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Abstract: Angiogenesis is necessary for the development of epithelial ovarian cancer (EOC) by prompting
tumor growth and supporting metastatic spread. Anti-angiogenesis agents have been studied extensively as
frontline, maintenance and recurrent treatment in EOC. Bevacizumab, a monoclonal antibody targeting
vascular endothelial growth factor (VEGF), is the most widely studied of these agents and the first to
be approved by the United States Food and Drug Administration for treatment of recurrent platinum-
resistant EOC. Recent clinical trials have also investigated VEGF independent pathways including fibroblast
growth factor (FGF) receptors, platelet-derived growth factor (PDGF) receptors, angiopoietins, and the
notch pathway. This review summarizes the clinical rationale, the mechanisms of action and clinical results
for angiogenesis inhibitors under evaluation in Phase II and III trials for EOC. Anti-angiogenesis agents
reviewed in this paper include aflibercept, bevacizumab, cediranib, fosbretabulin, nintedanib, pazopanib,
sorafenib, trebananib, and vandetanib. Due to the costs and toxicities associated with anti-angiogenics,
biomarker or molecular signature selection strategy for patients who will most benefit would be ideal, but no

such strategy has been validated to date.
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Epithelial ovarian cancer (EOC) is the 7" most common
cancer among women, with an estimated 225,000 new
cases and 140,000 deaths worldwide in 2014 (1). The high
mortality of this cancer is related to the lack of symptoms
until advanced stage disease is present (2). Treatment of EOC
consists of a surgical cytoreduction to reduce the burden of
disease, followed by adjuvant chemotherapy. Platinum and
taxane combinations have been the standard of care for first
line treatment of EOC since the 1990s. Since introduction
of these agents, overall survival (OS) curves have remained
relatively unchanged. While 80% of patients achieve
remission with first line treatment, the majority of patients
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will relapse and ultimately die of their disease (3). Resistance
to platinum chemotherapy is generally acquired by multiple
mechanisms including increased repair of sub-lethal DNA
damage and inhibition of apoptosis. Platinum-refractory and
platinum-resistant tumors show modest clinical response or
significant survival gains with traditional treatments.

Based on this resistance and toxicities of chemotherapy,
new avenues in EOC treatment include targeting specific
tumor mutations and directing treatment at the tumor
microenvironment. The tumor microenvironment includes
dysfunctional molecular pathways including angiogenesis

or neovascularization.
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Angiogenesis

EOC spreads through the peritoneal cavity when floating
malignant cells survive and proliferate in other areas of
the abdomen. The survival of the tumors in part requires
new blood vessel development or angiogenesis. Tumors
without neovascularization are unable to grow larger than
1-2 mm’ (4). Normal tissues and organs rely on a balance
of angiogenic and anti-angiogenic forces to control growth
and development. The process of angiogenesis becomes
unbalanced in favor of new vessel formation in malignancy.
Tumor neovascularization therefore plays a pivotal role in
the survival and dissemination of EOC.

The theory of angiogenesis, which stated that specific
factors could stimulate new vasculature, first appeared in
a publication in 1939 by Ide and Warren (5). In 1971, Dr.
Folkman hypothesized that tumor growth is dependent on
the angiogenic pathway and that inhibition of angiogenesis
could be used to treat cancer (4,6).

Multiple pathways exist in the angiogenic cascade.
The vascular endothelial growth factor (VEGF) pathway
is the most widely studied. VEGF was first isolated and
cloned by Genentech, Inc. The group demonstrated that
mice without VEGF had a dramatically reduced ability to
form tumors (7). VEGF binds to a tyrosine kinase surface
receptor that spans the cell membrane. Activation occurs
thru transphosphorylation. The most studied VEGF
receptors are VEGFR-1, VEGFR-2, and VEGFR-3. VEGF
is up regulated in EOC, thereby promoting angiogenesis,
and cellular adhesion. Elevated levels of VEGF are found
in ascites. In a review of 529 patients from six studies, high
serum levels of VEGF correlate with a higher risk of death
and recurrence and may be an independent prognostic
factor for OS (8).

Since tumor growth is reliant on neovascularization, novel
molecular agents try to block the VEGF pathway by binding
to the ligand (e.g., bevacizumab, aflibercept), the extracellular
portion of the receptor (e.g., ramucirumab) or by inhibiting
the tyrosine kinase effects on the intracellular portion of the
receptor (e.g., pazopanib, cediranib, nintedanib).

Genentech developed the first of these agents,
bevacizumab, which is a humanized monoclonal antibody
against VEGF (9-11). When bevacizumab binds to VEGE,
it blocks endothelial activation and prevents new blood
vessels from forming, which are necessary for continued
tumor growth. In tumors, the neovascularization is
disorganized and the vascular architecture is defective
or leaky. The leaky vessels allow for increased vascular

© Translational Cancer Research. All rights reserved.

