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Objective: The value of antiangiogenic inhibitors for patients with recurrent ovarian cancer
has not been completely affirmed. Therefore, we aimed to assess the effectiveness and toxicities
of various antiangiogenic drugs for the treatment of recurrent ovarian cancer.

Methods: In this meta-analysis, we searched PubMed, EMBASE, and the Cochrane Central Reg-
ister of Controlled Trials databases for complete randomized controlled trials. The searches were
extended to May 15, 2016. The risk of bias of the included studies was evaluated via a Cochrane
systematic evaluation, and the statistical analyses were performed using RevMan 5.2 software.
Results: In total, we included 8 randomized controlled trials involving 3,211 patients and
divided them into 3 groups, vascular endothelial growth factor receptor inhibitors (VEGFRIs),
vascular endothelial growth factor (VEGF) inhibitors (bevacizumab), and angiopoietin inhibi-
tors (trebananib). The progression-free survival improved significantly in all the groups being
given antiangiogenic drugs (hazard ratio [HR]: 0.55, 95% confidence interval [CI]: 0.45-0.67,
P=0%, P<<0.00001 for the VEGFRI group; HR: 0.53, 95% CI: 0.45-0.63, ’=51%, P<<0.00001
for the VEGF inhibitor group; HR: 0.67, 95% CI: 0.58-0.77, ’=0%, P<<0.00001 for the treba-
nanib group). Overall survival was obviously prolonged in the VEGFRI (HR: 0.76, 95% CI:
0.59-0.97, P=0%, P=0.03), the VEGF inhibitor (HR: 0.87, 95% CI: 0.77-0.99, ’=0%, P=0.03),
and trebananib groups (HR: 0.81, 95% CI: 0.67-0.99, ’=0%, P=0.04). The incidence of grade
3/4 side effects was different among the 3 groups, for example, proteinuria, hypertension,
gastrointestinal perforation, and arterial thromboembolism were presented in the VEGF inhibitor
group. Increased incidences of fatigue, diarrhea, and hypertension were seen in the VEGFRI
group, and the trebananib group had a higher incidence of hypokalemia.

Conclusion: This meta-analysis showed that antiangiogenic drugs improved the progression-
free survival. The VEGFRI, bevacizumab, and trebananib groups showed increased overall
survival. Adding antiangiogenic drugs to chemotherapy treatment resulted in a higher incidence
of grade 3/4 side effects, but these were manageable.

Keywords: antiangiogenesis, recurrent ovarian cancer, progression-free survival, overall

survival, toxicity

Introduction

Currently, ovarian cancer is the leading cause of cancer-related death in middle-aged
and elderly females.! Despite the significantly improved prognosis of advanced ovarian
cancer, it will recur in >50% of women within 18-24 months.? The treatment of
relapsing ovarian cancer mainly consists of a single or a combination of intravenous
chemotherapy. The addition of antiangiogenic drugs in the treatment of relapsed
ovarian cancer has not yet been fully defined.’
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According to our search results, 8 randomized controlled
trials (RCTs) have been conducted on this topic.* ! To the best
of our knowledge, there are 2 pathways for neovasculariza-
tion, including the vascular endothelial growth factor (VEGF)
and angiopoietin pathways. VEGF signaling through VEGF
receptors (VEGFRs) activated downstream signal transduction
molecules phospholipase C-y(PLC-y), PI3K, Akt, Ras, Src, and
MAPK and regulated cell proliferation, migration, survival, and
vascular permeability.!®12"> Therefore, we divided these RCTs
into 3 groups, including a VEGF receptor inhibitor (VEGFRI)
group, VEGF inhibitor group, and angiopoietin group.

Several meta-analyses have been conducted on a single
antiangiogenic drug or advanced ovarian cancer. However,
this meta-analysis aimed to estimate the efficacy and toxicity
of various antiangiogenic drugs for the treatment of patients
with recurrent ovarian cancer.

Methods

The PubMed, EMBASE, and Cochrane Central Register
of Controlled Trials databases were comprehensively
searched from January 2000 to May 2016, without lan-
guage restrictions. The search was limited to RCTs with or
without antiangiogenic therapy for recurrent ovarian can-

CEINNT3

cer. The search terms included “ovarian cancer”, “ovarian

9%

ovarian tumor”,

9

carcinoma”,

EEINNT3

ovarian neoplasm”, angio-

G

genesis”,
Abstracts from the annual meetings of the American Society

angiogenic”, and “randomized controlled trial”.

of Clinical Oncology, the European Society of Medical
Oncology, and the Society of Gynecologic Oncology from
within the past five years were also searched.

Study selection and inclusion criteria

The inclusion criteria were as follows: 1) the research subjects
were patients with recurrent ovarian cancer, including
platinum-sensitive and platinum-resistant patients; 2) che-
motherapy interventions with or without antiangiogenic
drugs; and 3) RCTs. The articles were obtained for an inde-
pendent assessment of eligibility by 2 of the authors (SY
Yi and LJ Zeng). A difference of opinion was resolved via
consultation with a third author (Y Kuang), if necessary.

