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Purpose: The occurrence, progression, invasion and metastasis of tumors depend on
a tumor vascular network. Vascular disrupting agents (VDAs) are a new class of drugs
targeting the tumor vasculature, by blocking the existing tumor blood vessels. However,
there is no clear consensus on the clinical efficacy of tumor vascular disrupting therapy. In
this study, we performed the first systematic review and meta-analysis of published clinical
trials focused on tumor vascular disrupting therapies.

Materials and Methods: We searched PubMed, EMBASE, and the Cochrane Library to
identify clinical trials that used VDAs to treat tumors. After literature screening and data
extraction, according to inclusion and exclusion labels, meta-analysis was performed using
RevMan5.3 software.

Results: In this meta-analysis, we included 2659 patients from eight randomized controlled
trials involving non-small-cell lung cancer, prostate, epithelial ovarian, fallopian tube, and
primary peritoneal carcinoma. Compared with the control arm, the experimental arm exhib-
ited an effective improvement of 0.5-year and 1-year survival, as well as the 6-month
progression-free survival rate. There was no significant difference between patients in the
experimental compared to the control arm with respect to objective response and disease
control rates, and 12-month progression-free survival.

Conclusion: Vascular disrupting therapy can effectively prolong the survival of cancer
patients. However, for indicators of short-term efficacy, such as objective response rate and
disease control rate, there is still a lack of high-quality, large-scale clinical trial data to
confirm the effectiveness of VDAs.
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Introduction

As the aging population has expanded, the burden of cancer morbidity and mortality
has increased rapidly worldwide. According to World Health Organization estimates
in 2019, cancer is the first or second leading cause of death among people under the
age of 70 in 112 of 183 countries.! Although the existing first-line cancer treatment
methods, such as surgery, chemotherapy, and radiotherapy, have achieved remarkable
positive results, there are still limitations to their efficacy.” Furthermore, despite
continuous innovation in the development of drugs and treatments for tumors, the
S-year survival rates of various cancers (including pancreatic, liver, and lung cancer)
have remained low, indicating the need for more effective treatments.® Tumor targeted
therapy uses targeted technology to accurately deliver drugs to the tumor area at the
cellular and molecular level. Based on the use of different targeting sites, tumor

targeted therapy can be divided into two categories, namely tumor cell targeted
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therapy and tumor vascular targeted therapy.*> The latter
technique takes advantage of the abnormal structure and
function of tumor vessels. Anti-angiogenesis therapy
involves inhibiting the development of neovascularization,
while vascular disrupting therapy is aimed at the destruction
of the established tumor vascular system.’

The drugs used in tumor vascular disrupting therapy
are called vascular disrupting agents (VDAs). VDAs can
selectively target tumor vessels via multiple pathways to
inhibit blood flow within tumors, leading to extensive
secondary necrosis within tumors while leaving normal
tissues relatively intact.” Based on their mechanisms of
action, VDAs can be divided into two categories: ligand-
directed VDAs and small molecular VDAs.*® Ligand-
directed VDAs target up-regulated molecules in tumor
vascular endothelial cells and deliver toxins, coagulants,
or pro-apoptotic factors to tumor-related vessels via tar-
geted ligands such as antibodies, peptides, or growth
factors. However, most ligand-directed VDAs, except
tTF-NGR, have not yet entered the clinical research
stage.'® Small molecular VDAs cause tumor vascular
dysfunction by taking advantage of the pathophysiologi-
cal differences between tumor-related vessels and normal
blood vessels. Small molecular VDAs can be divided into
three categories. The first category comprises flavonoids,
which exert anti-vascular effects by inducing the produc-
tion of local cytokines.'' The second category covers
N-cadherin antagonists, which act by preventing cadher-
ins from coagulating with each other in the tumor vas-
cular system.'”> The last category consists of
tubulinbinding agents, which work by inducing microtu-
bule depolymerization and the separation of actin and
tubulin. '

In this study, we performed the first systematic review
and meta-analysis of clinical data on tumor vascular dis-
rupting therapy in the existing literature, determined the
role of VDAs in tumor treatment, and provide guidance for

further research and clinical applications.

