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Background: Surgery-based treatment is the standard method for the early-stage soft tissue sarcoma (STS)
with relatively good clinical outcome. However, the recurrence and metastasis decrease the survival of STS,
regardless of surgery, radiotherapy, and chemotherapy. On the other hand, anti-angiogenesis treatments
for STS have been clinically applied in recent years. To evaluate the safety and efficacy of anti-angiogenesis
medicines for the treatment of advanced STS, we conducted a meta-analysis.

Methods: We systematically searched PubMed, Web of Science, Cochrane Library, Excerpta Medica
Database, and China National Knowledge Infrastructure from inception to September 5, 2019. And finally,
nine studies with 1,230 patients were included after rigorous screening. The endpoints included objective
response rate (ORR), disease control rate (DCR), progression-free survival (PFS), overall survival (OS), and
adverse reactions (AEs). And we analyzed them with the risk ratio (RR) or the hazard ratio (HR). Moreover,
heterogeneity and sensitivity were also analyzed.

Results: The pooled data showed that anti-angiogenesis medicines significantly benefited ORR [risk ratio
(RR) =2.16, 95% CI: 1.47-3.17, P<0.001], and DCR (RR =1.68, 95% CI: 1.49-1.89, P<0.001), respectively,
and improved the PFS (HR =0.50, 95% CI: 0.41-0.59, P<0.001), and OS (HR =0.77, 95% CI: 0.63-0.95,
P<0.05), respectively. However, as for grade III or higher acute AEs, the antiangiogenic treatment increased
morbidities of hypertension (RR =4.88, P<0.005), and diarrhea (RR =3.98, P=0.021) compared to the control
group. And no significant difference was found in bone marrow inhibition, vomiting, anemia, and mucositis.
Conclusions: Anti-angiogenesis treatments are beneficial in short-term efficacy and long-term survival for

the recurrence and metastasis of STS, and the AEs are tolerable.
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Introduction angiosarcoma. Surgery-based treatment might be performed
to treat early-stage of STS, but the prognosis of STS

Soft tissue sarcomas (STSs), a series of mesenchymal original remains poor, regardless of surgery, radiotherapy, and

malignant diseases, account for approximately 1% of human
tumors (1). According to the World Health Organization
(WHO), STSs include more than 70 subtypes (2), and the
common subtypes of them are pleomorphic undifferentiated

sarcoma, liposarcoma, leiomyosarcoma, synovial sarcoma,

© Translational Cancer Research. All rights reserved.

chemotherapy. On the other hand, Chemotherapy is one
of the standard treatments for the advanced stage of STS.
Doxorubicin (ADM) alone or in combination with ifosfamide
(ADM + I-FO) is the first-line chemotherapy regimen
for advanced STS. Other medicines, such as dacarbazine,
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epirubicin, and I-FO, are also used as single agent or in
anthracycline-based combination therapy (3). However, the
prognosis of metastatic ST'S still remains poor, and the 2-year
median survival rate and median survival time are 38% and
18 months, respectively (4). Moreover, Folkman proposed
the theory that tumor growth depends on angiogenesis (5).
Angiogenesis is one of the characteristics of malignancies.
This process promotes the formation of new blood
vessels, resulting in the uncontrolled growth of tumors (6).
Therefore, except chemotherapy, the anti-angiogenesis of
tumor was considered to be researched in recent decade,
marked a watershed treatment for the target therapy in STS.

The binding of a pair of key angiogenic factors,
namely, vascular endothelial growth factor (VEGF) and
VEGEF receptor (VEGFR), is one of the key steps in the
proliferation of endothelial cell, and formation of new
blood vessels. Moreover, VEGF and VEGFR are highly
expressed in the tumor vascular endothelial cells than in
the normal vascular endothelial cells. Thus, although anti-
VEGF does not damage directly the tumor cells, the VEGF
and VEGFR of the tumor blood vessels could be utilized
as a target for tumor-directed therapy with high specificity.
In addition, the activation of platelet-derived growth
factor (PDGF) and its receptor (PDGFR) could induce
the formation and stabilization of the outer membrane,
and vascular smooth muscle of the tumor. And the insulin-
like growth factor (IGF), and fibroblast growth factors
(FGF) also function in tumor angiogenesis (7). Therefore,
anti-angiogenesis medicines including the monoclonal
antibodies, endothelial cell inhibitors, and tyrosine kinase
inhibitors, could interrupt these angiogenesis-related
regulatory signaling pathways to prevent angiogenesis.