71

permeability, hypoxia, and high interstitial fluid. In addition
to preventing new vessels from forming, bevacizumab
leads to vascular normalization. The normal architecture
is restored in the remaining vessels in the tumor, which
is theorized to improve blood supply to the tumor, which
increases exposure to oxygen, nutrients and chemotherapy
drug delivery. The improved treatment response with
the addition of bevacizumab to chemotherapy may be
related to this increased exposure to chemotherapy. Tumor
normalization could also negatively impact the effect of
molecular agents by preventing penetration of the antibody
into the tumor (12-14). Bevacizumab has been widely
studied in many tumor sites and it is the most studied
angiogenesis inhibitor in EOC. Another VEGF inhibitor is
aflibercept. This agent is a fusion protein consisting of the
binding domains of VEGFR-1 and VEGFR-2 and functions
as a high-affinity decoy receptor of all VEGF ligands and
placental like growth factor (PIGF) (15,16).

Angiogenesis is also mediated thru VEGF-independent
pathways including fibroblast growth factors (FGF),
platelet-derived growth factor (PDGF), and angiopoietins.
FGF binds to the FGF receptors 1 and 2 and activates
angiogenesis. PDGF recruits pericytes and assists with
blood vessel maturation (17). Cediranib is an oral inhibitor
of VEGFR [1,2,3], PDGR alpha and beta, FGRF [1], and
c-kit. Nintedanib is a potent inhibitor of VEGFR [1,2,3],
PDGFEFR (alpha, beta), and FGFR [1,2,3], members of the
v-src sarcoma viral oncogene homolog family, and fms-
like tyrosine kinase 3. Pazopanib, which is currently FDA
approved for sarcomas and renal cell carcinoma, is an oral
multiple tyrosine kinase inhibitor including VEGFR [1,
2, 3], c-KIT, FGFR, and PDGFR (alpha, beta). Sorafenib
targets VEGFR [2,3] and PDGFR-beta as well as c-kit,
FLT-3, and v-raf 1 murine leukemia viral oncogene
humalog. Vandetanib is an oral inhibitor of VEGFR-,
EGFR- and RET-signaling. The angiopoietin family
binds to the tyrosine kinase receptor, Tie2, which causes
vascular remolding by promoting endothelial sprouting
and by stabilizing endothelial junctions (18). Trebananib
(formerly AMG 386) is a peptide-Fc fusion protein that
prevents the activation of the Tie2 receptor by angiopoietin
1 and 2. The VEGF-independent pathways may allow for
resistance to agents acting only on VEGF inhibition (e.g.,
bevacizumab, aflibercept). Anti-angiogenesis agents that
inhibit multiple pathways may overcome this resistance (e.g.,
pazopanib, cediranib, nintedanib, sorafenib, vandetanib).
The VEGF-dependent and VEGF independent pathways

cause a cascade of downstream events including activation
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of the PI3K-Akt-mTOR and Ras-Raf-MEK-Erk pathways.
Drugs in development on these downstream targets include
the Ras-Raf-ERK pathway (e.g., enzastaurin, dabrafenib,
vemurafenib, etc.) and the mTOR pathways (e.g.,
temsirolimus, sirolimus, everolimus, rapamycin, etc.).

Further downstream from the VEGF pathways,
the Notch pathway has also been implicated in the
tumorigenesis of serous ovarian carcinomas. Four notch
receptors (Notch 1, 2, 3, and 4) are known to have five
corresponding receptors [jagged 1, jagged 2, delta like family
(D) 1, 3, 4]. VEGF signaling activates the Notch pathway
to increase Notch ligands, D114 (19). This up regulation
of Notch ligands subsequently down regulates VEGF
receptors (20). Inhibition of Notch/DII4 can up regulate
VEGEF receptors (21). The Notch pathways function on the
cell cycle depends on the cellular environment (22). When
comparing gene arrays between tumor containing ovarian
epithelial cells and benign ovarian cells, jagged 1 and DII4
were noted to be upregulated (23,24). Increased levels of
DIl4 were noted to have comparatively poor survival overall
when compared to low DII4 expression (25). When D114 was
silenced in mouse models (26), decreased tumor growth and
decreased angiogenesis were noted, an effect that was made
even more pronounced by the addition of bevacizumab.
Given the prevalence and cross talk in this pathway,
several targets are available. Notch signaling starts with
receptor-ligand binding, which results in a conformational
change that allows gamma secretase, an intracytoplasmic
enzyme, access to its substrate. By inhibiting gamma
secretase, downstream activation of Notch target genes is
prevented (27). Gamma secretase inhibitors (GSI) are the
most commonly studied. While it is unknown if GSIs will
play a treatment role in ovarian, fallopian tube or peritoneal
cancers, several GSIs are undergoing phase I/II studies in
EOC.

Vascular disrupting agents (VDAs) are a large group of
compounds that specifically target endothelial cells through
disruption of the cytoskeleton and cell-to-cell junctions,
inducing morphological changes and apoptosis in endothelial
cells. This leads to a cascade of events ultimately reducing
vascular flow, stasis and occlusion. The inhibition of blood
flow and the consequent hypoxia induces necrosis to the core
of tumor cells growing in proximity of mature vasculature
(28,29). Pre-clinically, this effect has been observed in
the center of the tumor, which becomes necrotic, with a
rim of highly proliferative and VEGF-sensitive cells at
the periphery. This rim of tumor cells probably survives
because it derives nutritional support from nearby normal
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blood vessels, which are less responsive to VDAs but are the
main targets of the anti-angiogenic agents, supporting the
development of combination strategies.