Materials and Methods

Acquisition of Relevant Studies

Our systematic review and meta-analysis were prepared
based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The pro-
tocol was published on the International Platform of
Registered Systematic Review and Meta-analysis Protocols
(INPLASY; registration number: INPLASY202140111)."

In order to obtain relevant studies, we searched the
PubMed, EMBASE, and Cochrane Library databases for
articles ranging from the earliest publications included in
the database up until 10 August 2021. For studies drawn
from PubMed, we used the following medical subject head-
ings (MeSH) and non-MeSH terms for the selection of rele-
vant patients: “Neoplasms” or “Neoplasia” or “Neoplasm” or
“Tumor” or “Cancer” or “Malignancy” or “Benign”. With
regards to selecting relevant interventions, the following
terms were used: “Anti-vascular agent” or “Vascular disrupt-
ing agent” or “Tubulin-binding agent” or “Flavonoid” or
“N-cadherin”. For the selection of relevant types of studies,
the following MeSH and non-MeSH terms were used:
“Clinical Trial [Publication Type]” or “Clinical trial”.
Articles that did not have English versions were excluded.

Eligibility Criteria

All possible publications were screened independently by
two reviewers. Duplicate records were excluded. Reviews,
conference abstracts, animal studies, mechanism studies,
and Phase I trials were also excluded. All publications that
did not involve tumors, VDAs, and clinical trials were
deleted. We deleted trials involving single-arm trials, non-
randomized control trials, treatments that were not eligi-
ble, and trials that did not have sufficient available data.
Two reviewers independently reviewed the full text manu-
scripts of the qualified trials, used standardized Excel
tables to extract data, and cross-validated the information.
If there was a disagreement, a third reviewer was recruited
to help resolve the problem.

Data Extraction

We collected the following data from the published trials:
first author, publication year, study design, randomization
method, basic characteristics of patients, tumor type,
experimental arm, and control arm. In cases where the
information was incomplete, we contacted the authors of
the article in order to obtain the missing data.

The main clinical evaluation indexes included objec-
tive response rate (ORR), disease control rate (DCR),
6-month progression-free survival (PFS) rate, 12-month
PFS rate, 0.5-year survival rate, and 1-year survival rate.

In this meta-analysis, the experimental arm included
patients who received VDA alone or VDA combined with
traditional therapy, while the control arm included patients
who received traditional therapy alone, or placebo com-
bined with traditional therapy.
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Quality Assessment and Publication Bias
The Cochrane System Evaluation Manual Intervention was
used to evaluate the quality of the randomized control
clinical trials.'”> Funnel plots were constructed to assess
the risk of publication bias. However, if fewer than 10
articles were assessed, there was no need to determine
publication bias.

Statistical Analysis

The meta-analysis was performed using RevMan software,
version 5.3 (The Cochrane Collaboration, London, UK).
We calculated the odds ratio (OR) and 95% confidence
interval (CI) of binary variables. The heterogeneity of the
included data was determined by chi-square test and
Higgins’ I statistics test.'® If P > 0.10 and I < 50%
indicated no heterogeneity, a fixed-effects model was
used for statistical assessment. If P < 0.10 or I* > 50%
a random-effects

indicated substantial heterogeneity,

model was used for statistical assessment. The overall
effect of the meta-analysis was Z-tested, with P < 0.05
considered to be a significant difference, P < 0.01 repre-
sented a high significant difference, and P > 0.05 was not
significant. In sensitivity analysis, single articles were
excluded and the meta-analysis was repeated to evaluate
the comprehensive effects.

Results

Search results

In our search of the literature, we found 492 possible
relevant publications: 150 of them were deposited in
Pubmed, 82 were from EMBASE, and 260 were from
the Cochrane Library. Figure 1 presents the processes
and reasons for study selection. Among the initial publica-
tions, 84 duplicates were excluded. After reading the title,
abstract, and full text, 8 randomized controlled trials were

included in the meta-analysis.'”*

Figure | PRISMA flow diagram of included studies.

