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Abstract. - OBJECTIVE: Inhibition of angio-
genesis has been regarded as an attractive treat-
ment strategy for advanced or recurrent ovarian
cancer. We conduct this meta-analysis to investi-
gate the risk of adverse events of special inter-
est related to angiogenesis inhibitors (Als) in
ovarian cancetr.

PATIENTS AND METHODS: Databases from
PubMed, Web of Science and Cochrane library up
to December 2015 were searched to identify rele-
vant studies. Eligible studies included prospec-
tive randomized controlled phase I/l clinical tri-
als evaluating therapy with or without Als for
ovarian cancer. Summary relative risk (RR) and
95% confidence intervals (Cls) were calculated
using random-effects or fixed-effects according
to the heterogeneity among included trials.

RESULTS: A total of 7,761 patients from ten
clinical trials were included in the meta-analysis.
Pooled RR showed that the use of Als was asso-
ciated with a statistically increased risk in four of
the adverse outcomes studied: arterial throm-
boembolic events (RR = 2.0), gastrointestinal (Gl)
perforation (RR = 3.86), proteinuria (RR = 2.44),
and hypertension (RR = 5.39). No statistically sig-
nificant differences were found for hemorrhagic
events (p = 0.07), venous thromboembolic events
(p = 0.13), or fatal adverse events (p = 0.26).

CONCLUSIONS: The addition of Als to therapy
in ovarian cancer did significantly increase the
risk of arterial thromboembolic events, Gl perfo-
ration, proteinuria and hypertension, but not for
venous thromboembolic events, hemorrhagic
events, or fatal adverse events.
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Introduction

Ovarian cancer is the fourth most common
cause of cancer-related deaths in women, with an
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estimated 200,000 cases and 125,000 deaths oc-
curring annually worldwide!. Most patients have
advanced disease at the time of diagnosis, and
are therefore incurable with surgery alone. The
prognosis for advanced ovarian cancer is dismal.
For the past decade, platinum/paclitaxel combi-
nation therapy is the standard treatment for ad-
vanced ovarian cancer>®. Although most ovarian
cancer patients initially have good responses to
platinum/paclitaxel combinations, almost all pa-
tients have disease recurrence or progression.
Obviously, it is necessary to develop novel agents
and combination regimens to achieve greater sur-
vival benefits for ovarian cancer.

In the past decades, a better understanding of
the molecular events involved in the tumor angio-
genesis of ovarian cancers has led to development
of novel targeted agents for the management of
advanced and recurrent disease. Currently, beva-
cizumab, an antibody targeting VEGF, has been
approved for use in advanced ovarian cancer due
to its potential survival benefits*>. Other novel an-
giogenesis inhibitors (Als), such as nintedanib,
sorafenib, pazopanib and cediranib, are currently
being under investigation®®. Thus, the use of Als
in ovarian cancer is expected to increase in the
near future, and it would be useful for clinicians
to clearly know the severe adverse events (AEs)
related to Als in the treatment of advanced ovari-
an cancer. Although Als are generally regarded as
well-tolerated, angiogenesis inhibition related
toxicity profile has been reported with the most
common AEs being hypertension!®!8, protein-
uria'®?®, and hemorrhagic events®'**. However, to
our best knowledge, there is no specific systemat-
ic review and meta-analysis focusing on the ad-
verse events (AEs) associated with Als in ovarian
cancer. We, therefore, conduct this comprehensive
meta-analysis of randomized controlled trials to
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assess the overall risk of severe AEs related to Als
in the treatment of advanced and recurrent ovari-
an cancer.

Patients and Methods
Data Sources

Selection of Studies

The Cochrane Central Register of Controlled
Trials (CENTRAL), PubMed (up to December
2015), and Web of Science (up to December 2015)
databases were searched for articles using “beva-
cizumab”, “avastin”, “angiogenesis inhibitors”,
“sorafenib”, “sunitinib”, “vandetanib”, “pa-
zopanib”, “cediranib”, “axitinib”, “nintedanib”,
“aflibercept”, “ovarian cancer”, “prospective”,
“randomized controlled trial” and “humans”. We
also searched abstracts and virtual meeting presen-
tations from the American Society of Clinical On-
cology (http://www.asco.org/ASCO) conferences
that took place between Jan 2004 and Jan 2015.
Each publication was reviewed and in cases of du-
plicate publication only the most complete, recent,
and updated report of the clinical trial was includ-
ed in the meta-analysis.