Phase II/1II trials have studied novel anti-angiogenics
in primary and recurrent EOC. Clinical trials have
demonstrated benefit in response rate (RR) and progression
free survival (PFS) with anti-angiogenic agents. Approval
by the United States Food and Drug Administration (FDA)
in the past has required improvement in OS. A measurable
benefit in OS however has not been achieved with anti-
angiogenic agents in EOC. The lack of benefit in EOC is
likely related to the high crossover rates among treatment
and the inability to control for treatments patients receive
after the trial closes. Based on phase III results, bevacizumab
currently has the European Commission (EU) approval for
treatment of primary and recurrent EOC. In the fall of 2014,
the FDA approved bevacizumab for recurrent platinum
resistant EOC. To date no other anti-angiogenics have been
FDA approved for use in ovarian cancer.

Methods

We designed a systematic literature review to identify
published prospective phase II/III clinical trials of anti-
angiogenic agents in women with histologically proven
EOC, fallopian tube cancer (FT'C) or primary peritoneal
cancer (PPC). PubMed/Medline databases were searched
from 1 January 2002 to 1 December 2014, using the
terms: AEE788; aflibercept; AMG 386; angiogenesis
inhibitors; anti-VEGF; bevacizumab; BIBF 1120; cediranib;
fosbretabulin; imatinib; nintedanib; pazopanib; perifosine;
saracatinib; sorafenib; sunitinib; trebananib; vandetanib;
VEGF; VEGF-receptor AND ovarian cancer OR FTC
OR primary peritoneal cancer. Congress abstracts from
American Society of Clinical Oncology (ASCO), Society
of Gynecologic Oncology (SGO), and European Society
of Gynaecologic Oncology (ESGO) were also searched for
these agents. Results were limited to peer-reviewed, English
language articles only. Reviews, meta-analyses, case reports,
editorials, and letters were excluded.

Direct VEGF inhibitors
Bevacizumab

The first anti-angiogenesis agent to progress to Phase III
trials in EOC was bevacizumab. Four phase III trials in
EOC have been published, two with frontline and two with
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recurrent disease indications (Tuble 1). The two frontline
trials, GOG 218 and ICON7, were published in the same
issue of The New England Journal of Medicine in 2011. In
2005, the Gynecologic Oncology Group (GOG) initiated
GOG 218 as a double-blind placebo controlled study that
examined the role of bevacizumab in frontline treatment.
A total of 1,873 patients with previously untreated Stage
IIT and IV EOC from 336 sites and four countries were
enrolled. Patients were stratified based on performance
status, stage and debulking status. Optimal cytoreduction
(less than 1 cm of disease) after surgery was achieved in
34% of patients. Forty percent of patients had suboptimal
debulking with residual tumor greater than 1 c¢m, and the
remaining 26% of patients had Stage IV disease. Stage
III patients were not eligible if they had no gross residual
disease after cytoreductive surgery. Originally, the protocol
allowed only Stage III suboptimal disease and all Stage IV
patients but was amended to allow optimally cytoreduced
Stage III patients who still had gross residual disease
following surgery. Patients were randomized in a 1:1:1 fashion
to three treatment arms: standard treatment (carboplatin plus
paclitaxel every 21 days) with placebo, standard treatment
with bevacizumab (15 mgrkg every 21 days), and standard
treatment with bevacizumab followed by maintenance
bevacizumab for up to 10 months (16 cycles). The primary
endpoint was PFS, which was also a protocol amendment
during the study. The original primary endpoint had been
OS. Progression was defined by a rise in CA 125 level, by
Response Evaluation Criteria in Solid Tumors (RECIST)
criteria, global deterioration of health, or death. Compared to
standard therapy, the PFS for the bevacizumab maintenance
treatment group was 3.8 months longer than standard
therapy (14.1 vs. 10.3 months; HR 0.72; 95% CI, 0.63-
0.82; P=0.001). When compared to standard therapy with
bevacizumab, the addition of maintenance therapy showed
a 2.9-month increase in PFS (14.1 vs. 11.2 months). In a
secondary analysis, CA 125 was removed from PFS analysis,
and the time to progression was 12 months in the standard
treatment group and 18 months in the maintenance group.
No difference in OS was seen between the three treatment
arms. On a secondary analysis, an increase in OS was seen
in Stage IV patients treated with bevacizumab maintenance
compared to standard therapy [40.6 vs. 32.8 months, HR
0.72 (0.53-0.97)] (30). The most common adverse event (AE)
was hypertension (7.2% with standard therapy vs. 16.5%
with bevacizumab during chemotherapy only vs. 22.9% for
the bevacizumab maintenance cohort).

