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On 13 June 2018, Genentech, Inc. issued a press release announcing that the US FDA had approved the
antiangiogenesis drug, bevacizumab, in combination with chemotherapy for frontline and maintenance
therapy for women with newly diagnosed ovarian cancer. Regulatory approval was based on the National
Cancer Institute-sponsored Gynecologic Oncology Group (GOG) protocol 0218, the Phase III, random-
ized, placebo-controlled, double-blind, multi-center and multi-national clinical trial that met its primary
end point, progression-free survival. Bevacizumab is now approved in the frontline, platinum-sensitive
recurrent and platinum-resistant recurrent settings for epithelial ovarian cancer. This review will address
the broad range of clinical trials addressing the efficacy of bevacizumab use in ovarian cancer.
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The formation of new blood vessels, known as angiogenesis, is essential for solid tumor growth and metastasis.
VEGF is a protein-signaling molecule that acts on endothelial cells to promote angiogenesis. VEGF is overexpressed
in epithelial ovarian cancers making targeting of angiogenesis through the VEGF-signaling pathway an attractive
therapeutic option [1]. Bevacizumab is a recombinant humanized monoclonal antibody against VEGF-A that
directly binds and neutralizes VEGF-A preventing activation of the VEGF receptor. In 2004, bevacizumab was
the first antiangiogenesis agent approved by the US FDA for metastatic colon cancer and since then it has been
approved for multiple indications, including ovarian cancer. This review aims to provide a comprehensive overview
of the use bevacizumab in ovarian, fallopian tube and primary peritoneal cancers, hereafter referred to collectively
as ovarian cancer.

The role of bevacizumab in primary treatment of epithelial ovarian cancer
For the past two decades, platinum- and taxane-based doublet therapy has been the preferred adjuvant chemother-
apy regimen [2]. Bevacizumab is theorized to works synergistically with standard chemotherapy in targeting an-
giogenesis [3,4]. Carboplatin induces VEGF expression in the tumor microenvironment potentiating the effect of
bevacizumab and paclitaxel is antiangiogenic inhibiting endothelial cell proliferation and migration. Bevacizumab
also normalizes tumor vasculature to facilitate delivery of chemotherapeutic agents. Early Phase II studies of
single-agent bevacizumab as salvage therapy in heavily pretreated ovarian cancer patients demonstrated the safety
and efficacy of bevacizumab and provided the preliminary data to launch a Phase III trial [5–7]. In 2011, the
results of two randomized, Phase III clinical trials, GOG-0218 and ICON-7, were published simultaneously and
showed a significant increase in progression-free survival (PFS) when bevacizumab was added to standard adjuvant
chemotherapy with carboplatin and paclitaxel (Table 1).
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GOG-0218
In GOG-0218, a multicenter, Phase III randomized, placebo-controlled study, patients with stage III or IV
epithelial ovarian cancer (EOC) and measurable disease after surgical debulking were randomized to three treatment
arms: six cycles of carboplatin/paclitaxel, plus placebo through 22 cycles; six cycles of carboplatin/paclitaxel with
bevacizumab on cycles 2–6, plus placebo through 22 cycles (‘Bev-initiation’); or six cycles of carboplatin/paclitaxel
with bevacizumab on cycles 2–6, plus bevacizumab maintenance through 22 cycles (‘Bev-throughout’; Figure 1) [8].
Initially, patients who were optimally debulked (<1 cm residual disease) were excluded, resulting in a cohort with
an overall poor prognosis. After a protocol amendment, patients with any gross residual disease were included and
approximately a third of all study patients were optimally debulked.

A total of 1873 patients were enrolled and the median follow-up time for PFS was 17.4 months. When compared
with the control group, patients who received bevacizumab as upfront and maintenance therapy (Bev-throughout)
had a significant 3.8-month improvement in PFS (14.1 vs 10.3 months; hazard ratio [HR]: 0.72; 95% CI: 0.63–
0.82). Using bevacizumab only concurrently with carboplatin/paclitaxel (Bev-initiation) resulted in a 1-month
improvement in PFS, which was not statistically significant (11.2 vs 10.3 months; HR: 0.91; 95% CI: 0.80–
1.04). When calculating PFS with radiologic progression only, the median PFS was 18.2 months, compared with
12.0 months for the control group (HR: 0.62; 95% CI: 0.52–0.75), doubling the survival benefit to 6.2 months [13].
The secondary end point for overall survival (OS) was reached after a median follow-up of 103 months after which
80% of patients had died. In final analysis, there was no difference in OS between the three arms, with all arms
having an approximately 41–43-month OS in the intent-to-treat group (HR: 0.96; 95% CI: 0.85–1.09 for Bev-
initiation vs control; HR: 1.06; 95% CI: 0.94–1.20 for Bev-throughout vs control) [14]. However, patients with stage
IV disease receiving Bev-throughout had an OS of 42.8 months, compared with stage IV control (32.6 months)
and stage IV Bev-initiation (34.5 months), indicating a larger treatment effect with more advanced disease.

ICON-7
ICON-7 was an international, open-label, randomized Phase III study of 1528 women with EOC. In contrast
to GOG-0218, ICON-7 was not blinded, included patients with high-risk early-stage disease and optimally
debulked stage III–IV EOC, had only two arms and defined disease progression using RECIST criteria alone.
Participants were randomized to either: six cycles of carboplatin/paclitaxel or six cycles of carboplatin/paclitaxel
with bevacizumab on cycles 2–6 (option to include in cycle 1 if chemotherapy starting >1 month after surgery),
plus bevacizumab maintenance through 18 total cycles [9]. At a median follow-up of 19.4 months, the median
PFS was significantly improved by 2 months in the bevacizumab group compared with the control group (19.0 vs
17.3 months; HR: 0.81; 95% CI: 0.70–0.94). In an updated analysis after a median follow-up of 48.9 months,
there was no statistically significant difference in PFS or OS in the overall patient cohort. Patients in ICON-7
had an overall more favorable prognosis compared with the population studied in GOG-0218, which may explain
a difference in the findings. In subgroup analysis of 502 patients with a high-risk of disease progression, which
mirrored the population in GOG-0218, the median PFS was 10.5 months for the control group and 16 months
for the bevacizumab group (HR: 0.73; 95% CI: 0.61–0.88; p < 0.001). OS was also significantly improved in
the high-risk group for patients who received bevacizumab compared with the control (39.7 vs 30.2 months; HR:
0.78; 95% CI: 0.63–0.97) [15].

The improvement in PFS seen in these two clinical trials has been affirmed in meta-analyses [16]. There are several
interesting observations to come from these trials. First, there seems to be a relationship with bevacizumab where
patients with a poorer prognosis have a more sizeable improvement in PFS. In GOG-0218 and the ICON-7 high-
risk subgroup, the difference in median PFS is approximately 4 months, but in the ICON-7 lower-risk subgroup
there was no difference in PFS. That the size of effect is larger with patients with suboptimally debulked disease
makes sense intuitively in that microscopic tumor cells (those <1–2 mm) would be less active in angiogenesis and
produce less VEGF-A. Second, the maximum separation of the PFS curves in GOG-0218 and ICON-7 occurred at
15 and 12 months, respectively, when bevacizumab maintenance therapy was stopped. Since bevacizumab does not
change the tumor potential to generate VEGF-A and is cleared after administration, discontinuing bevacizumab is
expected to result in resumption of angiogenesis and tumor regrowth. A discussion on the duration of bevacizumab
maintenance will be addressed later in this review.
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Carboplatin AUC 6 q3 weeks for six cycles
Paclitaxel 175 mg/m2 q3 weeks for six cycles
Placebo q3 weeks cycle 2 to cycle 22

