n=4)
o
£ Cohort Study(n=2)

Figure 1. Flow diagram of literature search and selection.
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CCRT alone in local advanced cervical cancer. Partial response
(PR), complete response (CR), stable disease (SD), progressive
disease (PD), ORR, DCR, and adverse events were reported in
all included studies. Progression-free survival (PFS) was reported
in 1 RCT study, 1 NRCT study, and 1 cohort study. But due to
different experimental methods, the influence on PFS cannot be
compared. The basic characteristics of the included studies are
shown in Table 1.

3.2. Baseline characteristics

Among the 7 RCT studies included, 1 study used computer-gen-
erated random number classification and had a low risk of bias.
The other 6 studies only described “randomized” and did not
describe specific methods, so it was impossible to judge the risk
of bias. One study mentioned that the random sequence was
hidden and the risk of bias was low. The rest of 6 studies did
not mention random sequence hiding, so the risk of bias could
not be judged. One study mentioned blindness and its specific
implementation methods, and the risk of bias was low. But the
remaining studies did not mention blindness, and the possibility
of blindness was low, so there was the high risk of bias in these
studies. ORR, DCR, and adverse reactions were recorded in all
included studies, and there was no statistically significant differ-
ence in baseline data, thus there was no selective reporting bias
or other bias. Therefore, the results of the quality evaluation of
the included RCT studies showed that, 1 was grade A and the
rest were grade B (Fig. 2A). The NOS scores of 4 NRCT studies
and 2 cohort studies were all >3, indicating moderate quality

studies (Table 2).

3.3. Results of meta-analysis

3.3.1. Objective response rate. The 13 included studies
recorded ORR values, and the unrecorded ones were calculated
by (CR + PR)/total number of cases x 100%. The above
data were meta-analyzed by Revman3.3 software. The result
showed that endostar combined with CCRT significantly
increased ORR (OR 3.88, 95% CI 2.77-5.45; Heterogeneity
test: I = 0%, P < .00001, fixed effect model), no heterogeneity
between these studies. The results of our studies suggested that
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the ORR of the experimental group was higher than that in
control group. We further conducted subgroup analysis of the
included literature based on the types of trials, and the results
were consistent with the previous results. In other words,
endostar combined with CCRT can significantly improve
patients’ ORR compared with CCRT alone no matter the test
method (RCT: P < .00001, NRCT: P = .0001, Cohort study:
P < .00001), the difference was statistically significant. The
specific results are shown in Figure 3.

3.3.2. Disease control rate. DCR were recorded in all 13
included studies, and the unrecorded ones were calculated by
(CR + PR + SD)/total number of cases x 100%. The above data
were meta-analyzed by Revman$.3 software, too. Meta-analysis
showed that endostar combined with CCRT significantly
increased the DCR (OR 4.43, 95% CI 2.78-7.04; Heterogeneity
test: I = 0%, P < .00001, fixed effect model), no heterogeneity
between these studies. We further conducted a subgroup
analysis of the included studies based on the different test
method, and the results showed that endostar combined with
CCTR in RCT, NRCT, and cohort studies could significantly
improve patients’ DCR (RCT: P =.002, NRCT: P = .006, cohort
study: P < .00001), the difference was statistically significant.
The results are shown in Figure 4.

3.4. Adverse reactions

The National Cancer Institute Toxicity Criteria 4.0 were used
to assess the adverse reactions of antitumor treatment. Table 3
shows the safety outcomes between endostar combined CCRT
and CCRT alone. We summarized adverse reactions caused by
endostar combination therapy according to the type of trial.
The results showed that endostar combined CCRT could reduce
the probability of neutropenia in RCT (OR = 0.36, 95% CI:
0.15-0.85, P < .05), but can increase incidence rate of hyper-
tension (OR = 10.80, 95% CI: 1.25-93.44, P < .05). In the
NRCT group, endostar combined CCRT did not increase the
treatment-related adverse reactions of patients compared with
the CCRT group, and the differences were not statistically sig-
nificant. In cohort studies, endostar combined CCRT increased
the probability of diarrhea and radiation proctitis (P < .05),

Intervention characteristics of included studies.