Data extraction and quality assessment

Two of the authors (SY Yi and LJ Zeng) independently
extracted the data on the basis of the following: first author, year
of publication, age, pathology, sample size, intervention, and
outcome data. As shown in Figure 1, we assessed the quality of
the eligible studies according to the Cochrane Collaboration’s
risk of bias tool in the Cochrane Handbook for Systematic

Aghajanian et al®

-~ ‘ Blinding of participants and personnel (performance bias)
-~ ‘ Blinding of outcome assessment (detection bias)

- ‘ Allocation concealment (selection bias)

Coleman et al®

Karlan et al™

Ledermann et al*

-~

Ledermann et al®

Monk et al

Pignata et al®

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Selective reporting (reporting bias)

) ‘ ‘ ‘ ‘ ‘ ‘ ‘ Incomplete outcome data (attrition bias)
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Other bias

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Random sequence generation (selection bias)
~ 909 9 ®

~ 9090 ®

Pujade-Lauraine et al”

Figure | Assessment of the quality of the included randomized controlled trials:
low risk of bias (green hexagons), unclear risk of bias (yellow hexagons), and high
risk of bias (red hexagons).

Reviews of Interventions 5.1.0. We resolved any disagreements
by discussing them with a third review author (Y Kuang).

Statistical analysis

The pooled hazard ratios (HRs) and 95% confidence interval
(95% CI) for the progression-free survival (PFS) or overall
survival (OS) and the relative risks (RRs) for adverse events
from all the articles were calculated using RevMan 5.2. The
heterogeneity among the studies was estimated using the
P index. We use the fixed-effects model if =50%, other-
wise the random-effects model was applied. The statistical
analyses were performed using the RevMan 5.2 software.

Results

Search and study characteristics

The search process of this study is presented in Figure 2, and the
characteristics of the RCTs used are presented in Table 1. After
searching the literature, only 8 RCTs containing 3,211 patients
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Articles identified through
PubMed, EMBASE, and Cochrane
database searches (n=568)

\ 4

Potentially relevant studies
screened (n=58)

Records excluded by titles and
abstracts after first screening

A4

h 4

Full-text articles assessed for
eligibility (n=21)

Reasons articles were excluded:

e non-RCT

o duplicate studies

e ongoing trial

o review, editorial

¢ included advanced ovarian cancer
* no antiangiogenesis drugs

* no chemotherapy group control

h 4

7 studies included

Reasons studies were excluded:
e non-RCT

¢ no data available

o duplicate studies

A

A

8 studies included in meta-analysis

Figure 2 Flowchart showing study selection procedure.
Abbreviation: RCT, randomized controlled trial.

with recurrent ovarian cancer were included in this analysis.
We divided them into the following 3 groups according to the
different active targets of the antiangiogenic drugs: 3 RCTs
with VEGFRIs,** 3 RCTs with VEGF inhibitors,” and
2 RCTs with angiopoietin inhibitors.!®!" One RCT applied
antiangiogenic drugs during the maintenance phase,* but the
other drugs were fully employed from the beginning of therapy
to disease progression in the other 7 RCTs. The evaluation
of the quality of the RCTs included in this study is shown in
Figure 1. We were not concerned about publication bias due
to the fact that only 8 articles were included.'

PFS

A random-effects model was applied with high heterogene-
ity, and all the RCTs included reported the HRs and 95%

Identified potentially relevant
RCT from meeting abstract

CIs of the PFS. As illustrated in Figure 3, compared with
chemotherapy alone, the PFS improved significantly in
all the groups, as follows: HR: 0.55, 95% CI: 0.45-0.67,
’=0%, P<<0.00001 for the VEGFRI group; HR: 0.53, 95%
CI: 0.45-0.63, ’=51%, P<<0.00001 for the VEGF inhibitor
group; and HR: 0.67,95% CI: 0.58-0.77, P=0%, P<<0.00001
for the trebananib group.

oS

The OS was determined by using a fixed-effects model attrib-
uted to low heterogeneity among the studies. Only 1 study
did not report the OS.> The OS was obviously prolonged in
the VEGFRI (HR: 0.76, 95% CI: 0.59-0.97, ’=0%, P=0.03),
the VEGF inhibitor group (HR: 0.87, 95% CI: 0.77-0.99,
P=0%, P=0.03), and the trebananib group (HR: 0.81, 95%
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CIL: 0.67-0.99, ’=0%, P=0.04). The outcomes are shown
in Figure 4.