To assess the relationship between the use of
Als and clinically significant adverse events, we
studied AEs classified as grade =3 by the NCI-
CTC. To be included in the meta-analysis, a
study had to satisfy the following requirements:
(1) prospective randomized controlled trial of pa-
tients with advanced or recurrent ovarian cancer;
(2) participants assigned to treatment with or
without Als; (3) available data regarding adverse
outcomes of interest (grade = 3 AEs of ATEs,
VTEs, proteinuria, hypertension, GI perforation,
hemorrhagic events and fatal adverse events) and
sample size.

Data extraction and clinical end points

Data extraction and analysis were conducted
independently by two independent investigators
and any discrepancy between the reviewers was
resolved by consensus according to the Quality
of Reporting of Meta-Analyses (QUOROM)
guidelines®.

For each study, the following information was
extracted: first author, year of publication, trial
phase, treatment arms, number of patients in
treatment and controlled groups, median age,
median progression-free survival, adverse out-
comes of interest (grade = 3 AEs of ATEs, VTEs,

proteinuria, hypertension, GI perforation, hemor-
rhagic events and fatal adverse events), and
dosage of angiogenesis inhibitors.

Statistical Analysis

To calculate relative risk (RR), patients as-
signed to Als were compared only with those as-
signed to control treatment in the same trial. For
each meta-analysis, the Cochran Q statistic and I
score were first calculated to determine hetero-
geneity among the proportions of the included
trials?*?’. For p < 0.10 values of the Cochran Q
statistic, the assumption of homogeneity was
deemed invalid and a random-effects model was
reported®®. Otherwise, results from the fixed-ef-
fects model were reported. Finally, potential pub-
lication biases were evaluated for severe AEs us-
ing Begg’s and Egger’s tests®. A two-tailed p-
value of < 0.05 without adjustment for multiplic-
ity was considered statistically significant. The
results of the meta-analysis were reported as
classic forest plots. The Jadad scale was used to
assess the quality of included trials based on the
reporting of the studies’ methods and results. All
statistical analyses were performed by using Ver-
sion 2 of the Comprehensive MetaAnalysis pro-
gram (Biostat, Englewood, NJ, USA).

Results

Search Results

A total of 113 studies were identified from the
database search, of which 15 reports were re-
trieved for full-text evaluation. Ten trials met the
inclusion criteria and were included in this sys-
tematic review*>3%37 (Figure 1). Table I showed
the baseline characteristics of the included stud-
ies. Overall, a total of 7761 patients from ten tri-
als were included. Seven trials were double-
blinded, randomized, placebo-controlled trials,
thus had a Jadad score of 5. The other three trials
had a Jadad score of 3. Table II described the dis-
tribution of the number of patients and associated
reported AEs in each of the treatment arms for
each of the included studies.

Heterogeneity

No observed heterogeneity for VTEs, ATEs,
GI perforation, proteinuria, hemorrhagic events
or fatal adverse events was found excepting for
hypertension (> = 68.0%, p = 0.002, Table II).
We thus used random-effect model to pool the
risk of hypertension related to Als.
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Published articles identified

through database searching (n=113)

A

Full text articles included for
analysis (n=15)

Trials primarily excluded (n=98)
Duplicated reports;
Pharmacokinetic, Phase I trials,

,| Case reports; single arm phase II trials;

Observational studies,
Commentaries or Letters,

Not neoplastic disease publications

Trials excluded (n=5):
Both arm included Als (n=2),

Trials did not reported toxicities
of special interest for Als (n=3)

Eligible trials for meta-analysis
(n=10)

Figure 1. Studies eligible for inclusion in the meta-analysis.

Table I. Baseline characteristic of included 10 trials for analysis.

Line of No. of Median Median Median
Author/year Phase treatment patients Treatment regimens age, y PFS, m OS, m
Burger RA et al/2011 111 First-line 1873 Bevacizumab-initiation +PTX+CBP 60 11.2 393
Bevacizumab-throughout +PTX+CBP 60 10.3 38.7
Placebo +PTX+CBP 60 14.1 39.7
Perren T1J et al/2011 I First-line 1528 Bevacizumab 2.5 mg/kg/wk+PTX+CBP 57 19 NR
PTX+CBP 57 17.3 NR
Karlan BY et al/2012 I Second-line 161 AMG 386 10 mg/kg+PTX 59 7.2 NR
AMG386 3 mg/kg+PTX 60 5.7 NR
Placebo +PTX 62 4.6 NR
Gotlieb WH et al/2012 I Second-line 55 Aflibercept 4 mg/kg 60 1.4 3
Placebo 53.5 0.6 3.7
Aghajanian C et al/2014 11T Second-line 484  Bevacizumab 5 mg/kg/wk+chemotherapy 61 124 352
Placebo +chemotherapy 60 8.4 333
du Bois A et al/2014 I Maintenance 940 Pazopanib 800 mg qd po 56 17.9 NR
Placebo 57 12.3 NR
Monk BJ et al/2014 111 Second-line 919  Trebananib 15 mg/kg+PTX 60 7.2 19
Placebo +PTX 59 54 17.3
Pujade-Lauraine E I Second-line 361 Bevacizumab 5 mg/kg/wk+chemotherapy 62 6.7 16.6
et al/2014 Chemotherapy 61 34 133
Pignata S et al/2015 I Second-line 74 Pazopanib 800 mg qd po +PTX 58 6.35 19.1
PTX 56 3.49 13.7
du Bois A et al/2015 111 First-line 1366 Nintedanib 200 mg bid po+ PTX+CBP 58 17.2 NR
Placebo +PTX+CBP 58 16.6 NR