Histological type (observation/

control Regimen
Hospitalization ) Clinical N (observation/ 9
Study/ID time Type Squamous Adeno Adenosquamous stage control) Observation Control
Luetall®  2017.01-2020.01  RCT 66/32 12/6 0 [B2—IVA  78/38 E + CCRT (cisplatin, qw) ~ CCRT (cisplatin, qw)
Chenand  2016.02-2018.02 NRCT  49/46 1110 0 IIB-IVA  60/56 E + CCRT (TP) CCRT(TP)
FU[17]
Dilietal'™™ 2015.01-2017.05 Cohort ~ 54/58 24/28 0 IIB-IVA  78/86 E + CCRT (DDP, qw) CCRT (DDP, qw)
study
Tangl'9 2017.07-2018.11  NRCT  27/27 3/3 0 IIB-IVA  30/30 E + CCRT (DDP, qw) CCRT (DDP, qw)
Xuetal®  2014.02-2016.05 RCT 26/28 6/6 0 IIB-IVA  32/34 E + CCRT (DDP, qw) + CCRT (DDP, qw) + thermo-
thermotherapy therapy
Fanetal?" 2013.02-2014.02 RCT 20/21 8/7 0 IIB-IVA  28/28 E + CCRT (DDP, qw) CCRT (DDP, qw)
Luo®d 2011.01-2014.01  RCT 20/22 13/11 0 IIB-IVA  33/33 E + CCRT (liposome, qw)  CCRT (liposome, qw)
Liuetal®™  2007.01-2008.12 NRCT  25/25 0 0 [llbulky  25/25 E + CCRT (DDP, qw) + CCRT (DDP, qw) + SC (TP)
SC (TP)
Keetal®®  2009.10-2010.1 RCT 18/19 8/7 0 IIB-IVA  26/26 E + CCRT (DDP, qw) CCRT (DDP, qw)
Shuetal™ 2019.06-2020.12 RCT 48/43 0 0 IB3-IVA  48/43 E + CCRT (TP) CCRT (TP)
Zhao et Unknown RCT 15/15 5/5 5/5 IB-IvV  25/25 E + CCRT (DDP qw + Hu  CC (DDP qw + Hu po hid)
sl po hid)
Zhang®  2010.2-2013.6 Cohort ~ 49/40 8/6 0 IB-IVA  57/46 E -+ CCRT (DDP, qw) CC (DDP, qw)
study
Lilen 2017.1-2020.2 NRCT 28/27 8/7 0 BB 36/34 E + CCRT (DDP, qw) CC (DDP, qw)

CCRT = concurrent chemoradiotherapy, DDP = cisplatin, E + CCRT = endostar + concurrent chemoradiotherapy, NRCT = nonrandomized controlled trial, RCT = randomized controlled trial, TP = triptolide.
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Figure 2. Quality assessment for RCT based on the Cochrane Systematic Review Manual 5.3. RCT = randomized controlled trial.
Table 2
Risk assessment of non-RCT study bias.
Dili et al"® Zhang®® Chen and Ful™ Tang™ Liu et al® Li21
Representativeness of the exposed cohort 1 1 1 1 1 1
Selection of the nonexposed cohort 1 1 1 1 1 1
Ascertainment of exposure 1 1 1 1 1 1
Demonstration that outcome of interest was not present at start of study 0 0 1 1 1 1
Comparability of cohorts on the basis of the design or analysis 1 1 1 1 1 1
Assessment of outcome 0 0 0 0 0 0
Was follow-up long enough for outcomes to occur 1 1 0 0 1 0
Adequacy of follow-up of cohorts 1 1 0 0 1 0
Total 6 6 5 5 7 5

RCT = randomized controlled trial.

but only 1 study reported these adverse effects. However, all the
above-mentioned adverse reactions can be completely improved
after active intervention. Among them, hypertension is the most
recognized adverse reaction of endostar, which needs to pay
attention in the treatment process. At present, there were no
serious adverse reactions caused by endostar combined CCRT
in patients with locally advanced cervical cancer.