Carboplatin AUC 6 q3 weeks for six cycles
Paclitaxel 175 mg/m2 q3 weeks for six cycles
Bev 15 mg/kg q3 weeks cycles 2–6 then placebo

Carboplatin AUC 6 q3 weeks for six cycles
Paclitaxel 175 mg/m2 q3 weeks for six cycles
Bevacizumab 15 mg/kg q3 weeks cycles 2–22
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No placebo
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Paclitaxel 175 mg/m2 q3 weeks for 6 cycles
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Carboplatin AUC 4 q3 weeks for six to ten cycles
Gem 1000 mg/m2 d1d8 q3 weeks for six to ten cycles
Placebo q3 weeks until progression
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Carboplatin AUC 5 q3 weeks for six to eight cycles
Paclitaxel 175 mg/m2 q3 weeks for six to eight cycles
No placebo

Carboplatin AUC 5 q3 weeks for six to eight cycles
Paclitaxel 175 mg/m2 q3 weeks for six to eight cycles
Bev 15 mg/kg q3 weeks cycle 1 or 2 (if
randomized to surgery) until progression

Paclitaxel 80 mg/m2 weekly until progression
Bev 15 mg/kg q3 weeks (optional)

PLD 40 mg/m2 q4 weeks until progression
Bev 15 mg/kg q3 weeks (optional)

Topotecan q4 weeks or q3 weeks† until progression
Bev 15 mg/kg q3 weeks (optional)
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Bev 10 mg/kg q2 weeks

Topotecan q4 weeks or q3 weeks‡ until progression
Bev 10 mg/kg q2 weeks or 15 mg/kg q3 weeks‡

Frontline
n = 1873

Suboptimally debulked stage III 
or IV EOC

Endpoint: cycle 22, progression or
toxicity

Frontline
n = 1528

High-risk early-stage EOC and all
stage III or IV EOC

Endpoint: cycle 18, progression or
toxicity

Recurrent platinum-sensitive EOC
n = 484

No prior chemotherapy for recurrance,
no prior bevacizumab

Endpoint: progression or toxicity

Recurrent platinum-sensitive EOC
n = 674

No prior chemotherapy for recurrance,
prior bevacizumab allowed

Prior to chemotherapy randomized
to secondary cytoreduction

Endpoint: progression or toxicity

Recurrent platinum-resistant EOC
n = 361

Excluded platinum refractory and
>2 prior lines chemotherapy; prior
bevacizuman allowed; chemo
physicians choice

Endpoint: progression or toxicity

G
O

G
 2

18
IC

O
N

 7
O

C
E

A
N

S
G

O
G

 2
13

A
U

R
E

L
IA

R
a
n
d
o
m
i
z
e

R
a
n
d
o
m
i
z
e

R
a
n
d
o
m
i
z
e

R
a
n
d
o
m
i
z
e

R
a
n
d
o
m
i
z
e

1:1:1

1:1

1:1

1:1

1:1

Cycle 22

Cycle 18

Progression

or

or

or

or

Figure 1. Schema for GOG-0218, ICON 7, OCEANS, GOG-0213, and AURELIA.
†Topotecan 4 mg/m2 IV on days 1, 8, and 15 q4 week or 1.25 mg/m2 on days 1–5 q3 week
‡Bev 15mg/kg q3 weeks only for q3 weeks topotecan regimen
AUC: Area under the curve; Bev: Bevacizumab; EOC: Epithelial ovarian cancer; Gem: Gemcitabine; PLD: Pegylated liposomal doxorubicin.
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Table 2. Adverse events of interest reported in GOG-0218, ICON 7, OCEANS, GOG-0213, and AURELIA.
Adverse event† GOG-0218‡ ICON7 OCEANS GOG-0213 AURELIA Relative risk (95% CI)§

Hypertension, (grade ≥2) 22.9% 18% 18.2% (grade
≥3)

32% 20% 4.09 (3.84–6.25)

Proteinuria, (grade ≥3) 1.6% 1% 10.9% 8% 10.6% 6.63 (3.17–13.88)

GI events, (grade ≥2,
perforation, fistula, necrosis,
anastamotic leak)

2.6% 1% 2.4% 2% 4.4% Perforation 2.90 (1.45–5.82)
Fistula or abscess 1.70 (0.7–3.97)

Thromboembolic events, (all
grades)

7.4% (6.7% VTE) 11% 6.9% (4.5% VTE) 7% (all ATE) 5% ATE 2.29 (1.33–3.75)
VTE 1.32 (0.995–1.82)

Non-CNS bleeding, (grade ≥3) 2.1% 1% 6.5% 1.8% 1.1% 3.63 (1.81–7.29)

CNS bleeding, (all grades) 0.3% �1% 0.8% 0.3% Not reported 3.42 (0.72–16.35)

PRES 0.2% 0 0.8% 0 0.6% 4.23 (0.72–25.03)

Impaired wound healing, (all
grades)

3.6% 5% 0.8% 3% 0 1.48 (0.85–2.57)

†Patients randomized to bevacizumab arm.
‡Bev-throughout group (Arm 3).
§Bevacizumab containing arm compared with chemotherapy alone. Excludes GOG-0213 as results not available at time of analysis.
ATE: Arterial thromboembolism; CNS: Central nervous system; GI: Gastrointestinal; PRES: Posterior reversible encephalopathy syndrome; VTE: Venous thromboembolism.
Reproduced with permission from [8,9,12,17,19].

Safety & quality of life in GOG-0218 & ICON-7
GOG-0218 and ICON-7 demonstrated a safety profile of bevacizumab similar to other cancers. The most common
side effects associated with bevacizumab treatment are hypertension, proteinuria and nasal mucosal disorder (epis-
taxis). Additional side effects of bevacizumab include impaired wound healing, gastrointestinal (GI) perforation or
fistula, arterial or venous thrombosis and rarer serious outcomes (Table 2) [17]. Other side effects during chemother-
apy such as neutropenia, thrombocytopenia, neuropathy and hypersensitivity reactions occurred commonly in both
studies but were not thought to be due to bevacizumab. Bevacizumab package labeling has a black box warning for
the risk of GI perforation, wound-healing complications and hemorrhage. In general, most adverse events occur
during the combination chemotherapy phase of bevacizumab administration. Bevacizumab in well tolerated and in
trials of prolonged maintenance exposure to bevacizumab the median time to discontinuation from unacceptable
toxicity in 9.9 months [18]. In patients with more serious toxicities, bevacizumab administration can be delayed or
discontinued altogether; there are no recommended dose reductions.

Ovarian cancer patients treated with bevacizumab have the highest bowel perforation rate of all solid cancers
studied [20]. The cause is multifactorial but bevacizumab is thought to impair the ability of intestinal mucosa to heal
after an insult. In an early clinical trial of recurrent EOC (ROC) patients treated with single-agent bevacizumab,
five patients (11%) developed an event attributed to a GI perforation, one which resulted in a patient death.
Each of these patients had evidence of bowel involvement prior to the study and had received three or more prior
chemotherapy regimens. After the results of this study were published, clinical trials of bevacizumab use in EOC
incorporated strict criteria excluding patients with a current or history of bowel obstruction, bowel involvement
seen on imaging, as well as history of GI fistula, GI perforation or intra-abdominal abscess [8,10]. The mortality
of bowel perforation is approximately 25–50% and prevention is paramount. In GOG-0218, there were 18 GI
perforations in the two bevacizumab arms and in ICON-7 there were 10 GI perforations in the bevacizumab
arm. Multiple studies, including GOG-0218, have looked a risk factors and predictors of GI adverse events [21,22].
The risk of a GI adverse event is increased with evidence of ileus/bowel obstruction, prior bowel resection with
anastomosis, bowel resection at primary cytoreductive surgery with upfront therapy, history of inflammatory bowel
disease and rectovaginal nodularity [20]. The risk of anastomotic leak after bowel resection is increased by two- to
threefold in EOC treated with bevacizumab. Neoadjuvant chemotherapy (NACT) can decrease the risk of bowel
resection by 50%, which ultimately might lead to fewer GI complications [23], and bevacizumab incorporated into
NACT regimens (although held for 28 days prior to interval debulking surgery [IDS]) does not appear to result in
an increased risk of adverse GI events [24]. Interestingly, prior bowel surgery is not always the direct cause of bowel
perforation, as the anastomosis is only involved in 30% of cases, but rather may be a surrogate for bowel obstruction
and bowel disease [25]. Most GI perforations occur within 50 days of initiation of bevacizumab. There is evidence
that bevacizumab is tolerable in patients with three or more prior cytotoxic regimens but it is not approved by the
FDA for this indication given the early safety signals related to GI perforation [26].
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Despite the additional side effects, maintenance bevacizumab does not affect quality of life (QOL). In GOG-
0218, QOL survey scores were initially lower for the bevacizumab arm but there was no difference in QOL during
the maintenance phase [27]. In ICON-7, there was no overall difference in QOL during the study period.

