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Abstract: Ovarian cancer is the most lethal gynecological cancer, mainly because of the delay
in diagnosis. Recently, much effort has been put into investigating and introducing novel targeted
agents into clinical practice, with the aim of improving prognosis and quality of life. Angiogen-
esis is a possible target. The aim of this review is to investigate the most common molecular
pathways of angiogenesis, which have provided novel targets for tailored therapy in patients with
ovarian cancer. These therapeutic strategies include monoclonal antibodies and tyrosine-kinase
inhibitors. These drugs have as molecular targets vascular endothelial growth factor, vascular
endothelial growth factor receptors, platelet-derived growth factor, fibroblast growth factor, and
angiopoietin. Bevacizumab was investigated in several Phase III studies, with interesting results.
Today, there is strong evidence for introducing bevacizumab in the treatment of patients with
advanced and recurrent ovarian cancer. Nevertheless, further investigations and large clinical
trials are needed to understand the safety and effectiveness of bevacizumab, the optimal duration
and timing of treatment, and activity in association with other chemotherapeutic and targeted
agents. It also is necessary to identify biologic factors predictive of efficacy to choose the most
appropriate antiangiogenic agent in the integrated treatment of epithelial ovarian cancer.
Keywords: epithelial ovarian cancer, angiogenesis, bevacizumab, vascular endothelial growth
factor, chemotherapy

Introduction

Epithelial ovarian cancer (EOC) is the fourth most frequent cause of cancer death
in European women and the most deadly gynecological tumor in Western countries,
with unfavorable effects from an economic and social point of view.! In 2010, there
were about 21,880 new cases of EOC and 13,850 deaths reported in the United States,
and unlike other gynecologic cancers, for which the risk factors are well-known, the
etiology of EOC is still unknown.!

The incidence of EOC increases with age and is most prevalent in the eighth decade
of life, with a rate of 57/100,000 women.” The median age at the time of diagnosis is
63 years, and more than 70% of patients present with advanced disease.’

Unfortunately, there are no validated screening tests for this cancer, and most women
present with advanced disease, reporting vague and confounding symptoms. Although
the S-year survival rate is higher than 90% for women with early-stage EOC, about 80%
of women present with late-stage disease and have a 5-year survival rate of only 30%.3

EOC typically spreads by local and regional diffusion, seeding of the perito-
neal cavity and invasion through the lymphatic vessels. Because of this long and
characteristic diffusion, radical surgery plays an important role in the diagnosis,
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staging, primary therapy, and treatment of recurrent
disease.? Standard therapy includes cytoreductive sur-
gery preceded or followed by platinum/taxane combination
chemotherapy (Figure 1).* The most important drug in
EOC is platinum, which showed an important increase
in progression-free survival (PFS) and overall survival
(0OS) in patients affected by this disease. According
to the response to therapy, EOC can be divided into:
platinum-refractory, if there is a progression within
1 month or stable disease during first-line therapy; plati-
num-resistant, if there is a response during therapy and a
relapse within 6 months; and platinum-sensitive if there
is a relapse after 12 months post-therapy.’ The longer the
interval from the end of platinum-based chemotherapy, the
better the outcome; and the outcome is also better when
using platinum. Patients with EOC who relapse within 6
to 12 months show an intermediate sensitivity to plati-
num; for this reason, they are called platinum-partially
sensitive.*

The response rate (RR) to chemotherapy is high, and
sometimes impressive, with frequent evidence of clini-
cal and pathological response, but unfortunately, 75% of
patients who initially respond to conventional chemo-
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Figure | Evolution of medical therapy in ovarian cancer with new drugs under
investigation.

Abbreviations: EGFR, epidermal growth factor receptor; VEGF, vascular
endothelial growth factor; MEK, mitogen-activated protein kinase kinase; PIGFab,
phosphatidylinositol-glycan biosynthesis class F; FTI, farnesyl transferase inhibitor;
CHT, chemotherapy; TLK286, glutathione S-transferase P|-| activated glutathione
analogue; ACA125, murine anti-idiotypic antibody of the tumor-associated antigen
CA-125; TAK165, |-(4-{4-[(2-{(E)-2-[4-(trifluoromethyl)phenyl]ethenyl}-1,3-oxazol-
4-yl)methoxy]phenyl}butyl)- I H-1,2,3-triazole; SCH6636, farnesyl protein transferase
inhibitor; BMS214662, farnesyltransferase inhibitor.

therapy have a fatal relapse. Recurrent EOC constitutes
a disease with a very poor prognosis, forcing patients to
receive multiple lines of chemotherapy with unsatisfac-
tory results, in terms of RR, PFS, and OS, because of
the occurrence of drug-resistant cancer clones. For these
reasons and also to identify more appropriate therapeutic
options, a considerable scientific interest has developed in
the identification of new molecular targets and alternative
molecular pathways involved in ovarian carcinogenesis;
moreover, a large number of novel molecular targeted
agents and innovative therapeutic associations of chemo-
therapy are currently under investigation for the treatment
of EOC (Table 1).