)
Records identified through
_E database searching (n = 492)
E Pubmed: 150
= Embase: 82
E Cochrane Library: 260
=
| N
A
) Records after duplicates removed
(n = 408)
&
.E Records excluded (n = 298)
g ! —-reviews
“ --conference abstracts
Records screened | --animal studies
) (n=110) "| --mechanism studies
--phase | trials
() --not related to research
topics
A
=
% Full-text articles assessed Full-text articles excluded,
) for eligibility with reasons (n = 41)
u (n=49) --single-arm trials
--non-randomized control
_J trials
--treatment not eligible
) --no suffieient available data
A
B Studies included in
3 qualitative synthesis
E (n=8)
—

Notes: PRISMA figure adapted from Moher D, Liberati A, Altman D, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: explanation and elaboration. Journal of clinical epidemiology. 2009;62(10). Creative Commons.'*
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Table | Basic Characteristics of the 8 Trials Included in the Meta-Analysis

Study Year | Phase Cancer Type No. of Mean Treatment
Patients Age, R
Experimental Arm Control Arm
Year
Morgan et al'” 2020 I Epithelial ovarian, fallopian tube 21 585 Pazopanib + Pazopanib
or primary peritoneal carcinoma fosbretabulin
Garon et al'® 2016 Il Non-small-cell lung cancer 63 62.2 CAA4P + carboplatin + Carboplatin +
paclitaxel + paclitaxel +
bevacizumab bevacizumab
Monk et al'’ 2016 Il Epithelial ovarian, fallopian tube, 107 No Bevacizumab + Bevacizumab
or primary peritoneal carcinoma report | fosbretabulin
Von Pawel etal® | 2014 Il Non-small-cell lung cancer 176 61.5 Ombrabulin + Placebo +
chemotherapy chemotherapy
Rudin et al*! 2011 Il Non-small-cell lung cancer 165 62.3 ABT-751 + pemetrexed | Placebo +
pemetrexed
Lara et al*? 2011 11l Non-small-cell lung cancer 1299 61.5 ASA404 + carboplatin/ | Placebo +
paclitaxel carboplatin/
paclitaxel
De Bono etal® | 2010 1] Prostate cancer 755 67.5 Cabazitaxel Mitoxantrone
McKeage et al** | 2008 Il Non-small-cell lung cancer 73 235 ASA404 + carboplatin/ | Carboplatin/
paclitaxel paclitaxel

Study Characteristics

Table 1 lists the basic characteristics of the included stu-
dies. This meta-analysis included 2659 patients (1332 in
the experimental arms and 1327 in the control arms) from

8 randomized controlled trials.

Risk of Bias Assessment

All of the included trials used a randomized design, and
one trial provided details of the random sequence genera-
tion method. With regards to the blinding method, 3 trials
were double-blinded (in terms of subjects and clinicians or
therapeutic use) and 5 trials were designed to be openlabel.
With the exception of 2 trials that were not able to deter-
mine the efficacy and safety of the drug, the other 6 trials
reported pre-specified results. The detailed results of the

evaluation are shown in Figure 2A and B.

Efficacy Evaluation

Objective Response Rate

Eight studies reported a difference in the ORR between the
experimental arm and the control arm.'”** Moderate hetero-
geneity (P = 0.05, ¥ = 50%) was present, and a random-
effects model was used for statistical analysis (Figure 3A).

Using sensitivity analysis, we found that the heterogene-
ity changed after the exclusion of articles by de Bono et al
(P =0.49, ¥ = 0%).” These results indicated that this article
was the source of the heterogeneity, and we therefore
excluded this article and re-analyzed the data. A final total
of 7 studies were included in this study and a fixed-effects
model was adopted. The meta-analysis revealed no signifi-
cant difference in ORR between the experimental arm and
the control arm (OR 1.10, 95% CI 0.89-1.37, P = 0.37,
Figure 3B).

Disease Control Rate

Four studies reported a difference in the DCR between the
experimental arm and the control arm, with no heteroge-
neity (P = 0.87, I’ = 0%), and thus a fixed-effects model
was used for statistical analysis.'”?%?>** The meta-
analysis showed no significant difference in DCR between
the experimental arm and the control arm (OR 1.02, 95%
CI 0.83-1.26, P = 0.86; Figure 4).