Bevacizumab in conjunction with NACT
NACT is a treatment option for women with advanced ovarian cancer, with the intent to reduce the morbidity of
IDS and increase the likelihood of obtaining complete cytoreduction [23]. There is enthusiasm that neoadjuvant
bevacizumab may further improve cytoreduction at IDS given the enhanced efficacy seen with bulky disease but
this must be weighed against concerns for major GI complications and impaired wound healing, which are known
side effects of bevacizumab. Neither GOG-0218 or ICON-7 protocols allowed for NACT and to date studies of
neoadjuvant bevacizumab have been limited. In a case–control study of 75 patients with advanced ovarian cancer
treated with a median of four cycles of carboplatin/paclitaxel/bevacizumab compared with carboplatin/paclitaxel
alone, the ORR was 88% for patients receiving bevacizumab compared with 72.3 % in the control group (p = 0.054),
there was no significant difference in complications and the PFS was 18 months for cases compared with 10 months
for controls (p = 0.001) [28]. In a subsequent multicenter open-label, noncomparative Phase II study of NACT, 95
patients with stage IIIC or IV EOC with unresectable disease were randomized to receive four cycles of neoadjuvant
carboplatin/paclitaxel with or without bevacizumab on cycles 1 through 3 (Table 3) [24]. More patients in the
bevacizumab arm were candidates for IDS after NACT (69 vs 60%). Neoadjuvant bevacizumab was tolerable with
no significant difference in completion rates of NACT between the two groups. In the bevacizumab group, the
complete resection rate (CRR) at time of IDS was 58.6% (with a lower CI of 47.0%) compared with 46.3% in
the Phase III EORTC study group [23], with no significant difference in adverse events. However, the 51.4% CRR
in the control arm was also higher than the EORTC population suggesting the surgeons in this study were overall
more aggressive [23]. The CRR for patients who received bevacizumab and were candidates for IDS was 85%,
with a lower CI of 72.5%. In the MITO16A-MaNGO OV2A on prognostic biomarkers for upfront bevacizumab,
an unplanned analysis was performed on 74 patients who received NACT with bevacizumab. The median cycles
received were three and 86.5% of cases were optimally debulked and 63.5% of cases had no residual disease after
IDS. Wound-healing complications occurred in 3% of patients and GI fistula in 1% [29]. There is currently an
ongoing clinical trial (NCT01847677) of bevacizumab in the neoadjuvant setting that is nearing completion.

Bevacizumab with dose-dense paclitaxel
The results of Phase III clinical trials on the efficacy of dose-dense paclitaxel have been mixed. In JGOG-3016
(NOVEL), the median PFS was 28.0 in patients receiving dose-dense paclitaxel, compared with 17.2 months for
patients using conventional q3 weeks dosing [30] but subsequent trials such as MITO-7 [31], GOG-0262 [4] and
ICON-8 [32] have shown no improvement in PFS. There have been two large studies of carboplatin/dose-dense
paclitaxel in combination with bevacizumab but neither protocol involved randomization limiting the strength of
the findings.

In the single-arm OCTAVIA study, 189 patients with high-risk early-stage disease, or stage III or IV EOC
(similar to the ICON-7 cohort) were treated with carboplatin/dose-dense paclitaxel plus bevacizumab, followed by
bevacizumab maintenance. The median PFS was 23.7 months (95% CI: 19.8–26.4 months) for the overall cohort
and 18.1 months (16.0–19.6 months) for the high-risk progression group. The 1-year progression-free rate was
86%. Median OS was unable to be calculated due to low number of events after 2 years; 1- and 2-year OS rates
were 97.8% (95% CI: 95.7–99.9%) and 92.3% (95% CI: 88.4–96.2%). The rate of adverse events was similar to
ICON-7 [33,34].

In GOG-0262, a study of carboplatin/dose-dense paclitaxel, 84% of participants elected to have upfront
bevacizumab. When the results were stratified based on bevacizumab treatment, patients who did not receive
bevacizumab had a statistically significant improvement in PFS of 3.9 months in the weekly paclitaxel group (14.2 vs
10.3 months; HR: 0.62). Interestingly, in the bevacizumab treatment group, there was no difference in PFS between
the dose-dense and conventional chemotherapy regimens (14.9 vs 14.7 months). Thus, the PFS benefit of dose-
dense paclitaxel and bevacizumab is 4 months each when used independently, but the effect is not additive. Results
should be interpreted with caution as patients were not randomized to bevacizumab and the nonbevacizumab group
was only 16% of the study population. These finding may be further validated in the ICON8B clinical trial, which is
currently enrolling patients. In ICON8B, 660 patients will be enrolled and randomized to either carboplatin/dose
dense paclitaxel plus bevacizumab or conventional q3 weeks carboplatin/paclitaxel plus bevacizumab.
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Table 3. Additional trials of interest using bevacizumab in ovarian carcinoma.
Frontline
regimen
strategy

Study name Trial design Eligibility Treatment arms n Outcome Results Comments Ref.

Neoadjuvant
chemotherapy

ANTHALYA
(NCT01739218)

Phase II,
multicenter,
randomized,
open label

Stage IIIC or IV
EOC
considered
non-optimally
resectable

Arm 1) C AUC 6, T 175 mg/m2 q3
weeks for four cycles, followed
by IDS, then C AUC 6, T 175
mg/m2 q3 weeks for four
additional cycles
Arm 2) C AUC 6, T 175 mg/m2 q3
weeks for four cycles with B
15mg/kg q3 weeks cycles 1–3,
followed by IDS, then C AUC 6, T
175 mg/m2 q3 weeks for cycles
5–8 with B 15mg/kg q3 weeks
cycles 6–26

95 CRR Intention to
treat:
Arm 1) CRR:
51.8%
Arm 2) CRR:
58.6%
IDS only
patients:
Arm 1) CRR:
86.4%
Arm 2) CRR:
85.5%

IDS performed in
65% of patients
CRR �45%
considered
statistically
significant

[24]

MITO16A-
MaNGO OV2A
(NCT01706120)

Phase IV,
multicenter,
non-
randomized

Overall
Cohort: stage
IIIB, IIIC or IV
EOC
Subgroup
limited to
patients who
underwent IDS

C AUC 5, T 175 mg/m2 + B
15mg/kg q3 weeks followed by
IDS, then C AUC 5, T 175 mg/m2
q3 weeks + B 15mg/kg q3 weeks
adjuvant

79
Descriptive
subgroup
analysis

CRR: 63.5%
CR �1cm:
86.5%

79 patients (19.8%)
of overall study
population
underwent IDS

[29]