Toxicity (adverse effect grade =3,

except gastrointestinal perforation [GIP]
grade =1)

As presented in Figure 5, the rates of hypertension (RR: 3.68,
95% CI: 1.49-9.07, ’=0%, P=0.005), fatigue (RR: 2.08, 95%
CI: 1.11-3.87, P=0%, P=0.02), and diarrhea (RR: 5.31,95%
CL: 1.75-16.16, ’=0%, P=0.003) were numerically higher
in the VEGFRI treatment group. In addition, the nintedanib
as a VEGFRI was associated with higher incidences
of hepatotoxicity (RR: 20.47, 95% CI: 2.89-144.88,
P=0.003).

With regard to the VEGF inhibitor group, the proteinu-
ria (RR: 15.64, 95% CI: 4.87-50.23, ’=0%, P<<0.00001),
hypertension (RR: 12.44, 95% CI: 3.62-42.79, ’=32%,
P<0.0001), arterial thromboemboli (RR: 4.84, 95% CI:
1.24-18.91, I*=0%, P=0.02), and GIP (RR: 3.62, 95% CI:
2.09-6.26, ’=0%, P<<0.00001) were significantly different
(Figure 6).

As shown in Figure 7, the trebananib treatment may cause
a higher risk of hypokalemia (RR: 2.25, 95% CI: 1.16-4.35,
P=0%, P=0.02).

Subgroup analysis

We divided the RCTs into 2 subgroups, 2 RCTs with
platinum-resistant>” and 3 RCTs with platinum-sensitive.*?
As shown in Figure 8, the PFS improved significantly both
the platinum-resistant and the platinum-sensitive recur-
rent ovarian cancer (HR: 0.47, 95% CI: 0.38-0.58, I’=0%,
P<<0.00001 for the platinum-resistant group; HR: 0.56, 95%
CI: 0.50-0.63, P=26%, P<<0.00001 for the platinum-sensitive
group). As presented in Figure 9, the OS was clearly better in
the platinum-sensitive group (HR: 0.86, 95% CI: 0.76—0.99,
P=0.03), with no obvious statistical significance for OS in
the platinum-resistant group (HR: 0.81, 95% CI: 0.65-1.02,
P=2%, P=0.07).

Discussion

Ovarian cancer is the leading cause of cancer deaths in
women,' and many patients with advanced ovarian cancer
will undergo recurrences with chemotherapy resistance.
Ovarian carcinoma is a complicated disease, controlled by
multiple mutating genes, and there are no clear molecular
therapeutic targets. Therefore, a new promising therapy
targeting the tumor microenvironment has been proposed.
Neovascularization is crucial for tumor growth and
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Study or Log (hazard ratio) SE Weight Hazard ratio Year Hazard ratio
subgroup (%) IV, random, 95% CI IV, random, 95% CI
VEGFRIs
Ledermann et al* —0.43078292 0.22635286 20.0 0.65 (0.42, 1.01) 2011 —m|
Pignata et al® —-0.86750057 0.25898742 15.2 0.42 (0.25, 0.70) 2015 -
Ledermann et al® —-0.5798185 0.12563176 64.8 0.56 (0.44, 0.72) 2016 [ |
Subtotal (95% CI) 100 0.55 (0.45, 0.67) 4
Heterogeneity: 7=0.00; y?=1.65, df=2 (P=0.44); I>=0%

Test for overall effect: Z=5.87 (P<0.00001)
Bevacizumab
Pujade-Lauraine et al” —0.73396918 0.11652 294 0.48 (0.38, 0.60) 2014 =
Aghajanian et al® —0.72567037 0.11332222  30.3 0.48 (0.39, 0.60) 2015 =
Coleman et al® —0.49429632 0.08301592  40.2 0.61(0.52, 0.72) 2015 [ |
Subtotal (95% CI) 100 0.53 (0.45, 0.63) 4
Heterogeneity: 7=0.01; y?>=4.11, df=2 (P=0.13); I>=51%
Test for overall effect: Z=7.42 (P<0.00001)
Trebananib
Karlan et al' —0.27443685 0.19572836 13.3 0.76 (0.52, 1.12) 2012 o
Monk et al"! —-0.41551544 0.076723 86.7 0.66 (0.57, 0.77) 2014 [ |
Subtotal (95% CI) 100 0.67 (0.58, 0.77) 4
Heterogeneity: 72=0.00; x?=0.45, df=1 (P=0.50); I>=0%
Test for overall effect: Z=5.55 (P<0.00001)

0.01 0.1 1 10 100

Figure 3 Forest plot of progression-free survival data for different antiangiogenic drugs.

Abbreviations: SE, standard error; Cl, confidence interval; IV, instrumental variable; VEGFRIs, vascular endothelial growth factor receptor inhibitors; CT, chemotherapy.