In Europe, the International Collaborative Ovarian
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Neoplasm (ICON) 7 trial (31) was a two armed, an open label
trial that compared standard chemotherapy (carboplatin and
paclitaxel every 3 weeks for six cycles) to standard therapy
plus bevacizumab (7.5 mg/kg every 3 weeks for five or
six cycles and continued for 12 additional cycles or until
disease progression). The study enrolled 1,528 patients with
high risk Stage I and Stage II, III, and IV EOC. Similar to
the results of GOG 218, the primary endpoint, PFS, was
improved by approximately 2 months (19.0 vs. 17.3 months;
HR 0.85; 95% CI, 0.70-0.94; P=0.004) in patients receiving
bevacizumab over standard therapy. When the high-risk
group (patients with suboptimally debulked Stage IIIC and
Stage IV tumors) was evaluated separately, the estimated
median improvement in PFS was increased to 5.4 months
(10.5 months with standard therapy vs. 15.9 months with
bevacizumab, HR 0.68; 95% CI, 0.55 to 0.85; P<0.001).
OS was a secondary endpoint and again was not different
between the two groups (58.6 vs. 58.0 months respectively,
HR 0.99, P=0.85). However, OS did show an improvement
of 9.4 months (30.3 vs. 39.7 months; P=0.0072, HR 0.64;
95% CI, 0.48-0.85; P=0.002) in patients with high-risk
disease treated with bevacizumab compared to standard
therapy (32). The AEs in the bevacizumab group were
similar to the results in GOG 218.

GOG 218 and ICON7 both showed an improvement in
PFS for EOC with upfront treatment with bevacizumab, but
the improvement of PFS was less in ICON7. The difference
in outcome may be related to the differences between the
studies. The study protocols differed with ICON7 having two
treatment arms while GOG 218 included a third arm with
standard treatment including bevacizumab without maintenance
therapy. The dose of bevacizumab used in the studies was
different; ICON7 used a lower dose of 7.5 mg/kg compared
to 15 mg/kg every 21 days used in GOG 218. Maintenance
treatments were allowed for 16 cycles (11 months) in GOG
218 compared to 12 cycles (8 months) in ICON7. The
differences in administration of bevacizumab between
GOG 218 and ICONY7 raised the question of the ideal
dose and duration of bevacizumab. AGO-OVAR17 or
the BOOST (Bevacizumab Ovarian Optimal Standard
Treatment) Trial is an ongoing study looking at the
optimal treatment duration of maintenance bevacizumab
in frontline treatment. Patients receive chemotherapy
(carboplatin/paclitaxel) with bevacizumab followed by
either 16 or 38 cycles of maintenance therapy. The primary
endpoint is PFS. The study has reached 50% enrollment,
and results are expected in 2017.

Given the improvement in PFS with the use of
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Treatment Progression free Overall Differences between
Study . Treatment arm . . .
population survival survival studies

Recurrent treatment
AURELIA Platinum Chemotherapy (Doxil 40 mg/m?, 6.7; 3.4, HR 16.6; 13.3, HR Platinum resistant:
(N=361) resistant EOC; <2 topotecan 4 mg/m? weekly or 0.48 (0.36-0.60), 0.85 (0.66- bevacizumab 10 mg/kg
prior regimens;  1.25 mg/m® D1-5, weekly paclitaxel P<0.001 1.08), P=0.174 every 2 weeks
no rectosigmoid 80 mg/m?) + placebo; chemotherapy +
involvement bevacizumab 10 mg/kg every 2 weeks
(3 weeks if topotecan)
OCEANS Platinum Carboplatin AUC 4 + Gemcitabine 12.4; 8.4, 33.6; 32.9, HR Platinum sensitive:
(N=484) sensitive 1,000 mg/m?® D1/8 + placebo; HR 0.484 0.952 (0.771- bevacizumab 15 mg/kg
recurrent EOC ~ Carboplatin AUC 4 + Gemcitabine (0.388-0.605), 1.176) every 3 weeks
1,000 mg/m® D1/8 + bevacizumab P<0.0001
15 mg/kg
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bevacizumab with three week dosing of carboplatin
and paclitaxel, the question was raised asking whether
bevacizumab is additive to other frontline regimens. GOG
252, which closed to enrollment in 2011, is a randomized
3-arm study in optimally cytoreduced EOC patients
evaluating the use of bevacizumab and intraperitoneal
chemotherapy. Patients are randomized to arm I (weekly
paclitaxel, carboplatin and bevacizumab 15 mg/kg every
3 weeks), arm II (weekly paclitaxel, intraperitoneal carboplatin
every 3 weeks, and bevacizumab), or arm III (paclitaxel and
bevacizumab every 3 weeks with intraperitoneal cisplatin and
paclitaxel). ANTHALYA is an ongoing phase II study looking
at bevacizumab, carboplatin, and paclitaxel for neoadjuvant
therapy (33). No results are available at this time. OCTAVIA
(34-36), a phase II single arm study, evaluated bevacizumab
with weekly paclitaxel and carboplatin every three weeks
followed by bevacizumab maintenance therapy. PFS, the
primary endpoint, was 24.1 months (95% CI, 19.9-33.3
months; PFS events in 56% of patients). One- and 2-year OS
rates were 97.8% (95% CI, 95.7-99.9%) and 92.3% (95%
ClI, 88.4-96.2%), respectively. GOG 262 evaluated dose-
dense (weekly paclitaxel) vs. conventional paclitaxel (37).
The phase III study allowed bevacizumab at the physician’s
discretion. 80% of patients were placed on bevacizumab.
No difference in PFS was seen between the dose-dense and
the conventional treatment (HR 0.97, 95% CI, 0.79-1.18).
When the patients were subdivided based on bevacizumab
usage, patients not receiving bevacizumab were noted to
have an improvement in PFS (median, 14 vs. 10 months,
HR 0.60, 95% CI, 0.37-0.96) similar to that seen in
Japanese Gynecologic Oncology Group 3016 study. The
lack of improvement of PFS with bevacizumab continues
to raise the question of the optimal administration of anti-
angiogenesis agents.