Multiple clinical trials of anti-angiogenesis medicines
have been performed worldwide, and various results have
been obtained. Herein, these studies were presented, and
the efficacy and safety of the anti-angiogenesis medicines
in adult patients with advanced STS were analyzed. And we
got some meaningful conclusions.

Methods
Literature search

PubMed, Web of Science, Cochrane Library, Excerpta
Medica Database, and China National Knowledge
Infrastructure (CNKI) were searched for articles related to
anti-angiogenesis, which published from the inception of
each database up to September 5, 2019. All articles were
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written in English or Chinese. The keywords used in the
searches were “bevacizumab”, “olaratumab”, “endostar”,
“pazopanib”, “anlotinib”, “regorafenib”, “apatinib”, and
“soft tissue sarcoma”. A total of 2,305 papers were selected.
Finally, nine studies with 1,230 patients were included after
screening for the final analysis.

Criteria for inclusion and exclusion

Inclusion criteria: (I) randomized controlled trial (RCT);
(II) patients with advanced or metastatic STS diagnosed
and confirmed by cytology and pathology; (III) the
main intervention of the experimental group was anti-
angiogenesis medicines based treatment; and (IV) one of
the following results should be reported: objective response
rate (ORR), disease control rate (DCR), progression-free
survival (PFS), overall survival (OS), and adverse reactions
(AEs).

Exclusion criteria: (I) non-RCT; (II) non-prospective
phase II/IIT RCTs; (III) duplicate published data; (IV)
number of cases <40 or patients aged below 18 years; and (V)
endpoint-indicators cannot be merged.

Data extraction and quality assessment

The extracted data included authors, year of publication,
treatment regimens, number of patients, intervention
measures, endpoint-indicators, subtype of STSs. We used
the Cochrane bias risk assessment criteria to evaluate the
methodological quality of the RCTs (8). This assessment
was based on the risk of bias for each important endpoint
included in the trials, including blinding, the adequacy
of the generation of allocation sequence, allocation
concealment, and presence of incomplete endpoint data,
selective endpoint, or other sources of bias.

Statistical analysis

Data were analyzed by using the Stata 12.0 statistical
software. The dichotomous data of the ORR, DCR and
AEs were analyzed based on the risk ratio (RR), whereas
the survival data, including PFS and OS, were calculated by
using the hazard ratio (HR). The 95% confidence interval
(CI) was used to estimate the uncertainty, and P value
<0.05 was considered statistically significant. Heterogeneity
among the included RCTs was evaluated by using the P
value and the inconsistency statistic (I’) statistics. Generally,
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Figure 1 Flow chart of the search process for the meta-analysis.

heterogeneity was considered high for I’ values over 50%,
which was brought into clinical consideration. Finally,
a simple assessment was conducted through sensitivity
analysis to verify the credibility of our research.

Results

Search results and quality evaluation

According to the PRISMA diagram (Figure 1), 2,305
relevant papers were obtained from the five aforementioned
databases. After deleting the duplicates, 1,575 papers
remained. And we searched RCTs by reading titles and
abstracts among them. Finally, nine trials met the inclusion
criteria, and were available for analysis. The quality of
each trial was evaluated by using the Cochrane bias risk
assessment criteria (Figure 2). The basic information of the
included trials was listed in Zable 1.