CT + antiangiogenic

CT
drugs

Study or Log (hazard ratio) SE Weight Hazard ratio Year Hazard ratio
subgroup (%) IV, random, 95% ClI IV, random, 95% CI
VEGFRIs
Ledermann et al* —0.17435 0.25577763 25.6 0.84 (0.51, 1.39) 2011 —a—
Pignata et al® —-0.51082562 0.32184998 16.2 0.60 (0.32, 1.13) 2015 —_—
Ledermann et al® -0.26136 0.1697693  58.2 0.77 (0.55, 1.07) 2016 ——
Subtotal (95% CI) 100 0.76 (0.59, 0.97) &
Heterogeneity: 72=0.00; x?=0.70, df=2 (P=0.71); 1>=0%
Test for overall effect: Z=2.16 (P=0.03)
Bevacizumab
Pujade-Lauraine et al” -0.16252 0.12563176 25.5 0.85 (0.66, 1.09) 2014 —m
Aghajanian et al® -0.05129 0.10889776 34.0 0.95 (0.77, 1.18) 2015 ——
Coleman et al® -0.18633 0.09965562 40.5 0.83 (0.68, 1.01) 2015 —
Subtotal (95% CI) 100 0.87 (0.77, 0.99) &
Heterogeneity: 72=0.00; x?=0.90, df=2 (P=0.64); 1>=0%
Test for overall effect: Z=2.12 (P=0.03)
Trebananib
Karlan et al’® -0.26136 0.27258542 13.2 0.77 (0.45, 1.31) 2012 —_—
Karlan et al'® —-0.51083 0.29007106 11.7 0.60 (0.34, 1.06) 2012 —_—
Monk et al"! —0.15082 0.11429202 75.1 0.86 (0.69, 1.08) 2014 -
Subtotal (95% CI) 100 0.81 (0.67, 0.99) e J
Heterogeneity: 72=0.00; y?=1.38, df=2 (P=0.50); />=0%
Test for overall effect: Z=2.09 (P=0.04)

0.2 0.5 1 2 5

Figure 4 Forest plot of overall survival data for different antiangiogenic drugs.

Abbreviations: SE, standard error; Cl, confidence interval; IV, instrumental variable; VEGFRIs, vascular endothelial growth factor receptor inhibitors; CT, chemotherapy.

CT + antiangiogenic

drugs
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Study or CT + VEGFRIs CT Weight  Risk ratio Risk ratio
subgroup Events Total Events Total (%) M-H, fixed, 95% Cl  Year M-H, fixed, 95% CI
Fatigue

Ledermann et al* 0 0 0 0 Not estimable 2011

Pignata et al® 54 329 9 115 86.8 2.10(1.07, 4.11) 2015

Ledermann et al® 4 37 2 36 13.2 1.95 (0.38,9.97) 2016 —1—
Subtotal (95% Cl) 366 151 100 2.08 (1.11, 3.87) L 2

Total events 58 1"

Heterogeneity: ?=0.01, df=1 (P=0.93); I>=0%
Test for overall effect: Z=2.30 (P=0.02)

Nauseal/vomiting

Ledermann et al* 3 43 1 40 8.3 2.79 (0.30, 25.74) 2011 —_1
Pignata et al® 1 37 1 36 8.2 0.97 (0.06, 14.97) 2015 _—
Ledermann et al® 23 329 7 115 83.5 1.15(0.51, 2.61) 2016 t
Subtotal (95% Cl) 409 191 100 1.27 (0.61, 2.64)

Total events 27 9

Heterogeneity: y?=0.58, df=2 (P=0.75); I*=0%
Test for overall effect: Z=0.64 (P=0.52)

Diarrhea

Ledermann et al* 4 43 1 40 23.0 3.72(0.43, 31.90) 2011 —_—
Pignata et al® 2 37 0 36 1.2 4.87 (0.24, 98.02) 2015 —_—
Ledermann et al® 34 329 2 115 65.8 5.94 (1.45, 24.34) 2016 ——
Subtotal (95% Cl) 409 191 100 5.31(1.75, 16.16) .
Total events 40 3

Heterogeneity: y?=0.13, df=2 (P=0.94); 1*=0%
Test for overall effect: Z=2.94 (P=0.003)

Hypertension

Ledermann et al* 2 43 0 40 74 4.66 (0.23, 94.18) 2011 —
Pignata et al® 3 37 0 36 7.3 6.82 (0.36, 127.44) 2015 —
Ledermann et al® 38 329 4 115 85.3 3.32 (1.21, 9.10) 2016 -.—
Subtotal (95% CI) 400 191 100 3.68 (1.49, 9.07) -
Total events 43 4

Heterogeneity: ?=0.23, df=2 (P=0.89); I*=0%
Test for overall effect: Z=2.82 (P=0.005)

Febrile neutropenia

Ledermann et al* 0 0 0 0 Not estimable 2011

Pignata et al® 2 37 0 36 7.9 4.87 (0.24, 98.02) 2015 —
Ledermann et al® 22 329 4 115 92.1 1.92 (0.68, 5.46) 2016 ﬁt
Subtotal (95% Cl) 366 151 100 2.15(0.81, 5.72) 4
Total events 24 4