The phase III studies of bevacizumab in recurrent
EOC are the OCEANS, AURELIA, and GOG 213 trials.
The OCEANS study was a randomized, double blind
trial of 484 patients with platinum sensitive recurrent
disease. Inclusion criteria included measurable disease,
no prior treatments for recurrent disease, and no prior
VEGE/VEGEFR treatments. Patients were randomized
to chemotherapy (carboplatin/gemcitabine) with placebo
followed by placebo maintenance vs. chemotherapy with
bevacizumab followed by bevacizumab maintenance
therapy until disease progression. PFS, the primary
endpoint, was improved by 4 months in patients treated
with bevacizumab (12.4 vs. 8.4 months; HR 0.484; 95% CI,
0.388-0.605; P<0.0001). Similar to frontline treatment, no
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difference was seen in OS (35.2 vs. 33.3 months). However,
31% of patients in the control group were treated with
bevacizumab; the high rate of crossover of bevacizumab
makes the impact of maintenance therapy on OS difficult to
interrupt (38).

While the OCEANS study focused on platinum sensitive
EOC, the AURELIA study looked at patients with platinum-
resistant recurrent EOC. Patients needed to progress within
6 months of receiving four or more cycles of platinum
based chemotherapy and have a histologically proven
recurrence. Patients could not have had greater than two
prior regimens; prior anti-angiogenesis therapy, however,
was not an exclusion criterion. A total of 331 patients were
randomized to physician’s choice chemotherapy [pegylated
liposomal doxorubicin (PLD), topotecan, or paclitaxel]
alone or in combination with bevacizumab until disease
progression. Given historical low RRs in this group of
EOC, no maintenance arm was included. A 3.3-month
improvement in PFS, the primary endpoint, was found
in the combination treatment group (6.7 vs. 3.4 months;
HR 0.48; 95% CI, 0.38-0.60; P<0.001). The combination
treatment group had a higher RR (27.3% vs. 11.8%;
P=0.001). As in the prior studies, no difference was seen in
OS. However, a high cross over rate was noted with 40%
of patients in the chemotherapy treatment arm receiving
bevacizumab after progression (39). In a subgroup analysis
of the AURELIA trial, OS was evaluated by chemotherapy
type. In the patients treated with PLD, median OS was 13.7
months in the bevacizumab plus PLD group vs. 14.1 months
(HR 0.92; 95% CI, 0.62-1.36) in the PLD only group.
For the topotecan-treated group, median OS was 13.8 vs.
13.3 months (HR 1.07; 95% CI, 0.72-1.67), respectively.
However, in patients treated with weekly paclitaxel, median
OS was 22.4 vs. 13.2 months (HR 0.65; 95% CI, 0.42-1.02),
respectively. A 35% relative improvement in OS was noted in
the weekly paclitaxel and bevacizumab treatment group (40).
While the results are promising, the AURELIA trial was not
powered for this subgroup analysis and these results will need
to be evaluated in a prospective study.

GOG 213 is an ongoing phase I1I randomized control trial
looking at platinum sensitive recurrent EOC and secondary
debulking. Candidates for secondary cytoreduction were
randomized to receive secondary cytoreduction surgery
or no surgery followed by randomization to standard
chemotherapy (carboplatin/paclitaxel) with or without
bevacizumab. The study met the accrual goal in 2011 for
evaluating chemotherapy and the remaining enrolled patients
could select their chemotherapy (carboplatin/paclitaxel or
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carboplatin/gemcitabine with or without bevacizumab).
Results are expected in the spring of 2015.

Based on the improvement of PFS seen in platinum
sensitive and recurrent EOC, numerous phase II studies
have looked at bevacizumab in combination with other
approved treatment agents for recurrent EOC. Phase II studies
have been conducted with cyclophosphamide (41-43), doxil
(44-46), gemcitabine and carboplatin (47,48), oxaliplatin and
docetaxel (49), irinotecan (50), topotecan (51), albumin bound
paclitaxel (52), and gemcitabine and oxaliplatin (53). Other
phase II studies have looked at bevacizumab alone (54-56)
and in combination with other anti-angiogenesis agents
including sorafenib (57), erlotinib (58,59), and fosbretabulin
tromethamine. Additional phase II studies have examined
use with a folate antimetabolite, pemetrexed (60), and
mTOR inhibitor, everolimus (61), and with an inhibitor of
tubulin, eribulin and oxaliplatin (62). The results are mixed
with varied RRs and toxicities.