Abbreviations: NR, not reported; PES, progression free survival; PTX, paclitaxel; CBP, carboplatin.
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Table II. Relative risk of adverse outcomes for clinical trials included in the meta-analysis.

No. of patients (n)

Incidence, % (95%)

Adverse outcome Trials Als, Controls, Relative risk
(grade = 3) (n) | Events/total events/total Als Controls P (95%) P

ATEs 8 52/4331 21/3186 1.3(0.7-2.2) 0.9 (0.6-1.3) 0%  2.0(1.21-3.31) 0.007
VETs 10 178/3921 10172786 4.4 (3.3-5.8) 3.8(2.7-5.3) 0% 1.20(0.95-1.52) 0.26
GI perforation 8 41/2706 8/2185 1.9 (1.1-3.0) 0.6 (0.3-1.2) 0% 3.86(1.83-8.17) <0.001
Hypertension 347/3183 59/2646 9.3(4.8-17.5) 1.8(0.9-3.8) | 68% 5.39(2.80-10.35) <0.001
Proteinuria 7 63/3429 22/2736 1.8 (0.8-4.0) 1.0(0.5-2.2) | 37% 2.44(1.51-3.94) <0.001
Hemorrhagic events 4 20/1782 6/1283 1.2 (0.8-1.9) 0.7 (0.3-1.4) 0% 224 (0.93-5.40) 0.072
FAEs 10 52/4398 29/3247 1.3(0.7-2.3) 1.1 (0.8-1.6) 0%  1.31(0.82-2.07) 0.26

I =2 50% suggests high heterogeneity across studies. Abbreviation: Als, angiogenesis inhibitors; ATEs, arterial thromboembolic
events; VETSs, venous thromboembolic events; GI perforation, gastrointestinal perforation; FAEs, fatal adverse events;

AEs Reported in Trials and Pooled Effects

Venous and Arterial
Thromboembolic Events

A total of nine trials reported VTEs data. The
pooled incidence of VTEs was 178 (4.4%) in
Als arms and 101 (3.8%) in control arms. The
pooled RR showed that the use of Als did not
increase the risk of VTEs when compared to
controls (RR = 1.20; 95% CI 0.95-1.52; p =
0.26; Figure 2A).

A total of 73 patients with ATEs was reported,
52 (1.3%) in Als arms and 21 (0.9%) in control
arms. The RR among the included studies ranged
from 0.791 to 9.10. And the pooled results found
a significantly increased risk of ATEs associated
with Als using a fixed effect model [RR=2.00;
95% confidence interval (CI) 1.21-3.31; p =
0.007, Figure 2B].

Gl Perforation

Eight of ten trials reported GI perforation data
with 41 (1.9%) patients in Als arms, and 8
(0.6%) in control arms. We also observed an in-
creased risk of GI perforation with Als-contain-
ing regimens using a fixed effect model (RR =
3.86;95% CI: 1.83-8.17, p < 0.001, Figure 2C).

Proteinuria

Seven trials reported severe proteinuria with
63 (1.8%) patients in the Als arms, while 22
(1.0%) were observed in the control arm. The
pooled RR showed that the use of Als signifi-
cantly increased the risk of proteinuria when
compared to controls with RR = 2.44, (95%CI:
1.51-3.94, p < 0.001) (Figure 2D).

Hypertension

Nine trials reported hypertension data with a
total of 406 patients experiencing grade =3 hy-
pertension. The pooled prevalence of severe hy-
pertension was more frequently (9.3%) in Als
group than those in the control group (1.8%).
The pooled RR was 5.39 (95% CI 2.80-10.35; p
< 0.001) using a fixed-effect model (Figure 2E).