Heterogeneity: y?=0.33, df=1 (P=0.57); I*>=0%
Test for overall effect: Z=1.54 (P=0.12)

Thrombocytopenia

Ledermann et al* 1 43 1 40 18.9 0.93 (0.06, 14.38) 2011 —_—
Pignata et al® 0 37 0 36 Not estimable 2015
Ledermann et al® 25 329 3 115 81.1 2.91(0.90, 9.47) 2016 3
Subtotal (95% Cl) 409 191 100 2.54 (0.87, 7.41) -
Total events 26 4
Heterogeneity: y?=0.57, df=1 (P=0.45); 1*=0%
Test for overall effect: Z=1.70 (P=0.09)
Thrombosis/embolism
Ledermann et al* 0 0 0 0 Not estimable 2011
Pignata et al® 1 37 1 36 40.6 0.97 (0.06, 14.97) 2015
Ledermann et al® 10 329 1 115 59.4 3.50 (0.45, 27.01) 2016 ?
Subtotal (95% Cl) 366 151 100 2.47 (0.50, 12.28)
Total events 1 2
Heterogeneity: ?=0.56, df=1 (P=0.46); 1*=0%
Test for overall effect: Z=1.11 (P=0.27)
AST/ALT
Ledermann et al* 22 43 1 40 100 20.47 (2.89, 144.88) 2011 ——
Pignata et al® 0 0 0 0 Not estimable 2015
Ledermann et al® 0 0 0 0 Not estimable 2016
Subtotal (95% Cl) 43 40 100 20.47 (2.89, 144.88) -
Total events 22 1
Heterogeneity: not applicable
Test for overall effect: Z=3.02 (P=0.003)
Gastrointestinal perforation
Ledermann et al* 0 43 0 40 Not estimable 2011
Pignata et al® 1 37 0 36 100 2.92 (0.12, 69.43) 2015 —l—
Ledermann et al® 0 0 0 0 Not estimable 2016
Subtotal (95% Cl) 80 76 100 2.92 (0.12, 69.43) ——engiiRue=—
Total events 1 0
Heterogeneity: not applicable
Test for overall effect: Z=0.66 (P=0.51)
0.001 01 1 10 1,000
CT + VEGFRIs CcT

Figure 5 The forest plot for evaluating the toxicity (the VEGFRI group).
Abbreviations: CT, chemotherapy; VEGFRI, vascular endothelial growth factor receptor inhibitor; Cl, confidence interval; AST, aspartate transaminase; ALT, alanine
transaminase; M—H, Mantel-Haenszel.
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Study or CT + bevacizumab  CT Weight Risk ratio Risk ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% Cl M-H, fixed, 95% ClI
Proteinuria

Aghajanian et al® 27 242 2 242 67.0 13.50 (3.25, 56.14) —{
Coleman et al® 27 335 0 339 17.4 55.65 (3.41, 908.68) e
Pujade-Lauraine et al’ 3 179 0 182 15.6 7.12(0.37, 136.79) T ¥
Subtotal (95% CI) 756 763 100 15.64 (4.87, 50.23) ~=siff -
Total events 57 2

Heterogeneity: 72=0.00, y?=1.24, df=2 (P=0.54); I>=0%
Test for overall effect: Z=4.62 (P<0.00001)

Hypertension

Aghajanian et al® 45 242 2 242 51.6 22.50 (5.52, 91.71) —B—
Coleman et al® 0 0 0 0 Not estimable

Pujade-Lauraine et al” 13 179 2 182 48.4 6.61 (1.51, 28.87) ——
Subtotal (95% CI) 421 424 100 12.44 (3.62, 42.79) -~atie--
Total events 58 4

Heterogeneity: 72=0.26, y*=1.47, df=1 (P=0.22); I*=32%
Test for overall effect: Z=4.00 (P<0.0001)

Bleeding

Aghajanian et al® 14 242 2 242 55.6 7.00 (1.61, 30.47) ——
Coleman et al® 0 0 0 0 Not estimable

Pujade-Lauraine et al” 2 179 2 182 44 .4 1.02 (0.14, 7.14)

Subtotal (95% CI) 421 424 100 2.97 (0.44, 19.90) t
Total events 16 4

Heterogeneity: 72=1.13, y?=2.46, df=1 (P=0.12); 1?=59%
Test for overall effect: Z=1.12 (P=0.26)

Gastrointestinal perforation

Aghajanian et al® 2 242 1 242 5.2 2.00 (0.18, 21.91) —_—
Coleman et al® 50 335 14 339 91.2 3.61(2.04, 6.41) -.-
Pujade-Lauraine et al” 4 179 0 182 35 9.15 (0.50, 168.72) - ¥
Subtotal (95% CI) 756 763 100 3.62 (2.09, 6.26) 1’