Dose dense
paclitaxel

OCTAVIA
(NCT00937560)

Phase II, single
arm, open
label

High-risk
early-stage
disease, and
stage III or IV
any grade EOC

C AUC 6 day 1, T 80mg/m2 days
1, 8, 15 and B 7.5mg/kg day 1 q3
weeks for 6–8 total cycles with B
maintenance q3 weeks through
17 cycles

189 PFS Median PFS:
23.7 months
(95% CI,
19.8–26.4
months)

High risk early
stage: stage I–IIA
with grade 3
histology
PFS �18 months
prespecified as
clinically
meaningful

[33]

GOG-0262
(NCT01167712)

Phase III,
multicenter,
randomized,
open label

Stage II to IV
EOC

Arm 1) C AUC 6, T 175 mg/m2 q3
weeks for six cycles
Arm 2) C AUC 6 day 1, T
80mg/m2 days 1, 8, 15 q3 weeks
for six cycles
Both arms stratified by optional
B 15 mg/kg q3 week

580 PFS Arm 1)
PFS w/ B:
14.7 months
PFS w/o B:
10.3 months
Arm 2)
PFS w/ B:
14.9 months
PFS w/o B:
14.2 months

580 patients (84%)
of overall cohort
received
bevacizumab
Median PFS in
patients who opted
for bevacizumab
was not different in
patients who
received paclitaxel
weekly versus every
3 weeks (14.9 vs
14.7 months, HR:
0.99; 95% CI: 0.83
to 1.20; p = 0.60)

[4]

Intraperitoneal
chemotherapy

GOG-0252
(NCT00951496)

Phase III,
multicenter,
randomized,
open label

Stage II to IV
EOC

Arm 1) IV C AUC 6 day 1, IV T
80mg/m2 days 1, 8, 15 q3 weeks
for cycles 1–6 and B 15 mg/kg q3
weeks cycle 2–22
Arm 2) IP C AUC 6 day 1, IV T
80mg/m2 days 1, 8, 15 q3 weeks
for cycles 1–6 and B 15 mg/kg q3
weeks cycles 2–22
Arm 3) IV T 135 mg/m2 day 1, IP
cisplatin 75 mg/m2 day 2, IP T 60
mg/m2 day 8 q3 weeks for cycles
1–6 and B 15 mg/kg q3 weeks
cycles 2–22

1560 PFS Arm 1) 24.9
months (ref.)
Arm 2) 27.4
months (HR:
0.925; 95%
CI: 0.802 to
1.07)
Arm 3) 26.2
months (HR:
0.977; 95%
CI: 0.847 to
1.13)

There was no
benefit of IP
therapy in this trial
IP cisplatin with
bevacizumab
increased
hypertension and
led to bevacizumab
discontinuation and
overall fewer cycles
of chemotherapy

[37]

Alternative
platinum and
taxane based
therapy

TEACO
(NCT00296816)

Phase II, single
arm, open
label

Stage IB to IV
EOC

Oxaliplatin 85 mg/m2, docetaxel
75 mg/m2, and B 15 mg/kg q3
week, followed by maintenance
B for up to 1 year

132 PFS rate PFS rate, 12
months:
65.7% (95%
CI: 53.4% to
76.7%)
Median PFS:
16.3 months

PFS rate at 12
months considered
statistically
significant

[40]

EOC: Epithelial ovarian cancer; C: Carboplatin; T: Paclitaxel; B: Bevacizumab; IDS: Interval debulking surgery; CRR: Complete resection rate; CR: Complete resection; PFS: Progression-free
survival; IP: Intraperitoneal; IV: Intravenous.
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Bevacizumab with intraperitoneal chemotherapy
In optimally debulked patients with stage III ovarian cancer randomized to intraperitoneal (IP) cisplatin/IV pa-
clitaxel or IV cisplatin/IV paclitaxel, there is an improvement in PFS (23.8 vs 18.3 months; HR: 0.80; 95% CI:
0.64–1.0) and OS (65.6 vs 49.7 months; HR: 0.75; 95% CI: 0.58–0.97) in patients who receive IP chemother-
apy [35]. This survival advantage was seen despite only 42% of patients completing all six cycles of IP chemotherapy
due to significant toxicity. The first study to include bevacizumab in an IP chemotherapy regimen was a Phase II trial
of 41 patients treated with IP cisplatin, IV paclitaxel and IV bevacizumab, notably the dose of cisplatin in this trial
was reduced compared with GOG-172 and IV paclitaxel was given over 3 h instead of 24 h [36]. The median PFS
was estimated to be 28.6 months (95% CI: 19.1–38.9 months). More importantly, the addition of bevacizumab
to IP chemotherapy was shown to be feasible, with 73% of patients were able to receive all six cycles, although
safety concerns were raised over an increased number of bowel obstructions and hypertension. GOG-0252 is a
randomized Phase III trial of 1560 patients with stage II–IV optimally debulked ovarian cancer with three arms: IP
carboplatin/IV paclitaxel/IV bevacizumab; IP cisplatin/paclitaxel and IV paclitaxel/bevacizumab; or the control
group IV carboplatin/paclitaxel/bevacizumab. There was no statistically significant difference in median PFS (27.3
vs 26.0 vs 24.9 months) or OS (74.2 vs 67.6 vs 75.4 months) among the three arms [37]. The study protocol
used a reduced dose of IP cisplatin in an attempt to limit toxicity, however, this dose was still less well tolerated
than IP or IV carboplatin with lower patient reported outcome scores and an increase in bevacizumab-induced
hypertension. GOG-0252 is noteworthy as it is the first of the four IV/IP Phase III clinical trials to isolate the
effect of IP chemotherapy. While OS data are not mature, it is unlikely that IP intervention in GOG-0252 will
result in a survival advantage. Stated differently, with bevacizumab in each of the arms of GOG-0252, IP therapy
is no longer a clinically meaningful contribution in the population studied.

Recently, the results of a randomized, open-label, Phase III study of the use of hyperthermic intraperitoneal
chemotherapy (HIPEC) in patients with stage III EOC were published and showed a 3.5-month improvement in
recurrence-free survival (10.7 vs 14.2 months; HR: 0.66; 95% CI: 0.50–0.87) and a 12-month OS advantage (45.7
vs 33.9 months; HR: 0.67; 95% CI: 0.48–0.94) in patients receiving one dose of HIPEC with cisplatin in addition
to NACT [38]. There are very limited data on the use of bevacizumab with upfront HIPEC. In one Phase I trial
where bevacizumab therapy was planned to start 10–14 weeks after cytoreductive surgery and HIPEC treatment,
only two-thirds of patients could be safely started on bevacizumab maintenance and only seven patients could
complete all 22 cycles. There were two (10%) GI adverse events [39]. There are no current ongoing clinical trials
involving bevacizumab and HIPEC for first-line treatment, however, HIPEC with secondary cytoreductive surgery
is being investigated in the recurrent setting (NCT01376752) with the addition of bevacizumab (NCT03220932).