Progression-Free Survival at 6 Months

Four studies reported a difference in the 6-month PFS rate
between the experimental arm and the control arm, and
there was mild but acceptable heterogeneity (P =0.15, I =
44%).17:18:2023 The fixed-effects model was used for
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Figure 2 Risk of bias graph (A) and risk of bias summary (B) for all included trials.

statistical analysis. Meta-analysis showed a high signifi- Progression-Free Survival at 12 Months

cant difference in the 6-month PFS rate between the Five studies reported a difference in the 12-month PFS rate
experimental arm and the control arm (OR 1.60, 95% CI  between the experimental arm and the control arm, without
1.18-2.16, P = 0.002; Figure 5). heterogeneity (P = 0.51, I = 0%)."""?*% The fixed-
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A Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup _ Events  Total Events Total Weight M-H. Random, 95% Cl - % Cl
de Bono 2010 29 201 9 204 15.4% 3.65[1.68, 7.93] =
EB 2016 16 24 10 23 9.3% 2.60[0.80, 8.49]
Lara 2011 160 649 160 650 27.7% 1.00 [0.78, 1.29]
McKeage 2008 10 32 6 27  9.4% 1.59 [0.49, 5.15] -1
Monk 2016 15 54 11 53 13.3% 1.47 [0.60, 3.58] -1
RD 2020 2 11 2 9 34% 0.78[0.09, 6.98]
Rudin 2011 5 83 1 81 3.5% 5.13[0.59, 44.89]
von Pawel 2014 27 84 26 83 18.0% 1.04 [0.54, 1.99] - T
Total (95% Cl) 1138 1130 100.0% 1.55 [1.01, 2.39] et
Total events 264 225 )

Heterogeneity: Tau? = 0.16; Chi? = 14.04, df = 7 (P = 0.05); I* = 50%

Test for overall effect: Z = 1.99 (P = 0.05) 0.01 0.1 1 10 100

Favours [experimental] Favours [control]

B Experimental Control Odds Ratio Odds Ratio
—Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% ClI -H. Fi 95% Cl
EB 2016 16 24 10 23 22% 2.60 [0.80, 8.49]
Lara 2011 160 649 160 650 76.8% 1.00 [0.78, 1.29]
McKeage 2008 10 32 6 27 29% 1.59[0.49, 5.15] -1
Monk 2016 15 54 11 53 5.1% 1.47 [0.60, 3.58] -
RD 2020 2 11 2 9 1.1% 0.78 [0.09, 6.98]
Rudin 2011 5 83 1 81 0.6%  5.13[0.59, 44.89]
von Pawel 2014 27 84 26 83 11.3% 1.04 [0.54, 1.99] -
Total (95% CI) 937 926 100.0% 1.10 [0.89, 1.37] *
Total events 235 216 ) )

Heterogeneity: Chi? = 5.40, df = 6 (P = 0.49); I>= 0%

Test for overall effect: Z = 0.90 (P = 0.37) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

Figure 3 Forest plot diagram of the objective response rate. (A) Forest plot diagram analysed using random-effects model. (B) Forest plot diagram analysed using fixed-effects model.

Experimental Control Odds Ratio Odds Ratio
i -H. Fi % Cl M-H. Eixliij, 95% Cl

Lara 2011 417 649 417 650 86.2% 1.00 [0.80, 1.26]
McKeage 2008 31 32 25 27 0.5%  2.48[0.21, 28.96]
Monk 2016 35 54 35 53 7.2% 0.95[0.43, 2.10] -1
von Pawel 2014 71 84 68 83 6.1% 1.20[0.53, 2.72] -1
Total (95% CI) 819 813 100.0% 1.02 [0.83, 1.26]
Total events 554 545 ) )

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chi? = 0.71, df = 3 (P = 0.87); 1= 0%
Test for overall effect: Z=0.18 (P = 0.86)

Figure 4 Forest plot diagram of the disease control rate.

Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
de Bono 2010 90 378 52 377 58.4% 1.95[1.34, 2.85] .
EB 2016 18 32 18 31 11.8% 0.93[0.34, 2.52] -1
RD 2020 7 11 3 10 1.7%  4.08[0.66, 25.38] ]
von Pawel 2014 28 88 28 88 28.1% 1.00 [0.53, 1.89] e
Total (95% CI) 509 506 100.0% 1.60 [1.18, 2.16] <&
Total events 143 101 ) )

Heterogeneity: Chi? = 5.34, df = 3 (P = 0.15); I = 44%

Test for overall effect: Z = 3.07 (P = 0.002) 0.1 Nk 1 10 L

Favours [experimental] Favours [control]

Figure 5 Forest plot diagram of the 6-month progression-free survival rate.
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Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% ClI
de Bono 2010 15 378 9 377 13.8% 1.69 [0.73, 3.91] B
EB 2016 4 32 7 31 99%  0.49[0.13, 1.88] B
Lara 2011 44 649 45 650 66.9%  0.98[0.64, 1.50] -
Monk 2016 9 54 53  8.0% 1.57 [0.52, 4.76] B
RD 2020 2 1 1 10 14%  2.00[0.15, 26.19]
Total (95% CI) 1124 1121 100.0%  1.09 [0.77, 1.53] L 4
Total events 74 68
Heterogeneity: Chiz = 3.28, df = 4 (P = 0.51); 1= 0% ’0_0 ] 0? ] ; 1’0 p 00’

Test for overall effect: Z = 0.49 (P = 0.63)

Figure 6 Forest plot diagram of the I2-month progression-free survival rate.

effects model was used for statistical analysis. However,
meta-analysis showed no significant difference in the
12month PFS rate between the experimental and the control
arms (OR 1.09, 95% CI 0.77-1.53, P = 0.63; Figure 6).

Survival Rate at 0.5 Years

Four studies reported a difference in the 0.5-year sur-
vival rate between the experimental arm and the con-
trol arm, with moderate heterogeneity (P 0.06,
P=59%).' 7182923 The random-effects model was used

for statistical analysis (Figure 7A). Using sensitivity

analysis, we found that the heterogeneity changed
after the exclusion of articles by Joachim von Pawel
et al (P =0.32, I’ = 11%),° suggesting this article was
the source of heterogeneity. After exclusion of this
article and re-analysis, we included 3 studies in this

A

Experimental Control

_Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% ClI

de Bono 2010 231 378 188 377 44.5%

EB 2016 26 32 23 31 17.3%

RD 2020 10 11 5 10 5.8% 1
von Pawel 2014 57 88 63 88 32.4%
Total (95% CI) 509 506 100.0%
Total events 324 279

Heterogeneity: Tau? = 0.20; Chi? = 7.27, df = 3 (P = 0.06); I> = 59%

Favours [experimental] Favours [control]

evaluation and adopted a fixed-effects model for statis-
tical analysis. Meta-analysis showed that there was
a high significant difference in the 0.5year survival
rate between the experimental arm and the control
arm (OR 1.63, 95% Cl 1.23-2.15, P 0.0006;
Figure 7B).

Survival Rate at | Year

Six studies reported a difference in the 1-year survival rate
between the experimental and control arms, without het-
erogeneity (P=0.54, F=0%).'72?>** The fixed-effects
model was thus used for statistical analysis. Meta-
analysis showed that there was a high significant differ-
ence in the lyear survival rate between the experimental
arm and the control arm (OR 1.43, 95% CI 1.11-1.84,
P =0.005; Figure 8).