Total events 56 15

Heterogeneity: 72=0.00, x?=0.63, df=2 (P=0.73); I*=0%
Test for overall effect: Z=4.61 (P<0.00001)

Venous thromboembolism

Aghajanian et al® 1 242 6 242 35.8 1.83 (0.69, 4.88) T
Coleman et al® 13 335 4 339 32.0 3.29(1.08, 9.88) —a
Pujade-Lauraine et al” 5 179 8 182 32.3 0.64 (0.21, 1.91) —T
Subtotal (95% CI) 756 763 100 1.57 (0.63, 3.90) il
Total events 29 18

Heterogeneity: 72=0.35, y?=4.42, df=2 (P=0.11); I*=55%
Test for overall effect: Z=0.97 (P=0.33)

Arterial thromboembolism

Aghajanian et al® 0 0 0 0 Not estimable

Coleman et al°® 8 335 2 339 78.1 4.05 (0.87, 18.92) —
Pujade-Lauraine et al” 4 179 0 182 21.9 9.15 (0.50, 168.72) ' ¥
Subtotal (95% CI) 514 521 100 4.84 (1.24,18.91) —=aniine--

Total events 12 2

Heterogeneity: 72=0.00, x?=0.24, df=1 (P=0.62); I*=0%
Test for overall effect: Z=2.27 (P=0.02)

I ]
0.01 0.1 1 10 100

CT + bevacizumab CcT
Figure 6 The forest plot for evaluating the toxicity (the bevacizumab group).
Abbreviations: CT, chemotherapy; Cl, confidence interval; M-H, Mantel-Haenszel.
980 submit your manuscript OncoTargets and Therapy 2017:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Antiangiogenic drugs for patients with recurrent ovarian cancer

Study or CT + trebananib  CT Weight  Risk ratio Risk ratio

subgroup Events Total Events Total (%) M-H, random, 95% CI M-H, random, 95% CI
Fatigue

Monk et al! 15 461 17 452 85.6 0.87 (0.44, 1.71)

Karlan et al® 4 106 2 55 14.4 1.04 (0.20, 5.49)

Subtotal (95% CI) 567 507 100 0.89 (0.47, 1.67)

Total events 19 19

Heterogeneity: 72=0.00; x?=0.04, df=1 (P=0.84); I*=0%
Test for overall effect: Z=0.37 (P=0.71)

Vomiting/nausea

Monk et al"! 22 461 18 452 82.3 1.20 (0.65, 2.20)
Karlan et al® 7 106 3 55 17.7 1.21 (0.33, 4.50)
Subtotal (95% CI) 567 507 100 1.20 (0.69, 2.09)
Total events 29 21

Heterogeneity: 72=0.00; x2=0.00, df=1 (P=0.99); I*=0%
Test for overall effect: Z=0.65 (P=0.52)

Edema

Karlan et al’® 5 106 2 55 449 1.30 (0.26, 6.47) ——
Monk et al"! 37 461 4 452 55.1 9.07 (3.26, 25.24) ——
Subtotal (95% CI) 567 507 100 3.79 (0.55, 25.92) e
Total events 42 6

Heterogeneity: 12=1.47; y?=4.12, df=1 (P=0.04); 1>=76%
Test for overall effect: Z=1.36 (P=0.17)

Hypokalemia

Monk et al" 21 461 10 452 79.5 2.06 (0.98, 4.32) -
Karlan et al™ 12 105 2 55 20.5 3.14 (0.73, 13.55) —
Subtotal (95% Cl) 566 507 100 2.25 (1.16, 4.35) . 2
Total events 33 12

Heterogeneity: 72=0.00, ¥?=0.26, df=1 (P=0.61); I*=0%
Test for overall effect: Z=2.40 (P=0.02)

Peripheral neuropathy

Karlan et al™ 6 105 2 55 23.6 1.57 (0.33, 7.53) —_—T
Monk et al' 13 461 8 452 76.4 1.59 (0.67, 3.81) -
Subtotal (95% CI) 566 507 100 1.59 (0.74, 3.40) -l
Total events 19 10
Heterogeneity: 72=0.00; ¥?=0.00, df=1 (P=0.99); I>=0%
Test for overall effect: Z=1.19 (P=0.23)
Dyspnea
Karlan et al'® 6 105 2 55 29.1 1.57 (0.33, 7.53) —
Monk et al' 10 461 6 452 70.9 1.63 (0.60, 4.46) —il—
Subtotal (95% CI) 566 507 100 1.62 (0.69, 3.76) sl
Total events 16 8
Heterogeneity: 72=0.00; x?=0.00, df=1 (P=0.97); I*=0%
Test for overall effect: Z=1.11 (P=0.27)
Gastrointestinal perforation
Karlan et al’® 0 105 1 55 44.4 0.18 (0.01, 4.25) + i
Monk et al' 7 461 1 452 55.6 6.86 (0.85, 55.56) ——
Subtotal (95% CI) 566 507 100 1.35 (0.04, 47.93) — e —-—
Total events 7 2
Heterogeneity: 72=4.83; y?=3.56, df=1 (P=0.06); 1>=72%
Test for overall effect: Z=0.16 (P=0.87)
} } } !
0.01 0.1 1 10 100
CT + trebananib CT
Figure 7 The forest plot for evaluating the toxicity (the trebananib group).
Abbreviations: CT, chemotherapy; Cl, confidence interval; M-H, Mantel-Haenszel.
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Study or Log (hazard ratio) SE Weight Hazard ratio Hazard ratio