Bevacizumab maintenance therapy duration
In both GOG-0218 and ICON-7, the maximum separation of the survival curves occurred at the point when
bevacizumab maintenance therapy was stopped per protocol suggesting that angiogenesis resumes unaltered after
bevacizumab is discontinued. This raises questions about the optimal duration of bevacizumab therapy. The ROSiA
study evaluated the safety and efficacy of extended maintenance bevacizumab. In this study, patients with newly
diagnosed stage II–IV EOC were treated with carboplatin/paclitaxel/bevacizumab for four to eight cycles and then
bevacizumab was continued until disease progression [18]. The patient population was similar to ICON-7, with 24%
of patients with stage IV disease and 34% of patients suboptimally debulked. The median time of bevacizumab
exposure was 15.5 months and 29% percent of patients were on maintenance bevacizumab for more than 2 years.
Seventeen percent of patients discontinued bevacizumab due to toxicity and the median time to toxicity-related
discontinuation was 9.9 months. The overall median PFS was 25.5 months (95% CI: 23.7–27.6 months) and in
high-risk patients was 18.3 months. The median OS was unable to be determined due to the low rate of events
(2-year OS was 85%). Although comparisons between studies are problematic, the data suggest that there is a PFS
and OS survival benefit with extended bevacizumab maintenance. The ENGOT Ov-15 Trial AGO-OVAR 17
(BOOST) trial is a prospective randomized Phase III trial to evaluate optimal maintenance bevacizumab treatment
duration in newly diagnosed ovarian cancer (NCT01462890). Patients are randomized to receive either 22 or 44
cycles of bevacizumab. The primary outcome measure is PFS and estimated study completion is in 2021.

Bevacizumab with alternate platinum & taxane-based regimens
An alternative adjuvant chemotherapy regimen of oxaliplatin, docetaxel and bevacizumab was investigated in a
Phase II clinical trial of 132 patients with EOC [40]. Oxaliplatin and docetaxel is thought to be less neurotoxic
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than carboplatin/paclitaxel. The antiangiogenic activity of docetaxel might also be greater than paclitaxel. 90%
of patients were advanced stage and 37% were suboptimally debulked. The ORR was 73%, median PFS was
16.3 months and median OS was 47.2 months, demonstrating similar efficacy to carboplatin/paclitaxel.

Bevacizumab for ROC
Despite a favorable response to initial treatment, over 80% of EOC will recur and after recurrence the most
important prognostic factor for the success of future therapies is the platinum-free interval (PFI). Improved survival
has been noted in patient with longer PFI [41]. In patients who do recur, the probability of responding to a second
platinum-based regimen is 0% for refractory, less than 10% for resistant, 30% for partially sensitive and more than
50% for sensitive. In general, platinum-containing chemotherapy doublets are used to treat platinum-sensitive
recurrence and single-agent chemotherapy is used to treat platinum-resistant ovarian cancer recurrence. The use
of bevacizumab for recurrent platinum-sensitive and platinum-resistant ROC has been explored in three Phase III
clinical trials (Table 1) and numerous Phase II trials.

Bevacizumab for platinum-sensitive EOC
For platinum-sensitive ovarian cancer, three carboplatin-based chemotherapy regimens have been shown to be
equally efficacious: carboplatin/paclitaxel [42], carboplatin/gemcitabine [43] and carboplatin/pegylated liposomal
doxorubicin (PLD) [44], although treatment regimens should be suited to the individual. Additionally, maintenance
therapy with poly(ADP-ribose) polymerase (PARP) inhibitors are the FDA approved for the treatment of recurrent
platinum-sensitive chemotherapy.

OCEANS was a randomized, double-blind Phase III trial of bevacizumab in addition to chemotherapy for
patients with platinum-sensitive ROC at first recurrence [11]. In this study, 484 patients were randomized to receive
six to ten cycles of either gemcitabine/carboplatin (GC) or gemcitabine/carboplatin/bevacizumab followed by
bevacizumab maintenance until disease progression. 42% of the cohort had platinum partially sensitive disease
and 11% had secondary cytoreductive surgery. Patients received a median number of 12 (range: 1–43) cycles of
bevacizumab and at time of final analysis, 12% of patients were not known to have discontinued bevacizumab. After
24 months of follow-up, the addition of bevacizumab to carboplatin/gemcitabine improved PFS by 4 months (12.4
vs 8.4 months; HR: 0.48; 95% CI: 0.39–0.61) and improved the ORR by 21% (78.5 vs 57.4%; p < 0.001). In
platinum partially sensitive patients, the median PFS was 12.5 for the bevacizumab arm compared with 7.4 months
for the control arm (HR: 0.36; 95% CI: 0.25–0.53). The results were confirmed in an independent radiologic
review of the data [45]. After 58 months of follow-up, the median OS was similar between the two arms (GC plus
bevacizumab: 33.6 months; GC only: 32.9 months; HR: 0.95; 95% CI: 0.77–1.18). In subgroup analysis (stratified
by age, PFI and tumor size), there was also no OS benefit [19]. Of note, after progression approximately 90% of
patients received an alternative chemotherapy agent, and the median number of subsequent therapies was five, which
confounds the interpretation of OS. There was a noted increase in adverse events in the bevacizumab containing
group including hypertension, proteinuria and serious adverse events, which resulted in drug discontinuation in
20% of patients compared with 5% in the placebo arm.

In GOG-0213, an open-label randomized Phase III trial of EOC patient with first recurrence of platinum-
sensitive cancer, the objective was to evaluate the efficacy of both bevacizumab and secondary cytoreduction on
OS [12]. For the bevacizumab objective, 674 patients were randomized to receive either carboplatin/paclitaxel
or carboplatin/paclitaxel/bevacizumab for six to eight cycles followed by bevacizumab maintenance until disease
progression or toxicity. A separate cohort of patients eligible for secondary cytoreduction could be randomized to
this objective, and 16% of patients had secondary cytoreductive surgery. Prior treatment regimens for the cohort
included prior IP chemotherapy (18%), maintenance chemotherapy (13%) and prior bevacizumab treatment
(10%). Although there was initial misclassification of disease-free interval leading to an overestimation of platinum
partially sensitive patients, 25% of patients were ultimately determined to be platinum partially sensitive. The
regimen was well tolerated and maintenance bevacizumab continued for a median of 16 cycles. The median OS
in the bevacizumab group was 49.6 months, compared with 37.3 months in the chemotherapy only group (HR:
0.823; 95% CI: 0.680–0.996). After controlling for patients who were additionally randomized to secondary
cytoreduction, were platinum partially sensitive and who had received prior bevacizumab treatment, median PFS
was significantly increased by 3 months in the chemotherapy plus bevacizumab group (13.8 vs 10.4 months; HR:
0.63; 95% CI: 0.53–0.74). There was a 14% increase in complete response rate (32 vs 18%) in patients in the
bevacizumab arm. As expected, there was overall greater toxicity with incorporation of bevacizumab, however, there
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were no differences in QOL scores among the two arms at any time in the study. After disease progression, over 80%
of patients received additional treatment, with almost half of patients receiving three or more lines of treatment.
Secondary cytoreduction was ultimately found to have no improvement in PFS or OS, though there was improved
PFS seen in patients with complete surgical debulking compared with patients with suboptimal debulking (HR:
0.51; 95% CI: 0.36–0.72) or no debulking surgery (HR: 0.68; 95% CI: 0.51–0.90).

Both treatment regimens used in OCEANS and GOG-0213 have been approved by the US FDA for this use.
More recently studies have looked into the combination of carboplatin, PLD and bevacizumab. The Phase III
AGO OVAR 2.21 that was presented in abstract form at ESMO in November 2018 demonstrated significantly
superior PFS with carboplatin/PLD/bevacizumab (CG-BEV) versus carboplatin/gemcitabine/bevacizumab (CG-
BEV; HR: 0.81; 95% CI: 0.68–0.96). Median PFS was 11.7 months in the control arm versus 13.3 months in the
CG-BEV experimental arm [46]. The median OS was 28.2 months with CG-BEV vs 33.5 months with CD-BEV
(HR: 0.83; p = 0.079). Toxicities and QOL scores were additionally similar between the two arms.