Aflibercept

Phase II studies with aflibercept have shown mixed
results. Aflibercept’s effect on the timing of paracentesis
for symptom control has been evaluated in two phase II
studies. Patients with recurrent EOC with symptomatic
ascites requiring three or more paracenteses at a frequency
of 1-4 paracenteses per month were given aflibercept
4 mg/kg every 2 weeks. A response was seen in 62.5%
(95% CI, 35.4-84.8%) of patients with a median time to
paracentesis of 76 days (95% CI, 64.0-178) compared to
16.8 days (63). In another trial (64), a significant increase
in median time to paracentesis was seen in the treatment
group of 55.1 vs. 23.3 days. In a phase II study, patients
were randomized to aflibercept at a dose of either 2
or 4 mg/kg every 2 weeks until they developed disease
progression or significant toxicity. The primary endpoint
of complete response (CR) or partial response (PR) by
RECIST criteria was not met in either arm (65). However,
aflibercept at a dose of 6 mg/kg combined with 75 mg/m’
docetaxel every three weeks demonstrated a 54% RR by
RECIST criteria with 11 CRs and 14 PRs (66).

VEGF independent inhibitors
Cediranib

Phase II studies evaluated the tyrosine kinase inhibitor,
cediranib, (30 mg daily) in recurrent EOC. One study
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reported a 30% clinical benefit rate (CBR) with 17% PRs (67).
A second trial (68) divided the patients by platinum sensitivity
and showed a RR of 41% in platinum sensitive patients and
29% in platinum resistant patients. A randomized, double
blind phase III study ICONG6 (69,70) evaluated cediranib in
recurrent platinum sensitive EOC in 456 patients. The study
had three arms: platinum based chemotherapy (carboplatin
AUC 5/6 and paclitaxel 175 mg/m’), platinum based therapy
with cediranib, and the combination therapy followed by
cediranib maintenance therapy. The primary endpoints
were PFS and OS. PFS was 9.4 months with platinum
chemotherapy alone vs. 11.4 months (HR 0.67; 95% CI,
0.53-0.87; log-rank test P=0.0003) with chemotherapy and
cediranib and 12.6 months (HR 0.57; 95% CI, 0.45-0.74;
log-rank test P=0.00001) with maintenance therapy. OS
increased by 2.7 months in the maintenance group from 17.6
to 20.3 (HR, 0.70; log-rank test P=0.042).

Cediranib has also been evaluated in combination
with the PARP inhibitor, olaparib. In this phase II study,
recurrent platinum sensitive EOC or BRCA related EOC
with measurable disease and no prior anti-angiogenesis/
PARP agents were randomized to cediranib 30 mg daily
in combination with oral olaparib 400 mg BID or olaparib
alone. The RR was 84% in the patients treated with
combination therapy compared to 56% in patients only
treated with olaparib (HR 2.9, 95% CI, 1.5-5.6, P=0.001).
However, the overall rate of grade 3 and 4 AEs was higher
for combination patients (70%) than with olaparib alone
(7%): fatigue 27% wvs. 7%), diarrhea (23% vs. 0%), and
hypertension 39% vs. 0%), respectively (71).

Nintedanib

In a phase II trial, patients with recurrent EOC were
randomized to nintedanib 250 mg twice daily or placebo
for maintenance therapy following a response to their
last chemotherapy. At the endpoint of 36 weeks, PFS was
16.3% with nintedanib zs. 5% (HR 0.65; 95% CI, 0.42-1.02;
P=0.06) with placebo (72). Incidence of AEs was similar in
both arms. Based on positive phase II results, the Eastern
Cooperative Oncology Group (ECOG) initiated a phase
IIT study for frontline treatment of EOC (AGO-OVARI12/
LUME-Opvarl) to investigate nintedanib with carboplatin/
paclitaxel followed by maintenance nintedanib therapy vs.
carboplatin/paclitaxel and placebo. Treatment was for a
maximum of 120 weeks. The primary endpoint was PFS.
Results were presented at ESGO (October 2013) (73); 1,366
patients demonstrated minimal difference in median PFS
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with the addition of nintedanib wvs. the control arm (17.3
vs. 16.6 months, HR 0.84; 95% CI, 0.72-0.98; P=0.0239).
A subgroup analysis showed that nintedanib might be most
effective in patients with <1 cm of disease compared to
patients with high tumor residual (median PFS of 27.1 vs.
20.8 months; HR 0.75; 95% CI, 0.61-0.92; P=0.005). The
OS data remains immature, and final results have not been

published at this time.

Pazopanib

Combining pazopanib with traditional therapy appears non-
feasible based on results of a phase I/1I trial of pazopanib
in combination with standard chemotherapy (carboplatin
and paclitaxel) (74). The study was terminated after 33% of
patients experienced a dose limiting toxicity including two
gastrointestinal bowel perforations and 50% of patients had
severe myelotoxicity. A phase 11, open label study of single
agent pazopanib was conducted in patients with recurrent
EOC that had a complete CA 125 response to therapy (75).
Pazopanib 800 mg daily resulted in an overall RR of 18%,
and a 31% CA125 response.

Based on the tolerability and promising activity as a
single agent, the AGO study group (AGO-OVAR16)
completed an international randomized double blind
phase III trial. Nine hundred and forty patients were
randomized to pazopanib 800 mg daily or placebo as a
maintenance therapy after traditional chemotherapy for
up to 24 months (76). Patients receiving pazopanib had
a prolonged PFS by RECIST criteria with 17.9 months
compared to 12.3 months (HR =0.766; 95% CI, 0.64-
0.91; P=0.0021). OS results are pending. While pazopanib
significantly increased PFS in women receiving it as primary
maintenance therapy, a significant toxicity was noted with
33.3% wvs. 5.6% discontinuing treatment based on AE.
Grade 3 or 4 AE included hypertension, neutropenia, liver
related toxicity and fatigue (77).