3.5. Sensitivity analysis and publication bias

Sensitivity analysis found there was no significant change in size
or direction after analyzed studies excluded one by one, suggest-
ing that there’s no significant heterogeneity among these studies,
and the stability of the study was acceptable (Fig. 5). In view of

publication bias, the enhanced funnel plot in State 15.3 software
was used to qualitatively analyzed the included studies, and the
results of enhanced funnel plot showed that the distribution of
studies was relatively symmetric (Fig. 6A). To clarify publication
bias in further step, Begg test (P = .855) and Egger test (P = .280)
were used to further quantitatively analyze the included studies.
The P values were all above .05, suggesting that there was no
significant publication bias among these studies (Fig. 6B).

4. Discussion

CCRT is an internationally accepted treatment for locally
advanced cervical cancer. Because of the malignant tumor cell
proliferation, the tumor will grow rapidly in a short period of
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1RCT
Fanetal 2017 27 28 21 28 2.1% 9.00 [1.03, 78.94]
Ke etal 2012 25 26 20 26 2.2% 7.50 [0.83, 67.49] &
Lu 2021 75 76 35 37 1.7% 4.29 [0.38, 48.86] —
Luo etal, 2016 22 33 12 33 11.3% 3.50[1.27, 0.64] —_—
Shu etal 2021 45 48 39 a3 7.3% 1.54[0.32, 7.30] B —
Xuetal 2018 2B 32 21 34 7.2% 4.33[1.23,15.21] —_—
Zhao etal 2012 21 25 13 25 5.9% 4.B5 [1.29, 18.25] ——
Subtotal (95% CI) 268 226 37.6% 4.07 [2.34, 7.06] L =
Total events 243 161
Heterogenehy: ChE = 2.47, df = & (P = 0.87); F = 0X
Test for overall effect: Z = 4.98 (P < 0.00001)
3.1.2 NRCT
Chen etal 2020 58 60 47 56 H.1X 2.68 [0.78, 9.28] i
U 2021 27 36 11 34 B.OX &.27[2.21,17.78]
Liu etal 2013 23 25 20 25 45X 2.BB [0.50, 16.46] —t =
Tang etal 2019 28 30 26 30  4.9% 2.15[0.36, 12.76] —1
Subtotal (95% CI) 151 145 26.5% 3.70 [1.89, 7.22] <
Total events 134 104
Heterogenehy: Chi = 1.68, df = 3 (P = 0.64); F = 0X
Test for overall effect: Z = 3.83 (P = 0.0001)
3.1.3 Cohort study
Dietal 2020 52 78 30 B6 26.8% 3.73 [1.96, 7.13] —=
Zhang et al 2017 52 57 33 46 0.0% 4.10[1.34, 12.55] Y
Subtotal (95% CI) 135 132 35.9% 3.82 [2.18, 6.70] <P
Total events 104 &3
Heterogenehy: ChP = 0.02, df = 1 (P = 0.88); F = 0X
Test for overall effect: Z = 4.70 (P < 0.00001)
Total (95% CI) 554 503 100.0% 3.88 [2.77, 5.45] &
Total events 481 328
Heterogenehy: ChE = 4,18, df = 12 (P = 0.98); F = 0% b 002 o:1 3 1:0 }

Test for overall effect Z = 7.84 (P < 0.00001)

Test for subgroup differences: Chi¥ = 0.05, df = 2 (P = .98}, F = X

Favours [experimental] Favours [control]

Figure 3. Forest plot of ORR for CCRT + endostar versus CCRT with different study designs. CCRT = concurrent chemoradiotherapy, ORR = objective

response rate.