Bevacizumab for platinum-resistant EOC
Patients with platinum-resistant disease have a poorer response rate to chemotherapy (typically 10–20%) compared
with platinum-sensitive disease (ORR typically 50–60%) and thus a poorer prognosis. With enough recurrences, all
patients are thought to develop platinum-resistant disease [47]. Standard treatment for recurrent platinum-resistant
EOC is single-agent cytotoxic therapy, commonly with paclitaxel, PLD, gemcitabine, topotecan or etoposide, but
other agents are active as well. With the results of a Phase III study of bevacizumab in addition to single-agent
therapy in platinum-resistant EOC, bevacizumab is the FDA approved as a combination therapy for this population.

The AURELIA trial is a Phase III, open-label randomized trial of three different single-agent chemotherapies
(PLD, paclitaxel, topotecan) alone or in addition to bevacizumab in patients with recurrent platinum-resistant
ovarian cancer who had received no more than two prior lines of chemotherapy [10]. Single-agent chemotherapy was
investigators choice and patients were randomized to bevacizumab. The PLD cohort was the first to be fully recruited
as this was the preferred regimen by participating physicians. A total of 361 patients were enrolled, and 25% had
a PFI of less than 3 months, 40% had two prior chemotherapy lines and 7% had prior antiangiogenic therapy.
A median of six cycles of chemotherapy was received by the bevacizumab arm prior to progression or toxicity,
compared with a median of three cycles in the chemotherapy alone arm. The median PFS in patient receiving
chemotherapy plus bevacizumab compared with chemotherapy alone was 6.7 versus 3.4 months (HR: 0.42; 95%
CI: 0.32–0.53). These results were confirmed on independent radiologic review [48]. This effect remained regardless
of PFI or size of recurrent lesion. The ORR was 30.9% in the chemotherapy plus bevacizumab group compared
with 12.6% for chemotherapy alone. There was no statistically significant difference in OS between the regimens.
In the chemotherapy alone arm, 40% of participants were switched to single-agent bevacizumab after progression.
This crossover likely confounded the OS results. In an exploratory analysis, patients who received bevacizumab with
chemotherapy had a 32% reduction in risk of death (HR: 0.68; 95% CI: 0.52–0.90) when compared with patients
who never crossed over to bevacizumab. Similarly, patients who crossed over to bevacizumab after progression
on chemotherapy alone had a 40% decrease in risk of death (HR: 0.60; 95% CI: 0.43–0.86) compared with
patients with no crossover [49]. There was greater improvement in PFS and OS in patients who were secondarily
platinum-resistant, compared with those who were primarily resistant [50]. Bevacizumab was well tolerated, safe
and the addition of bevacizumab to the treatment regimen resulted in a greater than 15% improvement in GI
symptoms on QOL questionnaires in 22% of patients [51].

The effect of each individual chemotherapy regimen was explored in a subsequent analysis [52]. Since patients
were not randomized to chemotherapy arm, results should be interpreted with caution, although analysis of baseline
characteristics showed that the arms only differed in the proportion of patients who had received two prior lines of
chemotherapy. The PFS was longer with the addition of bevacizumab to each chemotherapy cohort with median
PFS of 10.4 versus 3.9 months in the paclitaxel cohort (HR: 0.46; 95% CI: 0.30–0.71), 5.4 versus 3.5 months in the
PLD cohort (HR: 0.57; 95% CI: 0.39–0.83) and 5.8 versus 2.1 months in the topotecan cohort (HR: 0.32; 95%
CI: 0.21–0.49). While no chemotherapy arm reached significance with respect to OS, paclitaxel plus bevacizumab
had a noticeable effect, with a median OS of 22.4 versus 13.2 months (HR: 0.65; 95% CI: 0.42–1.02). Likewise,
the ORR was increased in the chemotherapy plus bevacizumab arms with paclitaxel having a 23.1% increase in
ORR (53.3 vs 30.2%), topotecan having a 17.0% improvement in ORR (17.0 vs 0%) and PLD having a 5.9%
difference in ORR (13.7 vs 7.8%). Thus, in this study paclitaxel was most active regimen.
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Numerous Phase II trials have been conducted on alternative single-agent chemotherapy plus bevacizumab
regimens. Chemotherapy agents that are shown to have more than 20% ORR with addition of bevacizumab
include oral metronomic cyclophosphamide (24%) [7], nabpaclitaxel (50%) [53], PLD with q3 weeks bevacizumab
dosing (30%) [54], weekly PLD with weekly bevacizumab dosing (33%) [55], pemetrexed (41%, only 33% of patients
platinum-resistant) [56] and irinotecan (27.9%, two-thirds of patient platinum-resistant) [57]. While these studies
have shown treatment with a single-agent chemotherapy agent plus bevacizumab appear to be safe and effective,
randomized trials will need to be conducted before any of these findings can be validated.

The initial studies of bevacizumab in ovarian cancer were with bevacizumab as a single agent in pretreated
patients. In GOG-0170D, 62 patients with recurrent ovarian cancer and up to two prior lines of chemotherapy
were treated with single-agent bevacizumab until disease progression or toxicity [5]. Fifty-eight percent of patients
were platinum resistant. Single-agent bevacizumab resulted in an ORR of 21%, the median PFS was 4.7 months
and the OS was 17 months. There were no major adverse events and patients received a median of seven cycles.
The results of an industry-sponsored study with a similar design were published simultaneously [6]. In this study,
patients were allowed to have received three prior chemotherapy regimens and 84% were platinum resistant. After
enrolling 44 patients, the study was stopped prematurely due to safety concerns as there was an 11.4% rate of GI
perforation. The ORR was 15.9% (all in platinum-resistant patients) and 61.4% had stable disease. The median
PFS was 4.4 months (95% CI: 3.1–5.5 months) and the median OS was 10.7 months. In another study of 32
patients with heavily pretreated ROC and a median of five prior lines of chemotherapy, the addition of single-agent
bevacizumab resulted in an ORR of 16% with 62.5% of patients with stable disease, a median PFS of 5.5 months
and a median OS of 6.9 months [58]. These studies show that single-agent bevacizumab has an activity similar to
other single-agent chemotherapies in recurrent platinum-resistant EOC, but less than the benefit of combination
therapy [59].

There have been few studies in patients who are heavily pretreated and most are retrospective in nature. Tillmanns
et al. reported a substantial improvement in ORR (50%; 95% CI: 34.8–65.1%) and PFS (8.8 months; 95% CI:
5.8–10.2 months) in patients with up to six prior lines of chemotherapy (median two lines chemotherapy) using
albumin-bound paclitaxel and bevacizumab [53]. In a review of 15 patients with recurrent platinum-resistant ovarian
cancer and a median of five prior lines of chemotherapy, single-agent bevacizumab had an ORR of 13% with 40%
stable disease, the median PFS was 6.6 months and the median OS was 15.0 months [60]. There were no GI
perforations. In another retrospective study, the addition of bevacizumab to weekly paclitaxel in patients with a
median of four prior chemotherapy regimens, resulted in a 15% increase in ORR (63 vs 48%) and a 7-month
increase in median PFS (13.2 vs 6.2 months; p < 0.01) [61]. After one retrospective study of combination low-
dose metronomic oral cyclophosphamide and bevacizumab in ROC patients with a median of four prior lines
showed an ORR of 40%, the same investigators then prospectively studied combination low-dose metronomic oral
cyclophosphamide and bevacizumab in 15 patients with a median number of eight prior chemotherapy regimens,
and reported an ORR of 53% without noting any major GI complications [62].

Timing & readministration of bevacizumab
The benefit of bevacizumab therapy in the upfront maintenance setting and also in the recurrent ovarian cancer
setting raises questions about the timing of bevacizumab therapy and the benefit of retreatment with bevacizumab
after an initial complete response to a bevacizumab-containing regimen. Bevacizumab in the upfront setting
has shown an improvement in PFS, but the HRs for PFS are smaller for recurrent ovarian cancer indicating a
potentially larger treatment effect for ROC [63]. There is limited evidence that bevacizumab given upfront may
also alter recurrence patterns such that there is a higher rate of lung and pleural recurrence and lower rate of liver
recurrence, possibly due to a longer PFI for peritoneal cavity disease with bevacizumab [64].