The role of pazopanib was also explored in recurrent
EOC. MITO-11 is a recently presented open-label,
randomized phase II trial of weekly paclitaxel plus/
minus pazopanib in platinum resistant EOC. MITO-11
demonstrated significant improvement in PFS (median
6.3 vs. 3.5 months, HR 0.42; 95% CI, 0.25-0.69) as well as
RR (50% vs. 21%; P=0.03). Median OS was 14.8 months
(95% CI, 9.1-NA) with paclitaxel and 18.7 months (95%
CI, 11.5-NA) with paclitaxel and pazopanib (HR 0.60;
95% CI, 0.30-1.21; P=0.07). A higher rate of grade 3 and

4 toxicities were seen in the combination treatment arm,
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54% wvs. 22% (P=0.0052) (78). GOG-186] evaluated
pazopanib in a slightly different population. In this phase
II, placebo-controlled trial, 100 women with recurrent,
measurable/evaluable EOC with 1-3 prior lines of therapy
were randomized to weekly paclitaxel alone or in combination
with pazopanib. Similarly, PFS was the primary endpoint, but
was not extended relative to weekly paclitaxel (median PFS 7.5
vs. 6.2 months, HR 0.84; 90% CI, 0.57-1.22; P=0.2). RR was
32% wvs. 23%, respectively. AEs, such as hypertension, were
more common in the combination arm and more often
led to treatment discontinuation (37% wvs. 10%). However,
more patients discontinued treatment on the control arm
for disease progression (65% vs. 32%). While recording
similar observations regarding toxicity with MITO-11,
GOG-186] was discrepant regarding the efficacy endpoints.
Differences in design (open-label vs. placebo), eligibility (1-2
vs. 1-3 prior treatment lines, prognostic factors), and sample
size may be responsible for the different observations.

Sorafenib

A neoadjuvant phase II study for advanced stage EOC and
large volume ascites evaluated sorafenib 400 mg twice daily
with carboplatin/paclitaxel. The study was closed after four
patients however due to life threatening toxicities (cardiac
output failure, myocardial infarction, anastomotic leak) (79).
In a placebo-controlled randomized phase 1II trial, sorafenib
as single agent maintenance therapy in EOC showed no
difference in the primary endpoint of PFS (median 12.7
vs. 15.7 months; hazard ratio 1.09; 95% CI, 0.72-1.63;
P=0.655). More grade 3 toxicities were seen in the sorafenib
group compared to placebo including hand-foot skin
reactions and rash, and a high rate of dose reductions and
early discontinuations were noted (80).

As a single agent in recurrent EOC (81), 24% of
patients were progression-free at 6 months; yet, only
3% had a PR and multiple Grade 3 and 4 toxicities were
documented. Sorafenib was also used in combination with
topotecan (82) and with gemcitabine (83). Weekly
gemcitabine with 400 mg twice daily of sorafenib was
given in recurrent EOC. The primary endpoint of RR
by RECIST criteria was not met; furthermore, dose
reductions and grade 3 and 4 toxicities including primary
lymphocytopenia and neutropenia were reported. In a
phase II trial of sorafenib 400 mg daily and topotecan
3.5 mg/m’ weekly on days 1, 8, 15 of a 28-day cycle, a PR
was achieved in 16.7% of patients. Grade 3 and 4 toxicities
were reported including leukopenia/neutropenia (23%),
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thrombocytopenia (17%), and anemia (10%). A phase
IT study evaluated the combination of bevacizumab
5 mg/kg q2wk and sorafenib at a lower dose 200 mg
bid days 1-5/week in patients with recurrent EOC (84).
In 35 patients with no prior bevacizumab exposure, an
86% clinical RR was noted with 25.7% PRs and 60% with
stable disease (SD) for greater than 4 months. About 54%
of patients with prior bevacizumab treatment had SD. The
therapy-related grade 3 and 4 AEs included hypertension
(33%), DVT or PE (9%), and renal hemorrhage,
perforation, anal fissure, and hand-foot syndrome (2%
each). While sorafenib showed potential in these trials, the
high rate of grade 3 toxicities raises questions about dosing
and tolerance.

Trebananib

A phase III trial, TRINOVA-1, randomized patients to
paclitaxel with placebo or with trebananib in patients with
recurrent EOC who have had less than three platinum
regimens or less than 12 months from the first platinum
regimen. An improved RR was demonstrated in the
combination group (29.8% wvs. 38.4%, P=0.0071). PFS was
5.4 vs. 7.2 months (HR 0.66; 95% CI, 0.57-0.77; P=0.001)
and OS was 17.3 vs. 19.0 months (HR 0.86; 95% CI, 0.69-
1.08; P=0.19) (85). TRINOVA-2 and TRINOVA-3 are
ongoing phase III studies. TRINOVA-2 (86) is comparing
trebananib vs. placebo in combination with PLD in patients
with recurrent EOC who received less than three cycles
of chemotherapy or less than 12 months from the first
platinum regimen. Frontline treatment is being studied
in TRINOVA-3 (87). Patients are being randomized to
standard therapy (carboplatin/paclitaxel) and placebo
followed placebo maintenance or standard therapy with
trebananib followed by trebananib maintenance for up to
18 months. Results are expected in 2016.