time, and the growth of blood supply vessels is relatively lag-
ging, which further leads to ischemia and hypoxia of tumor tis-
sues and cells, thus reducing the lower radiation sensitivity.?®!
The study of Gray et al®’! showed that there was a certain cor-
relation between partial pressure of oxygen and radiation sensi-
tivity in tumor tissue, that is, radiotherapy sensitivity increased
with partial pressure of oxygen, and when the oxygen partial
pressure goes up higher, the tumor tissues will be more sensi-
tive to radiotherapy. Many studies have also shown that oxygen
partial pressure mainly depends on the perfusion function of
blood vessels, and a key marker of malignant tumors is con-
tinuous abnormal angiogenesis. Abnormal neovascularization
not only promotes the occurrence and development of invasive
tumors, but also constructs abnormal tumor microenviron-
ment.B% Secondly, hypoxia can induce the expression of mul-
tidrug resistence-1 (MDR-1), increase the resistance of tumor
cells to chemotherapy drugs, change the cycle of tumor cells,
and make most tumor cells stop in G1 phase.’!! Hypoxia can
also reduce the expression of topoisomerase II in tumor cells,
resulting in drug resistance of chemotherapeutic drugs metab-
olized by topoisomerase. As mentioned above, abnormal struc-
ture and function of neovascularization network in tumor result
in reduced the chance of tumor cells contacting with chemo-
therapy drugs.’?! At the same time, hypoxia leads to apopto-
sis inhibition of tumor cells, and apoptosis induction is one
of the important mechanisms of chemotherapeutic drugs, so
hypoxia can increase chemotherapeutic resistance.! Viallard
and Larrivéel and others researchers described the relation-
ship between the abnormal tumor angiogenesis and tumor
microenvironment. The morphology and structure of tumor

neovascularization become highly disordered under the contin-
uous action of angiogenic factors such as VEGE. This results in
increased interstitial hydraulic pressure, hypoxia, decreased pH,
and abnormal tumor microenvironment with immunosuppres-
sion, resulting in tumor resistance to radiotherapy and chemo-
therapy and reduced the antitumor treatment efficacy.

VEGF is the key mechanism leading to highly abnormal
tumor microenvironment. Therefore, anti-angiogenic therapy
blocking VEGF may break this vicious cycle, reshape abnormal
tumor microenvironment, improve cell hypoxia, and increase
the sensitivity and efficacy of radiotherapy and chemotherapy
drugs.Bs! Endostar is an angiogenesis inhibiting neovasculariza-
tion antitumor targeted drug developed by Chinese scientists
in 1999. Its mechanism of action is to inhibit abnormal angio-
genesis by targeting VEGE improve the abnormal microenvi-
ronment inside tumor tissues, and reduce the proliferation and
metastasis of tumor tissues.* It can improve the sensitivity of
radiotherapy and chemotherapy and further improve the prog-
nosis of patients. In a nude mouse model inoculated with Hela
cells in the abdomen, endostar inhibited the proliferation and
metastasis of the transplanted tumor by inhibiting angiogene-
sis and lymphatic vessels.’”! Meanwhile, endostar combined
with CCRT showed the best inhibitory effect on tumor growth.
It may be related to endo-induced apoptosis of tumor cells,
down-regulated expression of VEGF and hypoxic inducible fac-
tor (HIF-1a).%% Recently, Li et al®®®! conducted a phase II clini-
cal trial in patients with locally advanced cervical cancer, when
VEGFR2 expression was positive, the short-term ORR and
DMES in patients with endostar combined with CCRT were
significantly longer than those in patients with CCRT alone
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 RCT
Fanetal 2017 28 28 28 2B Not estimable
Ke etal 2012 28 26 26 26 Not estimable
Lu 2021 75 76 35 37 3.4X 4.29[0.38, 48.86]
Luo et al, 2016 27 33 15 33 15.1% 5.40[1.7§, 16.53] ——
Shu etal 2021 46 48 41 43 100X 1.12[0.15,8.33] e
Xuetal 2018 31 32 31 34 5.2% 3.00 [0.30, 30.44] —
Zhao etal 2012 24 25 23 25 5.1% 2.09 [0.18, 24.61]
Subtotal (95% CI) 268 226 38.8% 3.44 [1.57, 7.55] R =
Total events 257 189
Heterogenehy: Chi = 2.03, df = 4 (P = (.73); F = 0X
Test for overall effect: Z = 3.00 (P = 0.002)
4.1.2 NRCT
Chen etal 2020 59 &0 53 56 5.1% 3.34 [0.34, 33.09] —
U 2021 33 36 22 34 10.4% 6.00[1.52, 23.74] —_—
Lu etal 2013 25 25 25 25 Not estimable
Tang etal 2019 28 30 2B 30 5.2% 2.07 [0.18, 24.15]
Subtotal (95% CI) 151 145 20.6% 4.37[1.52,12.54) B
Total events 148 128
Heterogenehty: Ch = 0.61, df = 2 (P = 0.74); F = 0X
Test for overall effect: Z = 2.74 (P = 0.006)
4.1.3 Cohort study
Dl et al 2020 64 78 38 B6 35.0% 5.77 [2.82, 11.54] —a—
Zhang etal 2017 56 57 44 46 47X 2.55 [0.22, 2B.99]
Subtotal (95% CI) 135 132 40.6% 5.40[2.71, 10.74] <3
Total events 129 B2
Heterogenehty: ChiF = 0.40, df = 1 (P = 0.53); F = 0%
Test for overall effect: Z = 4.81 (P < 0.00001)
Total (95% CI) 554 503 100.0% 4.43 [2.78, 7.04) <&
Total events 523 408
Hetwrogenehty: ChE = 3.73, df = 0 (P = 0.03); F = 0% 0 005 0 1 i li) 260