The readministration of bevacizumab in patient previously treated with bevacizumab has shown efficacy in
breast cancer [65] and metastatic colon cancer [66]. The biologic rationale behind retreating is that in addition to
the antiangiogenic effects of bevacizumab, there might also be a normalization of tumor vasculature that improves
chemotherapeutic drug delivery to the tumor cells. Recent clinical trials of recurrent ovarian cancer include subsets
of patient who have had prior treatment with bevacizumab. However, in these studies, patients were stratified by
prior bevacizumab therapy to avoid confounding and this limits analysis of the effect of prior bevacizumab treatment
on PFS. In one study of 29 patients with heavily pretreated ovarian cancer (median five prior regimens), nearly
half of patients had previously received bevacizumab [57]. The patients with prior bevacizumab who were treated
with combination irinotecan and bevacizumab demonstrated similar ORR to patients who were bevacizumab
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naı̈ve, suggesting that prior bevacizumab treatment may not alter the efficacy of subsequent treatment. The
ENGOT Ov-17; MITO 16b; MANGO-OV2b trial was a multicenter, Phase III randomized study of second-line
chemotherapy with bevacizumab in 405 patients with platinum-sensitive ROC treated with prior bevacizumab in
first-line chemotherapy. 36% of patients were platinum partially sensitive. Patients rechallenged with platinum-
based doublet therapy and bevacizumab demonstrated a significant improvement in PFS (11.8 vs 8.8 months; HR:
0.51; 95% CI: 0.41–0.64), but there was no difference in OS [67]. Retreatment with bevacizumab was additionally
explored in AGO OVAR 2.21 in which 50% of patients enrolled had prior treatment with bevacizumab. Based
on available data, retreatment with bevacizumab was both safe and efficacious with a significant PFS improvement
seen in the subgroup of patients with previous antiangiogenic treatment [46].

Response to bevacizumab as first-line therapy is not predictive of response to retreatment [68]. One retrospective
study has studied the role of readministering bevacizumab therapy after cancer progression and found that there
was a 25% response rate in patients who had responded to the prior bevacizumab therapy and also an 18% response
rate in patients who did not respond to their first-line chemotherapy with bevacizumab [69]. Similar to PFI, a
retrospective study found that the bevacizumab-free interval may be prognostic, raising the question if prolonging
the bevacizumab-free interval with a non-antiangiogenic agent may improve response to treatment. Patients with
an interval greater than 9 months had a median OS of 24.3 months compared with 6.8 months in patient with an
interval less than 9 months (p = 0.003) [68].

Palliative use of bevacizumab for malignant ascites
Bevacizumab helps to decrease ascites by normalizing the vasculature in otherwise leaky tumors. In AURELIA,
treatment with bevacizumab reduced the proportion of patients requiring a paracentesis compared with single-agent
chemotherapy (2 vs 17%). Patients reported improved QOL with less symptomatic ascites. Treatment of ascites
with IP bevacizumab (5 mg/kg monthly) has been reported with resolution of ascites for at least 2 months and
minimal side effects [70]. Another study of combination cisplatin and bevacizumab 300 mg q2 weeks for 6 weeks,
patients randomized to IP cisplatin/bevacizumab compared with cisplatin only reported a very high ORR (90.3 vs
59.3 %; p < 0.05) with improved QOL scores (93.55 vs 48.15 %; p < 0.05) [71]. Similarly, bevacizumab has been
reported to resolve pericardial and pleural effusions in ovarian cancer patients.

Bevacizumab in combination with other targeted therapies
Recently, there has been significant advancement in the use of targeted therapies for ovarian cancer including PARP
inhibitors, immune checkpoint inhibitors and antiangiogenic agents. There are several clinical trials investigating
the interaction between bevacizumab and other targeted therapies (Table 4).

PARP inhibitors & bevacizumab
PARP inhibition has been shown to reduce angiogenesis in vivo [72]. Likewise, antiangiogenic agents are thought
to increase the efficacy of PARP inhibitors by decreasing the expression of genes and proteins that are involved in
homologous recombination repair (HRR). The efficacy of olaparib and a different antiangiogenic agent, cediranib,
have shown to improve PFS [73], and there is believed to be a synergistic effect of antiangiogenesis and PARP
inhibition. The PARP inhibitors niraparib, olaparib and rucaparib have all shown efficacy as maintenance therapy
in recurrent platinum-sensitive ovarian cancer, regardless of BRCA status. Olaparib and rucaparib are additionally
the FDA approved for recurrent platinum-resistant EOC in patients with a known germline BRCA mutation.
Most recently, the publication of the Phase III randomized, blinded study of maintenance olaparib in germline
BRCA-mutated patients with newly diagnosed advanced ovarian cancer (SOLO-1) showed the risk of disease
progression or death was 70% lower with maintenance olaparib than with placebo and the median PFS was not
reached after 41 months [74]. With the results of SOLO-1, maintenance olaparib in patients with germline BRCA
mutations is a new standard of care, however, patients who received bevacizumab were excluded from SOLO-1.
There are several ongoing clinical trials specifically addressing the efficacy of combination PARP inhibitors and
bevacizumab. PAOLA-1 (ENGOT-ov25) is a Phase III randomized, controlled trial of olaparib in patients with
newly diagnosed EOC on bevacizumab maintenance therapy (NCT02477644). The results of PAOLA-1 after a first
prespecified data cutoff were presented in September 2019. The addition of olaparib to bevacizumab maintenance in
patients with newly diagnosed, advanced stage EOC showed an increase in median PFS compared to bevacizumab
maintenance alone (22.1 months vs 16.6 months, HR 0.59 (95% CI 0.49–0.72; p < 0.0001). The combined
maintenance regimen was well tolerated. Subgroup analysis showed patients with a BRCA mutation or homologous
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recombination deficiency had the greatest benefit in PFS [75]. ENGOT-OV24/AVANOVA (NCT02354131) is a
Phase II trial comparing both bevacizumab and niraparib to niraparib alone in platinum-sensitive recurrent EOC.
The combination of both bevacizumab and niraparib improved progression-free survival compared to niraparib
alone (11.9 months vs 5.5 months, HR 0.35; p < 0.0001) and may offer an option for combined molecular therapy
in patients who cannot receive platinum-based chemotherapy [76,77]. Similar trials of niraparib (NCT03326193)
and rucaparib (NCT03462212) in combination with bevacizumab in newly diagnosed EOC are recently underway.
The PARP inhibitor veliparib has been shown to sensitize alkylating agents and is generally well tolerated. The
use of veliparib with carboplatin/PLD/bevacizumab was investigated in a Phase I trial, however, the combination
bevacizumab and veliparib led to a dose limiting toxicity in 75% of patients.

Immune checkpoint inhibition & bevacizumab
The PD-1 pathway prevents cell death from the immune system through a negative feedback loop and is overex-
pressed in many cancers. Inactivation of the PD-1 receptor or binding of the PD-L1 ligand allows T cells to target the
tumor cells. There is thought to be a synergistic effect between antiangiogenic agents and immune checkpoint in-
hibitors as abnormal tumor vasculature may prevent immune cell trafficking. There are many upcoming studies with
immune checkpoint inhibitors and bevacizumab including the PD-L1 inhibitors atezolizumab (NCT03038100,
NCT03353831, NCT02659384, NCT02891824, NCT03363867) and avelumab (NCT03197584) and the PD-1
inhibitors pembrolizumab (NCT02853318, NCT03275506) and nivolumab (NCT02873962).