Hemorrhagic Events

A total of 26 severe hemorrhagic events were re-
ported in four included trials; 20 (1.2%) in Als
arms and 6 (0.7%) in control arms. This conferred
an overall RR of developing hemorrhagic events of
2.24 (95% CI: 0.93-5.40, p = 0.072) (Figure 2F).

Grade 5 Toxicities

There was no fatal adverse event reported in
the trial conducted by Pignata S. et al®. A total of
81 patients with FAEs was reported in other nine
trials, 52 (1.3%) in Als arms and 29 (0.8%) in
control arms. This conferred a pooled RR of de-
veloping grade 5 events of 1.31 (95% CI 0.82-
2.07; p = 0.26) (Figure 3).

Publication Bias

No publication bias was detected for the AEs
studied excepting for hypertension by either the
Begg or Egger tests (Begg’s test, p = 0.044; Eg-
ger’s test, p = 0.07, Table III).

Discussion

Tumor angiogenesis is a fundamental process
for the tumor growth as it ensures oxygen and
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Studies Estimate (95% C.I.) Ev/Trt
Burger RA. etal 2011 1.032 (0.698, 1.525) 73/1215
Perren T.J. etal 2011 2.488 (1.316, 4.702) 32/745
KarlanB.Y. etal 2012 0.524 (0.158, 1.732)  5/105
Gotlis WH. et al 2012 4.194 (0.211, 83.495)  2/30

Aghajanian C. et al 2012 1.572 (0.581, 4.257) 10/247
Monk B.J. et al 2014 1.673 (0.932, 3.001) 29/461
Pujade-Lauraine E. etal 2014 0.632 (0.211, 1.895)  §/179
Pignata S. et al 2015 0.973 (0.063, 14.971)  1/37

duBoisA. etal 2016 0.655 (0.345, 1.242) 21/902

Overall (12=45% , P=0.071) 1.201 (0.949, 1.521) 178/3%21

Overall (*2=0% , P=0.684) 3.864 (1.828,

Studies Estimate (95% C.I.) Ev/Trt
Burger RA. etal 2011 0.791 (0.260, 2.409) 8/1215
PerrenT.J. etal 2011 2.021 (0.953, 4.289) 20/745
Karlan B.Y. et al 2012 2.642 (0.129, 54.074) 2/105
Aghajanian C. et al 2012 3.302 (0.693, 15.731) 7/247
duBois A. et al 2014 2.900 (0.118, 70.991) 1/4m
Monk B.J. etal 2014 0.980 (0.199, 4.832) 37461
Pujade-Lavraine E. et 2l 2014 9.100 (0.494, 167.786) 4/179
duBois A. et al 2016 3.492 (0.431, 28.297) 7/902
Overall (*2=0% , P=0.632) 2.004 (1.214, 3.307) 52/4331
Studies Estimate (95% C.I.) Ev/Trt
Perren T.J. etal 2011 3.369 (0.931, 12.193) 10/745
KarlanB.Y. et al 2012 0.176 (0.007, 4.252) 0/105
Gotieb WH. etal 2012 2.500 (0.277, 22.563) 3/30
Aghajanian C. et al 2012 0.944 (0.019, 47.355) 0/247
Monk B.J. etal 2014 6.863 (0.848, 55.558) 7/461
Pujade-Lauraine E. etal 2014 7.078 (0.368, 136.036) 3/179
Pignata S. et al 2015 2.921 (0.123, 69.430) 1737
duBois A. etal 2016 4.241 (0.984, 18.274) 17/902
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Figure 2. Risk of severe adverse outcomes associated with Als treatment compared with control treatment [All graphs
show risk ratio (RR) for each study and summary RR obtained for fA] venous thromboembolic events (VTEs), (B) arterial
thromboembolic events (ATEs), (C) GI perforation, (D) proteinuria, (E) hypertension, (F) hemorrhagic events]. The size of
squares corresponds to the weight of the study in the meta-analysis. The diamond plot represents the overall results of the

included trials.
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Figure 3. Risk of fatal adverse events associated with Als treatment compared with control treatment.
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Table Ill. Publication bias Begg and Egger test (p-value).