subgroup (%) 1V, fixed, 95% CI 1V, fixed, 95% CI

Platinum-resistant

Pignata et al® —0.86750057 0.25898742 16.8 0.42 (0.25, 0.70) .

Pujade-Lauraine et al’ —0.73396918 0.11652 83.2 0.48 (0.38, 0.60) —-—

Subtotal (95% CI) 100 0.47 (0.38, 0.58) 2

Heterogeneity: y?=0.22, df=1 (P=0.64); I>=0%

Test for overall effect: Z=7.12 (P<0.00001)

Platinum-sensitive

Ledermann et al® —0.5798185 0.12563176  22.1 0.56 (0.44, 0.72) -

Coleman et al® —0.49429632 0.08301592 50.7 0.61(0.52, 0.72) ||

Aghajanian et al® —0.72567037 0.11332222 27.2 0.48 (0.39, 0.60) =

Subtotal (95% CI) 100 0.56 (0.50, 0.63) [}

Heterogeneity: y?=2.71, df=2 (P=0.26); I°=26%

Test for overall effect: Z=9.75 (P<0.00001)

} } } {

0.01 0.1 1 10 100
CT + antiangiogenic CcT

drugs

Figure 8 Forest plot for progression-free survival based on whether patients were platinum-resistant or -sensitive.
Abbreviations: SE, standard error; Cl, confidence interval; IV, instrumental variable; CT, chemotherapy.

metastasis, and various antiangiogenic drugs have subse-
quently emerged.'” "

To the best of our knowledge, VEGF plays an important
role in neovascularization. VEGF signals through VEGFRs
and upregulates downstream signaling pathways. Another
pathway uses angiopoietin, which is a regulator of tumor
angiogenesis. Based on the mechanism of vasculariza-
tion, we divided the RCTs into 3 groups to perform our
analysis.!®!?* Tn this meta-analysis, the PFS showed sig-
nificant improvement with antiangiogenic therapy in those
patients with relapsed ovarian cancer. The OS was clearly

better in the VEGFR inhibitor, the bevacizumab and treba-
nanib groups. In addition, both the platinum-resistant and
the platinum-sensitive subgroups had a benefit in the PFS.
The OS was obviously improved in the platinum-sensitive
group; however, it was not statistically significant in the
platinum-resistant group.

In our study, the incidences of grade 3/4 toxicity
were higher when compared with chemotherapy alone
but were manageable; however, the type and incidence
of side effects (= grade 3) varied with the different anti-
angiogenic drugs. Furthermore, the incidence of GIP in

Study or Weight  Hazard ratio Hazard ratio
subgroup Log (hazard ratio) SE (%) 1V, fixed, 95% CI 1V, fixed, 95% CI
Platinum-resistant

Pignata et al® —0.51082562 0.32184998  13.2 0.60 (0.32, 1.13) —
Pujade-Lauraine etal’”  -0.16252 0.12563176  86.8 0.85 (0.66, 1.09) .
Subtotal (95% ClI) 100 0.81 (0.65, 1.02) +
Heterogeneity: y?=1.02, df=1 (P=0.31); 1=2%

Test for overall effect: Z=1.78 (P=0.07)

Platinum-sensitive

Aghajanian et al® —-0.05129 0.10889776  38.4 0.95 (0.77, 1.18)

Coleman et al® —-0.18633 0.09965562  45.8 0.83(0.68, 1.01) :
Ledermann et al® —-0.26136 0.1697693 15.8 0.77 (0.55, 1.07) —
Subtotal (95% ClI) 100 0.86 (0.76, 0.99) L
Heterogeneity: y?=1.38, df=2 (P=0.50); 1?=0%

Test for overall effect: Z=2.17 (P=0.03)

0.01 0.1 1 10

100
CT + antiangiogenic CT
drugs

Figure 9 Forest plot for overall survival based on whether patients were platinum-resistant or -sensitive.