Dosing
The dosing regimen chosen in GOG-0218 is 15 mg/kg q3 weeks based on a half-life of 20 days when given
intravenously, and is the dosing approved for non-small-cell lung cancer [8]. ICON7 used the 7.5 mg/kg q3 weeks
dosing that is approved for metastatic colorectal cancer in Europe. For recurrent ovarian cancer, the FDA has
approved dosing based on the study protocols for OCEANS, GOG-0213 and AURELIA; for platinum-sensitive
cancer, bevacizumab is given 15 mg/kg q3 weeks. In platinum-resistant cancer, bevacizumab 15 mg/kg is given
every 3 weeks with topotecan and bevacizumab is given 10 mg/kg q2 weeks with weekly paclitaxel, PLD and
weekly topotecan. The decision to give bevacizumab either every 3 weeks or 2 weeks takes into consideration the
dosing schedule of the concurrent chemotherapy for ease of administration, as both regimens are 5 mg/kg per
week and achieve a similar steady-state exposure [76]. While high-quality studies are limited, there appears to be no
difference in efficacy between the high-dose (5 mg/kg per week) and low-dose regimens (2.5 mg/kg per week) and
the low-dose regimen may have fewer dose-related side effects.

Predictors of response to bevacizumab
Studies of biomarkers and genetic polymorphisms associated with survival outcomes with bevacizumab have been
explored in many small studies, as well as subset analysis in many randomized, controlled trials. Although these
studies need further validation, they nonetheless provide candidate markers for individualized care.

Predictors of response
Despite early promising results, serum biomarkers of angiogenesis, including expression of VEGF-A and VEGFR,
have not been shown to predict survival [77–81]. Both GOG-0218 and ICON7 investigated candidate biomarkers.
In GOG-0218, patients with the highest quartile of tumor VEGF-A levels demonstrated an OS advantage, but no
difference in PFS, and plasma VEGF-A was not correlated with response [82]. Higher microvessel density of tumor
samples in GOG-0218 was associated with greater efficacy of bevacizumab [82]. In ICON-7, a combination of
high ANG-1 and low TIE-2 were predictive of improved PFS, but 13 other angiogenesis-related factors including
various isoforms of VEGF and VEGFR had no predictive value [83]. Another ICON-7 study sought to identify
candidate biomarkers by comparing protein expression between responders and nonresponders; a combination of
CA-125, FLT4 (VEGFR3), AGP and mesothelin levels was predictive of OS [84]. Several other predictive biomarkers
have been explored in small studies with positive results but no biomarker has been validated in large prospective
studies [85–88] HRR gene mutations, including BRCA1 and BRCA2, were shown to be predictive of survival in the
GOG-0218 cohort, but there was not shown to be an interaction between HRR gene mutations and response to
bevacizumab [89].

Imaging biomarkers of bevacizumab response have been explored as proof of concept with promising results.
Contrast-enhanced computed tomography (CT) can be used to measure tumor blood flow, blood volume and vessel
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permeability surface product and can be incorporated into standard CT-based treatment monitoring protocols.
ACRIN 6695 was an exploratory study of the GOG-0262 cohort using CT perfusion-based biomarkers to predict
survival outcomes [90]. In this study, increased tumor blood flow and blood volume were associated with shorter
PFS. One disadvantage of radiographic biomarkers is that they require a targetable lesion, however, this is less of
a concern for bevacizumab front-line therapy where suboptimally debulked patients derive the greatest treatment
benefit. CT perfusion is currently being prospectively studied in a Phase II open-label study by the ECOG-ACRIN
Cancer Research Group (NCT03412630).

Prior number of chemotherapy regimens, treatment-free interval, platinum sensitivity and ascites are all well-
studied prognostic factors for PFS in EOC [91]. Increased adiposity is associated with poor prognosis as adipose
cells are known to produce VEGF. In patients dichotomized to BMI above and below the median BMI of 28.4,
median PFS was shorter for patients with high BMI (9.8 vs. 24.7 months; p = 0.03) in the group receiving first-line
chemotherapy with bevacizumab [92]. The MITO-16 - MANGO-OV2 is a Phase IV exploratory study prognostic
clinical factors and biomarkers with patients receiving upfront chemotherapy with bevacizumab (NCT01706120).

Monitoring response to bevacizumab
Measurement of disease with CT imaging is the most reliable measurement of recurrence. Data on the correlation
of CA-125 and radiologic response in patients treated with bevacizumab are limited but the two are generally
shown to correlate [93,94]. CA-125 may become a less reliable marker with extended bevacizumab treatment [95].
Early-onset HTN [96] and possibly resolution of ascites are clinical indicators of tumor response.

Resistance to bevacizumab
Studies on resistance to bevacizumab have been limited to date. Resistance to bevacizumab therapy may be
mediated by alternative angiogenesis pathways [97]. In in vitro models, it is hypothesized that tumors may bypass
the VEGF pathway and instead promote angiogenesis through PI3K/Akt activation of the proangiogenic factor
FGF2 [98]. Another study showed that tumor cells secrete hypoxia-induced microseminoprotein that triggers MAPK
signaling of angiogenesis in endothelial cells [99]. Capecitabine, a prodrug of the chemotherapeutic agent 5-FU
(5-fluorouracil) that is thought to be antiangiogenic through alternative pathways, has been shown to overcome
bevacizumab resistance [100].

Conclusion
Bevacizumab has demonstrated a modest survival benefit in the frontline, platinum-sensitive and platinum-recurrent
settings but questions remain as to when to administer bevacizumab. Until ongoing clinical trials of combination-
targeted maintenance therapies are completed, the decision on which maintenance strategy to use will depend on
multiple patient-related factors such as platinum-sensitivity, BRCA status, presence of homologous recombination
deficiency, disease burden, associated symptoms and anticipated toxicities. In some cases, such as the BRCA-
mutated population, PARP inhibitor therapy is the clear choice for maintenance therapy. In the frontline setting,
bevacizumab seems best suited for BRCA-negative patients with high-risk disease. For platinum-sensitive disease,
adding bevacizumab to carboplatin/paclitaxel has shown an OS benefit. For platinum-resistant recurrent disease,
the largest survival benefit was seen with the weekly paclitaxel/bevacizumab group. Taken together, there may be
a synergistic effect in administering paclitaxel and bevacizumab. Previously, consideration was given on whether to
‘save’ bevacizumab for recurrent disease, although more recent data support that readministration of bevacizumab
is safe and efficacious. Ultimately, there is a strong need for biomarkers to individualize maintenance therapy and
until such biomarkers are discovered, the decision on when to administer bevacizumab will remain at the discretion
of the provider based on a multitude of factors.
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Executive summary

• The addition of bevacizumab maintenance to standard frontline cytotoxic chemotherapy results in a 3–4-month
increase in progression-free survival. The survival advantage is most pronounced in high-risk subgroups.

• GOG-0213 was the only study to show an overall survival advantage of incorporating bevacizumab to standard
treatment regimens.

• In AURELIA, the largest survival benefit was seen with the weekly paclitaxel plus bevacizumab group, suggesting
a synergistic response between the two agents.

• There may be a survival advantage to readministering bevacizumab treatment and prior bevacizumab in the
upfront setting should not preclude bevacizumab in the recurrent setting.

• There are multiple studies currently underway on the combination of bevacizumab plus poly(ADP-ribose)
polymerase inhibitors and immune checkpoint inhibitors. The therapeutic effect may be synergistic.

• The most common toxicities are hypertension and proteinuria. There are no dose adjustments for bevacizumab.
• Currently, there are no prospectively validated biomarkers for response to bevacizumab.
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