Test for overall effect Z = 6.29 (P < 0.00001)
Test for subaroup diferences: Chif = .71, df = 2 (P = .70}, F = 0%

Figure 4. Forest plot of DCR for CCRT + endostar versus CCRT with different study designs. CCRT = concurrent chemoradiotherapy, DCR = disease control rate.

Favours [experimental] Favours [control]

Treatment-related adverse reactions.

Side effect

RCT
Estimate (95% CI)

NRCT
Estimate (95% Cl)

Cohort study
Estimate (95% CI)

Myelosuppression
Leukopenia

Neutropenia
Thrombocytopenia

Anemia

Bleeding

cardiovascular toxicity
Liver and kidney dysfunction
Neurotoxicity
Gastrointestinal reaction
Nausea

\Vomiting

Diarrhea

Radiation proctitis
Radiation cystitis

Rash

Fever

Alopecia

Hypertension
Genitourinary tract reaction

0R0.78. (0.24-2.49)
OR 0.36(0.15-0.85)
OR 1.08 (0.55-2.14)
OR0.72 (0.28-1.81)
OR 1.68 (0.63-4.49)
OR 6.60 (0.77-56.65)
0R 079 0:21-3.03

OR0.80. (0.37-1.71)
OR 0.74 (0.32-1.68)
OR 0.85 (0.34-2.10)
OR 0.81 (0.45-1.46)
OR 1.67 (0.49-5.72)
OR 2.29 (0.20-26.22)
OR 1.49 (0.55—4.04)
OR 1.67 (0.42-6.61)
OR 1.46 (0.43-4.93)
OR 10.80 (1.25-93.44)
OR1.22 (0.14-11.01)

OR 1.26 (0.75-2.09)

OR 0.71 (0.20-2.51)
OR 0.75 (0.23-2.44)

OR 1.10 (0.58-2.09)

OR 1.24 (0.74-2.10)

OR 0.95 (0.47-1.91)
OR 1.00 (0.18-5.51)

OR 0.78 (0.25-2.39)

OR 0.87 (0.30-2.48)

OR1.15(0.19-6.94)

OR 1.75 (0.56-5.48)
OR 2.15(0.42-11.03)

OR 4.53 (1.60-12.84)"
OR 0.25 (0.10-0.66)"

OR 2.89 (0.91-9.17)

OR 1.50 (0.27-8.28)

Cl = confidence interval, NRCT = nonrandomized controlled trial, OR = odds ratio, RCT =

*P <0.05, P < 0.01.