Short-term efficacy: ORR and DCR

Eight studies evaluated the short-term efficacy of anti-
angiogenesis medicines in patients with advanced STS.
Significantly higher ORR (RR =2.16, 95% CI: 1.47-3.17,
P<0.001) and DCR (RR =1.68, 95% CI: 1.49-1.89,
P<0.001) were observed in the study group than those in
the control group (Figures 3,4). The heterogeneity among
studies was low in the ORR (I’ =33.6%, P=0.160), but high
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50 records excluded because repeated data or
no interested results
or didn't meet the inclusion criteria
or inappropriate comparison

in DCR I* =68.3%, P=0.002). Hence, a subgroup analysis of
DCR was conducted in accordance with the classification of
the anti-angiogenesis medicines. And the subgroup analysis
showed that endothelial cell inhibitors (RR =2.26, 95% CI:
1.01-5.05) and tyrosine kinase inhibitors (RR =1.93, 95%
CI: 1.65-2.26) were better than monoclonal antibodies (RR
=1.16, 95% CI: 0.98-1.39) in DCR (Figure 5).

Long-term efficacy: PFS and OS

Some trials analyzed PFS and OS, respectively, and
indicated that the antiangiogenic treatment group had
significantly prolonged PFS (HR =0.50, 95% CI: 0.41-
0.59, P<0.001) and OS (HR =0.77, 95% CI: 0.63-0.95,
P<0.05) compared with the control group (Figures 6,7).
Unfortunately, the heterogeneity was high among the trials.

AEs

We analyzed acute grade III or higher AEs, such as
myelosuppression, vomiting, hypertension, anemia,
diarrhea, and mucositis. Results showed that the study
group had significantly higher incidences of hypertension
(RR =4.88, P<0.005) and diarrhea (RR =3.98, P=0.021),
whereas no difference in the myelosuppression, vomiting,
anemia and mucositis compared with the control group

(1uble 2).
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Figure 2 The quality assessment of each trial.

Publication bias assessment and sensitivity analyses

A statistical evaluation of the publication bias was not
performed because of the limited number of clinical studies
in our meta-analysis (n<10). For sensitivity analyses, the
endpoint-indicators were analyzed after excluding each
article (Zible 3). Similar results were obtained for ORR and
DCR, which showed that the sensitivity was relatively low,
and our conclusions were reliable. However, PFS changed
after van der Graaf e al’s study (12) was excluded, whereas
the OS changed considerably after Tap et 4l’s study (14) was
excluded.

Discussion

STS is a large class of malignant tumors with distinct
heterogeneity in the occurrence, transformed cell types, and
histopathological features, and some are in the advanced
stage at the time of diagnosis, and it is difficult to treat
patients with advanced STS. Fouad and Aanei elucidated
the major characteristics of the tumors, namely, selective
growth and proliferative advantage, altered stress response
favoring OS, vascularization, invasion and metastasis,
metabolic rewiring, abetting microenvironment, and
immune modulation (6). It clearly indicated the significance
of angiogenesis in tumors, and the great influence of the
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blood supply on the poor prognosis of the tumor. In recent
years, several anti-angiogenesis medicines have been proved
effective in multiple tumors with acceptable AEs.