Vandetanib

Vandetanib was evaluated as a monotherapy in recurrent EOC.
The study was terminated after 12 patients for lack of response
or stabilizing disease beyond 6 months (88). Vandetanib was
also studied in combination with chemotherapy. A phase 1/
II study of platinum resistant EOC evaluated vandetanib
in combination with PLD. While a clinical response was
seen (1 PR and 4 SD), 29% of patients stopped treatment
secondary to toxicities including neutropenia, mucositis,
and palmar-plantar erythrodysesthesia (89). Vandetanib was
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also investigated in a phase II trial comparing vandetanib
and docetaxel to docetaxel alone. Unlike the prior trial with
PLD, no significant toxicities were seen in combination
with docetaxel; however no significant difference in median
PFS was seen between the two arms [3.0 months (D + V) vs.
3.5 (D); HR: 0.9 (80% CI: 0.79-1.26)] (90).

VDAs: fosbretabulin

The possible synergistic combination of VDAs and
anti-angiogenics has been studied in several phase I/11
trials (91). In a nude mouse model, human clear cell renal
tumors were treated with VDA alone and in combination
with bevacizumab. A significantly greater tumor response
was seen in the combination therapy groups (92).
GOG-1861I randomized 107 women with measurable/
detectable recurrent EOC and 1-3 lines of prior therapy
to bevacizumab or bevacizumab combined with the VDA,
fosbretabulin. PFS, the primary endpoint, was significantly
improved in the combination arm (median 7.3 vs. 4.8;
HR 0.69; 90% CI, 0.47-1.00; P=0.049). Correspondingly,
the RR was 36% and 28%, respectively. AEs (>grade 2)
were more common in the combination arm, particularly
hypertension (35% vs. 16%). The authors concluded that
the combined anti-vascular approach was active, warranting
further study as a novel, chemotherapy-free treatment
strategy, but noted higher rates of AEs.

Future directions

As discussed earlier, when patients in ICON7 and GOG
218 were stratified based on clinical criteria, high risk
patient populations were identified that would benefit more
from treatment with bevacizumab. In AGO-OVAR 12, the
opposite was found with the low risk group benefiting more
from treatment with nintedanib. The ideal usage of these
agents may not be based on debulking or stage but based on
the tumor’s molecular ‘fingerprint’ (93,94). Serum samples
from ICON7 were analyzed to determine biomarkers for
response. Mesothelin, fms-like tyrosine kinase-4 and al-acid
glycoprotein were identified as markers of improved response.
The biomarkers when combined with CA 125 were predictive
of improved response in two cohorts (95). In one study, patient
samples were divided into immunogenic and angiogenic
signatures. The angiogenic subgroup treated with bevacizumab
had improved PFS (17.4 vs. 12.3 months, P=0.003). However
the immunogenic subtypes treated without bevacizumab

had an improved PES by 17.3 months (18.5 vs. 35.8 months,
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P=0.048) and OS (HR 2.37; 95 % CI, 1.27-4.41, P=0.007).
The second study used the subgroups identified by The
Cancer Genome Atlas data (differentiated, immunoreactive,
mesenchymal, and proliferative). The proliferative group
showed the most effect with bevacizumab. These profiling
techniques are promising but need validation before clinical
adoption.

Conclusions

Novel agents that target angiogenesis include single
and multiple pathway inhibitors. These agents have
been evaluated as single agents or in combination with
chemotherapy or other molecular therapies for frontline
and recurrent EOC with mixed results. Bevacizumab, the
most studied of these agents, has showed improved PFS in
four randomized phase III studies. Based on the positive
outcomes on PFS, bevacizumab is the first of the anti-
angiogenic agents to be approved for the treatment of EOC
by the FDA and the EU. Bevacizumab’s approval by the
FDA for recurrent platinum resistant EOC will hopefully
continue to encourage development and approval of novel
molecular targets.

While bevacizumab has shown a positive effect on PFS,
the ideal population and time for treatment as well as the
dose and duration of treatment remain unclear. Some
experts argue that the use of these agents should be earlier
to provide the greatest potential for cure, while others
cite the lack of demonstrated OS to date in this setting.
The most impressive results in terms of hazard ratios have
been demonstrated in the recurrent queues, yet others
are concerned with increasing toxicities in non-curative
settings. The optimal dose level for bevacizumab has also
been debated as this variable impacts cost analysis. Most
studies in ovarian cancer have used the 15 mg/kg dose, and
this has been the standard in the United States until further
data establishes that a lower dose has equivalent efficacy.

The role of combining anti-angiogenics in the
maintenance setting appears promising but whether
these agents should be administered concomitant with
chemotherapy or only after is unclear based on the disparate
study designs across agents. Another major issue is whether
the inhibition of more than one angiogenic pathway will
optimize the use of these agents, but this may come at the
expense of increased toxicity. Further investigations to
identify true synergies are indicated. Controlling toxicities
and costs associated with these agents as well as identifying
biomarkers to predict efficacy for these agents are high
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priority goals; nonetheless, these agents are a welcome
addition to our clinical armamentarium for the treatment of
women with ovarian cancer.
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