(P < .05), and there was no significant increase in treatment-re-
lated adverse reactions (P > .05). Another study!'*! showed that
endostar combined with CCRT improved the disease remission
rate of patients in a certain extent. However, the incidence of

randomized controlled trial.

adverse reactions such as cardiac adverse reaction, digestive
system reaction and allergy is correspondingly increased, so the
indication of the use of endostar is not clear. In addition, there
is no systematic review to evaluate the efficacy of endostar in
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Figure 5. Sensitivity analyses.
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Figure 6. The results of publication bias. (A) Enhanced funnel plot. (B) Begg funnel plot.

locally advanced cervical cancer, and its clinical application is
still controversial. Therefore, in this study, we systematically col-
lected relevant clinical studies and conducted a meta-analysis to
explore the efficacy and safety of endostar combined CCRT in
patients with locally advanced cervical cancer.

A total of 13 studies (including RCT, NRCT, and cohort
studies) were included in this study, and the results showed
that endostar combined with CCRT in the treatment of locally
advanced cervical cancer could significantly improve the ORR
and DCR of patients (P < .05), with no significant heteroge-
neity. These results suggest that the combination of endostar
can improve the short-term efficacy of local advanced cervical
cancer patients. The results of sensitivity analysis showed that
the stability of this study was fair and the publication bias was
small. This study comprehensively included relevant studies,
providing a strong evidence for the clinical application of endo-
star in patients with locally advanced cervical cancer.

In addition, the combined use of endostar may increase the occur-
rence of treatment-related adverse reactions in patients to a certain
extent. Analysis of adverse reactions in this study showed that

endostar combined with CCRT significantly increased the occur-
rence of gastrointestinal adverse reactions in patients compared
with the control group. Studies showed that endostar combined
treatment could increase the incidence of hypertension in patients,
and there was no statistically significant difference in the incidence
of other adverse reactions between the experimental group and
the control group, and no treatment-related deaths were reported.
Previous studies have reported that endostar in advanced lung
squamous cell carcinoma are more prone to cardiotoxicity-related
adverse reactions, mainly manifested as increased heart rate, palpi-
tations, abnormal T waves and ST-T changes." ) In contrast, there
was no relevant reports reported in patients with locally advanced
cervical cancer. However, the changes of cardiac enzymes, electro-
cardiogram, and cardiac ultrasound should be paid attention to in
the process of application of endostar, and the cardiac function of
patients should be closely observed. Other mentioned adverse reac-
tions, such as hematotoxicity, abnormal liver and kidney function,
neurotoxicity, radiation-related adverse reactions, urogenital reac-
tions, and other adverse reactions, showed no statistical difference,
but could not be ignored in clinical application.
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This study reported the efficacy and safety of endostar com-
bined with CCRT versus CCRT alone in locally advanced cervi-
cal cancer through meta-analysis, aiming to provide theoretical
basis for clinical treatment of cervical cancer. The shortcomings
of this study are as follows: There are few researches included in
this study, most of which are single-center and small-sample stud-
ies; The types of studies included were RCT, NRCT, and cohort
studies. Among the 7 included RCT studies, only 1 study reported
the specific implementation methods of random allocation, allo-
cation hiding, and blindness. The included NRCTs and retro-
spective cohort studies were of medium quality, and the overall
quality of enrolled studies was not high; and This study only
reported the short-term efficacy of endostar in locally advanced
cervical cancer, and its long-term efficacy in patients with cervical
cancer needs to be further proved. Endostar, as a novel antivas-
cular treatment option, still has many problems to be solved. Big
sample size and high-quality studies are needed to confirm the
better efficacy and safety of endostar combination therapy.

5. Conclusion

Degree of what has been discussed above, endostar not only in
the microscopic molecular level on endothelial cell surface pro-
tein expression and regulation of intracellular signaling pathways
include macro on the reshaping of the tumor microenvironment,
which in turn improve the curative effect of comprehensive treat-
ment of tumor. The ORR and DCR of patients can be signifi-
cantly improved in the treatment of locally advanced cervical
cancer, providing theoretical basis for its clinical application. At
present, although there is low quality evidence supporting the
prolongation of overall survival and PFS in patients with endostar
combined CCRT, this result has not been confirmed, and needs
to be further confirmed by large RCTs with long-term follow-up.
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