The anti-angiogenesis medicines mainly include tyrosine
kinase inhibitors, monoclonal antibodies, and endothelial
cell inhibitors. Tyrosine kinase inhibitors such as pazopanib
(target: VEGFR, PDGFR, and c-Kit), apatinib (target:
VEGF and VEGFR), regorafenib (target: VEGFR,
PDGFR, FGFR, and c-Kit), and anlotinib (target: VEGFR
and c-Kit). Recent studies have shown that the VEGE/
VEGEFR-targeted therapy displayed anti-angiogenesis and
immune-supportive effects, because VEGF suppressed
tumor immunity by inhibiting the maturation of dendritic
cells and inducing immunosuppressive cells such as
regulatory T cells, tumor-associated macrophages, and
myeloid-derived suppressor cells (18). Monoclonal
antibodies are also used as the antiangiogenic therapy
for tumors. Olaratumab is a humanized PDGFR-
alg G1 monoclonal antibody that specifically binds to
PDGFR-a, and blocks its binding to PDGF to inhibit
receptor activation. Bevacizumab is a recombinant
humanized monoclonal antibody that binds to VEGF and
blocks its biological activity, and it’s the first antitumor
angiogenesis medicine approved by the US Food and Drug
Administration. Anti-angiogenesis medicines also include
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Table 1 Basic information regarding the studies
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Study Year Antiazc;;Lijc;genic Cases Treatment arms End points Tumor type tr:;?nc;;t
Hensley 2015 Bevacizumab 53 Gemcitabine-docetaxel + PFS, OS, ORR, Uterine First-line
etal. (9) bevacizumab AEs leiomyosarcoma
54 Gemcitabine-docetaxel +
placebo
Mir et al. (10) 2016 Regorafenib 89 Regorafenib PFS, OS, CR, Unspecified Non first-line
92 Placebo PR, SD, AEs
Mir et al. (11) 2016 Pazopanib 40 Pazopanib + best supportive PFS, OS, SD, Gastrointestinal Unknown
care PD, AEs stromal tumours
41 Best supportive care
van der Graaf 2012 Pazopanib 246 Pazopanib PFS, OS, AEs Non-adipocytic Non first-line
etal. (12) 123 Placebo STS
Zhang 2018 Endostar 23 Endostar + gemcitabine and PFS, OS, CR, Unspecified Non first-line
etal. (13) docetaxel PR, SD, ORR,
26 Gemcitabine and docetaxel DCR, AEs
Tap et al. (14) 2016 Olaratumab 64 Olaratumab + doxorubicin PFS, OS, ORR, Unspecified Unknown
65 Doxorubicin AEs
Hu et al. (15) 2018 Apatinib 21 Apatinib + AIM CR, PR, SD, Unspecified Non first-line
o1 AM ORR, DCR, AEs
Chi et al. (16) 2018 Anlotinib 158 Anlotinib PFS, ORR, DCR, Unspecified Non first-line
75 Placebo AEs
Liuetal (17) 2018 Anlotinib 28 Anlotinib PFS, OS, ORR, Unspecified Non first-line
11 Placebo DCR

PFS, progression-free survival; OS, overall survival; ORR, objective response rate; DCR, disease control rate; AEs, adverse events; CR,

complete response; PR, partial response; SD, stable disease; AIM, adriamycin, ifosfamide, mesna.

recombinant endostatin. Endostar, an injectable antitumor
vascular targeting medicine independently developed in
China, could significantly inhibit the proliferation and
promote the apoptosis of vascular endothelial cells, block
the growth of tumor blood vessel, and inhibit the growth of
tumor (19).

In this meta-analysis, the short-term efficacy of patients
with advanced STS was significantly improved in the anti-
angiogenesis medicine group (RR =2.16, 95% CI: 1.47-
3.17 in ORR; RR =1.68, 95% CI: 1.49-1.89 in DCR). A
subgroup analysis was conducted, and results showed that
compared with the monoclonal antibodies, the inhibitors of
endothelial cell and tyrosine kinase significantly presented
better benefits in DCR. Moreover, the anti-angiogenesis
medicines significantly improved PFS and OS compared

© Translational Cancer Research. All rights reserved.

with the control group (HR =0.50, 95% CI: 0.41-0.59 in
PFS; HR =0.77, 95% CI: 0.63-0.95 in OS). In addition, the
heterogeneity of these endpoint-indicators was examined.
The sensitivity analysis found that removing van der Graaf
et al.’s study (12) influenced the PFS (HR =0.78, 95%
CI: 0.61-1.00), whereas removing Tap er al’s study (14)
influenced the OS (HR =0.90, 95% CI: 0.71-1.13). Three
trials (10,16,17) showed significant benefits in PFS or
OS, but they cannot be used in the analysis of PFS or OS
without HR and 95% CI. Therefore, only parts of the
studies were included in the analysis of long-term survival
benefits, and the high heterogeneity and sensitivity of PFS
and OS may be related to this limitation.

The failure of Hensley et 4l.’s study (9) might be attributed
to the focus on the single histology (leiomyosarcoma) of
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Figure 3 Forest plot of the risk ratio of objective response rate (ORR) between anti-angiogenesis treatments and control group. The fixed-

effects model was used in the analysis. RR, risk ratio; CI, confidence interval.
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Figure 4 Forest plot of the risk ratio of disease control rate (DCR) between anti-angiogenesis treatments and control group. The fixed-

effects model was used in the analysis. RR, risk ratio; CI, confidence interval.