Odds Ratio Odds Ratio
M-H, Random.95%CI
1.58 [1.18, 2.11] -
1.51[0.45, 4.99] — T
0.00 [0.91, 110.28] >
0.73[0.39, 1.38] —=—
1.36 [0.73, 2.52] -

0.01 0.1 10

o _ 1 100
Test for overall effect: Z = 0.97 (P = 0.33) Favours [experimental] Favours [control]
B . . .
Experimental Control Odds Ratio Odds Ratio
-H. Fi % Cl M:I:L_Eixﬂi5% Cl
de Bono 2010 231 378 188 377 93.8% 1.58 [1.18, 2.11]
EB 2016 26 32 23 31 5.6% 1.51[0.45, 4.99]
RD 2020 10 11 5 10 0.6% 10.00[0.91, 110.28] 4
Total (95% CI) 421 418 100.0%  1.63[1.23, 2.15] <&
Total events 267 216
Heterogeneity: Chi? = 2.25, df =2 (P =0.32); P =11% '0 01 0'1 1 1'0 100‘

Test for overall effect: Z = 3.43 (P = 0.0006)

Favours [experimental] Favours [control]

Figure 7 Forest plot diagram of the 0.5-year survival rate.(A) Forest plot diagram analysed using random-effects model. (B) Forest plot diagram analysed using fixed-effects model.
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Experimental Control

de Bono 2010 231 378 188 377 72.0%
EB 2016 16 32 18 31 9.0%
McKeage 2008 17 34 15 36 7.2%
Monk 2016 41 54 40 53 9.6%
RD 2020 3 11 1 10 0.7%
von Pawel 2014 0 88 1 88 1.5%
Total (95% CI) 597 595 100.0%

Total events 308 263
Heterogeneity: Chi? = 4.09, df = 5 (P = 0.54); I>= 0%
Test for overall effect: Z = 2.80 (P = 0.005)

Figure 8 Forest plot diagram of the |-year survival rate.

Discussion

Cancer is a major public health problem that threatens popu-
lation health worldwide. The occurrence, progression, inva-
sion, and eventual metastasis and spread of tumors to other
parts of the body depends to a large extent on the tumor
vascular network.”> Tumor vascular targeting drugs provide
a novel therapeutic strategy for cancer that is distinct from
more commonly used treatments that exert direct cytotoxic
effects on tumor cells.”® VDAs are a new class of tumor
vascular targeting drugs that are currently under clinical study.

A total of 8 publications were included for meta-
analysis to compare the efficacy of VDAs, VDAs com-
bined with traditional therapy versus placebo, or placebo
combined with traditional therapy, for the treatment of
different tumor types. The results from our study indicated
that, compared with the control therapies, the experimental
VDA-based strategies effectively improved the 0.Syear
and 1-year survival rates of cancer patients, and increases
the 6-month PFS rate. However, there was no significant
difference in ORR, DCR, or the 12-month PFS rate
between the experimental and control arms.

To the best of our knowledge, this study is the first
systematic review and meta-analysis of VDAs or VDAs
combined with traditional therapy in the treatment of
tumors. However, we did encounter some limitations to
our meta-analysis. Firstly, the number of studies included
in this analysis was relatively small, and the sample size
was also small. Secondly, the coverage of this study may
be insufficient in terms of drug types and tumor types.
Therefore, it will be necessary to perform more large-
sample, high-quality randomized controlled clinical trials
to provide stricter evidence regarding the therapeutic
effects of various VDA-based interventions, which will
in turn guide clinical practice regarding the use of these
drugs.

Odds Ratio
—Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI
1.58[1.18, 2.11]
0.72[0.27, 1.95]
1.40 [0.54, 3.60] N B
1.02[0.42, 2.48]
3.38[0.29, 39.32]
0.33[0.01, 8.20]

Odds Ratio
M-H, Fixed, 95% ClI
L 3

———

1.43[1.11, 1.84] L 2

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Conclusion

Our meta-analysis showed that the 0.5-year and 1-year sur-
vival rates of tumor vascular disrupting therapy were 64%
and 52%, respectively, effectively prolonging the survival
time of tumor patients. With respect to the 6-month PFS rate,
tumor vascular disrupting therapy increased by 7% com-
pared with traditional therapy, and improved the quality of
life of tumor patients. However, we did not observe
a significant advantage to the use of VDAs in short-term
efficacy indexes such as ORR and DCR. Therefore, it is
necessary to carry out more large-sample, high-quality clin-
ical trials to confirm the effectiveness of VDAs.
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