Abbreviations: SE, standard error; Cl, confidence interval; CT, chemotherapy.

submit your manuscript

982

Dove

OncoTargets and Therapy 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Antiangiogenic drugs for patients with recurrent ovarian cancer

the bevacizumab group was higher than the VEGFRIs
and trebananib groups. Oncologists gradually realized
the significant risk of GIP. They reported that the rate of
GIP in recurrent ovarian cancer varies from 0% to 11.4%.
However, in large Phase III clinical trials, the rate of per-
foration is 0%—2.6%. GIPs carry a high rate of mortality,
especially in the setting of recurrent, platinum-resistant
ovarian cancer.?’ Overall, the application of antiangiogenic
drugs remains controversial. Bevacizumab is the most
successful antiangiogenic drug, but it is not currently the
upfront chemotherapy, because it has shown no statisti-
cal significance in improving the OS in recurrent ovarian
cancer according to original studies.>”’

Antiangiogenic therapy could be applied for recurring
ovarian cancer, if the patient has previously received antian-
giogenic therapy; however, the impact on the efficacy is not
known. Both Huijbers’s and Bergers’s studies have shown the
role of tumor stromal cells in the resistance to antiangiogenic
drugs, and the mechanisms for use are diverse, including
endothelial (progenitor) cells, smooth muscle cells, pericytes,
fibroblasts, immune cells, and platelets. Multiple mechanisms
develop evasive or intrinsic resistance and finally become
resistant to antiangiogenic therapy. Although the incidence of
resistance to antiangiogenic therapy after previous antiangio-
genic therapy is not clear, it is closely related to the prognosis
of'the patient with recurrent ovarian cancer. Currently, there
are no relevant trials in the literature.?2!-?

Which recurrent patients benefit most from antiangio-
genic therapy remains unclear. Abu-Jawdeh et al discovered
that VEGF and its receptors were not expressed in benign
ovarian tumors, with intermediate levels of expression shown
in borderline ovarian tumors and strong expression shown in
malignant cancer, via detection in the serum, ovarian tumor
tissue, and ascites. Recently, Pasquet et al reported that
ascites-derived stromal cells play a role in promoting tumor
growth by inducing angiogenesis. Antiangiogenic therapy
alone delays tumor tissue growth, narrows metastatic lesions,
and reduces malignant peritoneal effusion. The research by
Ferriss et al showed that patients with ascites treated with
bevacizumab had significantly better PFS and OS, but the
issue has not reached consistency.?2¢

In addition to bevacizumab, there were several antian-
giogenic drugs described in our meta-analysis. Therefore,
the decision about selecting an appropriate antiangiogenic
drug to obtain the most benefit for recurrent patients will be
complicated. Both the characteristics of the patients and the
toxicity of the drugs must be taken into account. Currently,
only bevacizumab and pazopanib have been recommended for

application in ovarian cancer by the National Comprehensive
Cancer Network.?

In addition, the optimal doses and therapeutic time
period have not yet been determined. In our meta-analy-
sis, the doses and durations differed among the 8 RCTs
we included in this study. The survival outcomes were
improved with the use of antiangiogenic therapy as a main-
tenance therapy for patients with recurrent ovarian cancer.
A previous meta-analysis, conducted by Qian et al, also
confirmed that both the PFS and OS were improved in the
antiangiogenic maintenance therapy group, when compared
with the chemotherapeutic group alone.?’-?® According to
preclinical researches, tumor vessels were known to be leaky
and dysfunctional, which disturb delivery of chemotherapy
to tumor. Vascular normalization by crossover application of
antiangiogenic therapy was proposed to increase the density
of chemotherapeutic agents in tumor. Currently, clinical
studies were not enough to prove the vascular normaliza-
tion theory. Therefore, the effect of difference was still
unknown between crossover and subsequent antiangiogenic
therapy.?3° In a word, a standard antiangiogenic regime has
not yet been established.

Directly predicting the clinical efficacy of antiangiogenic
drugs using biomarkers is currently under study, but the
results do not look good. The measurement of serum-free
VEGF was proposed first based on its easy accessibility and
reasonable price. However, there is little predictive value as
a serum biomarker due to its dynamic change between the
total and free VEGF levels. Recently, 2 studies have recog-
nized several biomarkers (mesothelin, FLT4, AGP, CA-125,
and miR-378) that seem predictive of the benefits from the
antiangiogenic treatment of ovarian cancer, but further larger
population studies are required.’!33

Despite the fact that we only included RCTs to minimize
bias in our meta-analysis, several potential limitations
remain. Due to the disparate design of the research studies,
characteristics of the recurrent patients, various ovarian
tumor types, unclear International Federation of Gynecology
and Obstetrics staging, and different doses and durations of
the drugs, there was heterogeneity among all 8 studies.

Conclusion

The antiangiogenic therapy showed a clear improvement in
the PFS in the treatment of relapsed ovarian cancer patients.
In addition, the bevacizumab and trebananib groups showed
prolonged OS. Antiangiogenesis as a targeted therapy seems
to be promising, despite the many uncertainties put forth
in our study.
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