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2020;9(3):1536-1546 | http://dx.doi.org/10.21037/tcr.2020.01.47



1542

Study
ID

monoclonal antibodies

Hensley et al (2015)

Tap et al (2016)

Subtotal (I-squared = 0.0%, p = 0.463)

tyrosine kinase inhibitors
Mir(Regorafenib) et al (2016)

Van Der Graaf et al (2012)

Hu et al (2018)

Chi et al (2018)

Liu et al (2015)

Subtotal (I-squared = 0.0%, p = 0.594)

endothelial cell inhibitors
Zhang et al (2018)

Subtotal (I-squared =.%, p=.)

Overall (I-squared = 68.3%, p = 0.002)

Wang et al. Efficacy and safety of anti-angiogenesis medicines in STS

Events, Events, %
RR (95% Cl) study control Weight

_— 1.08 (0.82, 1.42) 36/53 34/54 15.29
1 = 1.23(0.98, 1.55) 51/66 42/67 18.92

1.16 (0.98, 1.39) 87/119 76/121 34.20

—_o}— 1.64 (1.26, 2.13) 65/89 41/92 18.30
—:;J—L 1.89 (1.49, 2.40) 178/24647/123 28.44
—_—— 2.00(1.18,3.38) 18/21 9/21  4.08
— 2.46 (1.58,3.82) 88/158 17/75 10.46
— 223(0.81,6.11) 17/28 311 195
<> 1.93 (1.65, 2.26) 366/542 117/322 63.24

* 226 (1.01,5.05) 12/23 6/26  2.56

e T e 226(1.01,5.05) 12123 6/26 256

0 1.68 (1.49, 1.89) 465/684 199/469 100.00

T
164

T
i 6.11

Figure 5 Forest plot of the risk ratio of subgroup analysis of disease control rate (DCR) according to the classification of anti-angiogenesis

medicines. The fixed-effects model was used in the analysis. RR, risk ratio; CI, confidence interval.

Study %
D HR (95% Cl) Weight
1
|
Hensley et al (2015) i ————— 1.12 (0.74, 1.70) 18.55
'
1
1
Mir(Pazopanib) et al (2016) —_—— 0.59 (0.37, 0.96) 14.12

Van Der Graaf et al (2012) —_—

Tap et al (2016)

Overall (l-squared = 90.1%, p = 0.000)

0.31(0.24, 0.40) 49.18

0.67 (0.44, 1.02) 18.15

1
1
1
1
1
1
1
PR [ - - SE——
" -
i
<> 0.50 (0.41, 0.59) 100.00
1
1
1
1
1
1
1

T
24

T
1 417

Figure 6 Forest plot of the hazard ratio of progression-free survival (PFS) between anti-angiogenesis treatments and control group. The

fixed-effects model was used in the analysis. HR, hazard ratio; CI, confidence interval.
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Figure 7 Forest plot of the hazard ratio of overall survival (OS) between anti-angiogenesis treatments and control group. The fixed-effects

model was used in the analysis. HR, hazard ratio; CI, confidence interval.

Table 2 Adverse reactions of the antiangiogenic treatment group vs. the control group

95% Cl
Adverse reaction Study No. RR P value
Min Max
Hypertension 6 4.88 2.3 10.33 <0.005
Myelosuppression 5 1.36 0.98 1.89 0.067
Vomiting 3 3.66 0.79 16.93 0.097
Anemia 3 0.79 0.45 1.38 0.407
Diarrhoea 3 3.98 1.23 12.87 0.021
Mucositis 3 217 0.67 7.04 0.196

RR, risk ratio; Cl, confidence interval.

a single anatomical site (uterus). This result might be
different from other STSs because different sarcomas might
have different medicine sensitivities. Bevacizumab is shown
to be effective in angiosarcoma metastasis, locally advanced
angiosarcoma, and epithelioid hemangioendotheliomas (20).
Only Hensley ez al.’s study was applied in the first-line
therapy. Thus, the suitability of anti-angiogenesis medicines
for first-line therapy in advanced STS should also be
considered. The clinical result of pazopanib indicated
a significant survival benefit compared with standard
chemotherapy in different STS types (21). This result
might be related to the multiple targets and high activity of