Begg Egger
ATEs 0.46 0.59
VETs 0.80 0.98
GI perforation 0.19 0.53
Hypertension 0.88 0.45
Proteinuria 0.044 0.07
Hemorrhagic event 0.60 0.84
Fatal adverse event 0.38 0.43

nutrients supply to proliferating cells through the
development of new blood vessels, which might
cause tumor progression and metastasis. As a re-
sult, angiogenesis is a valid target in the treat-
ment of solid tumors including ovarian cancer.
Although Als are generally well tolerated, these
drugs have been reported with a higher risk of se-
vere AEs. However, it has been difficult to assess
these toxicities in individual randomized clinical
trials due to the limited sample size for analysis.
We thus carry out this meta-analysis of ten ran-
domized clinical trials with a total of 7761 pa-
tients to investigate the relationship between
those AEs and Als use. The pooled results show
that the addition of Als to therapy in ovarian can-
cer is associated with a significantly increased
risk of developing grade = 3 ATEs, GI perfora-
tion, proteinuria, and hypertension in comparison
with controls, while no significant relationship is
found between Als use and risk of fatal adverse
events, hemorrhagic events, or VTEs.

The study of hypertension shows the highest
RR with 7.55, and this event is clinically signifi-
cant for ovarian cancer. As we know, severe hy-
pertension including hypertensive crisis may
cause significant cardiovascular damage with a
possible life-threatening consequence, and limit
the use of Als. Therefore, it is particularly impor-
tant for all clinicians to monitor and treat hyper-
tension in a timely manner and appropriately to
prevent long-term complications from toxicities.
We also find that the use of Als significantly in-
creases the risk of severe proteinuria, which is
consistent with previously published meta-analy-
ses!*203_ The clinical significance of severe pro-
teinuria is evident, because severe proteinuria
may cause significant morbidity with a possible
consequence of renal failure and fatality. Addi-
tionally, severe proteinuria may also limit the use
of Als, thereby compromising its efficacy. Thus,
clinicians should recognize the risk of proteinuria
with appropriate vigilance and management. GI

perforation is a rare but serious adverse events
associated with Als. In present study, we find the
use of Als significantly increases the risk of GI
perforation in ovarian cancer patients. Based on
our findings, it is recommended to consider the
number of prior chemotherapy regimens and ab-
dominal surgeries in ovarian cancer patients and
to exclude tumor involvement of the bowel by
physical examination and CT-scan upon start of
treatment with angiogenesis inhibitors*. Endo-
scopic evaluation is advised in patients with
symptoms possibly related to GI ulcer during
treatment*’. Interestingly, although previous
meta-analyses have shown a higher risk of hem-
orrhagic events with Als, our study does not find
a significantly increased risk of hemorrhagic
events associated with Als in ovarian cancer. One
possible explanation for this is that there is lack
of included trials reporting severe hemorrhagic
events with a total of four trials including for
analysis.

Several previous meta-analyses*'"*” have
shown an increased risk of vascular events (ATEs
and VTEs) associated with Als. However, all of
these studies include all tumor types to describe
the risk of these AEs, and it is unclear whether
the use of Als would increase the risk of vascular
events in ovarian cancer patients. In our study fo-
cusing on ovarian, no significant association is
found between Als usage and risk of venous
thromboembolic events, while the use of Als sig-
nificantly increase the risk of severe arterial
thromboembolic events. Additionally, grade 5 fa-
tal adverse outcomes are rare and more frequent
in the Als arm than in the control arm (1.3% vs.
1.1%, respectively). However, the use of Als
does not significantly increase the risk of FAEs
in ovarian cancer, thus the use of Als remains
justified in these patients.

Our study has several limitations needed to be
considered. First, our study is a study-level meta-
analysis, and individual patient information is not
available. Thus, confounding variables at the pa-
tient level, such as co-morbidities, concomitant
medications, specific age and previous therapies
could not be incorporated into the analysis. Sec-
ond, we include patients treated with different
Als. While each of these drugs targeting angio-
genesis pathway, these drugs have different po-
tencies, which might increase the heterogeneity
among studies. Third, toxicity data in RCTs have
been reported to be suboptimal and variable as
toxicity is usually not the primary outcome mea-
sure. Furthermore, there is some degree of sub-
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jectivity in the process by which investigators in
trials adjudicate whether a patient’s death was the
result of an adverse event, cancer progression or
other unrelated causes. Finally, as in all meta-
analyses, our results may be biased as a result of
potential publication bias. However, a funnel plot
evaluation for the severe AEs does not indicate
publication bias excepting for proteinuria.

Conclusions

The addition of bevacizumab to therapy in ad-
vanced or recurrent ovarian cancer is associated
with a statistically increased risk of arterial
thromboembolic events, GI perforation, protein-
uria and hypertension. However, no significantly
increased risk of venous thromboembolic events,
hemorrhagic events, or fatal adverse events is ob-
served in ovarian cancer receiving Als-containing
regimens. These observations may aid medical
oncologists in weighing up the risks and benefits
associated with Als in treating patients with ad-
vanced or recurrent ovarian cancer.
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