© Translational Cancer Research. All rights reserved.

pazopanib. Furthermore, some studies have reported that
the effect of the combination of anti-angiogenesis medicines
with chemotherapy is related to the timing of application,
but the time window for combination remains unclear.
Studies included in this meta-analysis were concurrently
administered. Therefore, a certain conclusion about the
schedule of administration in advanced ST'S cannot be drawn,
and more studies should be conducted to better optimize the
doubt.

Majority of the trials reported that the AEs of anti-
angiogenesis medicines were tolerable. The anti-angiogenesis
medicine group showed no significant difference in
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myelosuppression, mucositis, anemia and vomiting compared
with the control group, but the former experienced induced
higher incidence of hypertension and diarrhea. The specific
mechanisms of AEs are still unknown. However, some
studies have indicated that VEGFR inhibitors reduce the
production of prostacyclin and NO by impairing the VEGFR
of endothelial cells, resulting in hypertension (22). The
cause of diarrhea may be related to the medicine-induced
pancreatic exocrine dysfunction. Moreover, it might exist
some kinds of off-target toxicities that didn’t related to the
anti-angiogenesis target treatments.

This meta-analysis had several limitations. In first place,
the data of the trials was not sufficient for an in-depth
analysis of PFS and OS. Additional clinical data is necessary
for the survival benefit of anti-angiogenesis treatments.
Three studies without HR and 95% CI in the analysis of PFS
and OS were excluded, and this exclusion may have a certain
effect on our endpoint-indicators. Secondly, a subgroup
analysis of medicines and doses couldn’t be performed
because of the limited number of studies. Moreover, two of
the included studies (9,11) were focused on a specific soft
tissue tumor, and whether the anti-angiogenesis treatments
work in other ST'Ss or not was uncertain.

Although anti-angiogenesis treatment can suppress
tumor blood vessels, its antitumor activity remains low, and
suffered from resistance easily. Therefore, the combination
of different treatment methods is a promising approach in
cancer therapy.

The decreased blood supply and increased oxygen
consumption cause the tumor-specific microenvironment
hypoxia. This condition impairs the efficacy of radiotherapy
and results in local recurrence and distant metastasis.
The optimized application of antiangiogenic therapy can
normalize the tumor blood vessels, and upregulate the
oxygen supply. Thus, the combination of antiangiogenic
therapy with radiotherapy should be an ideal local and
systemic treatment. Moreover, this combination can
enhance the killing power to endothelial cells, and inhibit
tumor metastasis to achieve better therapeutic effects (23).
However, few studies in this field for STS have been
conducted.

In addition, most of the included trials have shown that
anti-angiogenesis therapy combined with chemotherapy
can also benefit the patients’ survival. The combined
therapy has also been extensively studied in other solid
tumors, and has yielded positive results, although AEs
have also increased accordingly. Although many trails
have confirmed the synergistic effect of anti-angiogenesis
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medicines combined with chemotherapy (24), some trials
showed no enhancement of the survival benefit by using
this combination therapy in comparison with chemotherapy
alone. This suggested that a 1+1>2 effect might be more
likely to be achieved only if the anti-angiogenesis medicines
are combined with the chemotherapy in the optimal
treatment regimen and the optimal timing (25). Therefore,
further exploration should be carried out based on the
specific mechanism of combined application, timing, and
side effects in the future.

Conclusions

Anti-angiogenesis medicines have shown short-term
and long-term benefits for advanced STS in our study,
indicating its promising role as an anticancer medicine,
with increased incidence of some tolerable AEs. In
addition, although long-term efficacy has shown overall
benefits, the reason for the failure of bevacizumab to treat
leiomyosarcoma is worthy of attention. Further RCTs are
warranted to update our meta-analysis, and investigate the
role of anti-angiogenesis medicines in patients with STS.
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