Role of angiogenesis in EOC
Angiogenesis is a characteristic biological phenomenon by
which new blood vessels are generated to develop neovas-
cularization, supporting cellular growth and modifications in
the target tissues. Angiogenesis is an important mechanism
of differentiation in humans and it is also involved in normal
proliferative processes such as pregnancy, embryogenesis,
wound healing, and the female reproductive cycle. Moreover,
in 1971, Folkman proposed that angiogenesis and neovas-
cularization are able to facilitate the tumor growth and the
metastatic process, allowing malignant cells to spread in the
circulatory system.”$

Angiogenesis is a multistep process driven by tumor-
generated growth factors that operate along several con-
vergent and divergent pathways, consisting of an initiation
phase and a maturation phase. The initiation phase is acti-
vated by tumor-derived cytokines (as vascular endothelial
growth factor [VEGF]) and is characterized by the produc-
tion and occurrence of permeable microvascular networks
deriving from existing blood and lymphatic vessels. In
the successive maturation phase, these morphological
changes become functional by a biological point of view,
favoring the activation of tumor proliferation, invasion and
metastasis.’

Moreover, increased angiogenesis, as manifested by
increased tumor microvessel density (MVD), has been associ-
ated with a decreased delivery of chemotherapeutic agents
and worse clinical outcome in a variety of solid tumors,
including EOC.'*!

Overall, the published data indicate that a high degree of
tumor angiogenesis is predictive of poor clinical outcome,
with three studies reporting that higher MVD is an indepen-
dent prognostic factor for improved survival in women with
advanced EOC.'*15
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Table | Prospective clinical trials of novel cytotoxic agents in EOC

Study Agent Phase Patients Platinum Response Stable mPFS
sensitive (%) rate (%) disease (%) (months)
Sessa et al”’ TR ] 59, 51 evaluable 49 Sensitive: 43; Sensitive: 39; na
resistant: 7 resistant: 33
Krasner et al’® TR Il 147, 141 evaluable 45 Sensitive: 29; Sensitive: 35; Sensitive: 5.1;
resistant: 6.3 resistant: 46 resistant: 2
Del Campo et al”® TR I 107, 99 evaluable 100 A: 29 A: 52 na
(2 doses: A/B) B: 28 B: 45
Monk et al® TR + PLD 1] 672 64 27.6 7.3 7.3
LPD 18.8 5.8 5.8
Smit et al® PAT Il 112 0 6.3 44.6 2.8
Forster et al®? PAT + Cb Ib 37, 21 evaluable 84 62 14 na
Colombo et al®® PAT 11l 829 0 15.5 na 3.7
PLD 79 3.7
De Geest et al** IXA Il 51, 49 evaluable 0 14.3 40.8 na
Kavanagh et al®® Cn I 36, 34 evaluable 0 15 35 na
Rose et al® Cn + Cb 11l 247 0 32 na 3.5
PLD I 3.5
Vergote et al¥” Cn 1] 461 0 4 na 23
PLD or TOP I 4.4
Kavanagh et al® Cn +PLD I 39 0 27.8 51.3 6
Vergote et al® Cn +PLD 11l 125 0 na na 5.6
PLD 3.7
Matulonis et al® Cb + PEM Il 45, 44 evaluable 100 51.1 31.1 7.57
Miller et al®' PEM high dose Il 51, 48 evaluable 0 21 35 2.9
Vergote et al’? PEM standard 1] 102, 91 evaluable 0 9.3 32.6 2.8
PEM high dose 10.4 29.2 2.8
Sehouli et al™ Cb + PEM Il 66, 61 evaluable 100 32.8 31.8 9.4
Teneriello et al™* nP Il 46, 44 evaluable 100 64 na 8.5
Coleman et al*® nP Il 51, 47 evaluable 0 23 36 4.5
Tsubamoto et al®® Iri + Cb Il 40 na Sensitive: 52; na Sensitive: 3.7;
resistant: 2| resistant: 9.1
Pecorelli et al” Gim Il 69 27.5 24.6 31.9 na

Abbreviations: Cb, carboplatin; Cn, canfosfamide; EOC, epithelial ovarian cancer; Gim, gimatecan; Iri, irinotecan; IXA, ixabepilone; na, not available; nP, nab-paclitaxel; PLD,
pegylated liposomal doxorubicin; PAT, patupilone; TOP, topotecan; PEM, pemetrexed; TR, trabectedin; mPFS, median progression-free survival.

The marker CD105 is actually used to measure MVD
because it is expressed almost exclusively on endothelial
cells in solid tumors undergoing neoangiogenesis, and it
modulates angiogenesis by regulating cellular proliferation,
differentiation, and migration.'® Two studies investigated
CD105/MVD in EOC and found it to be an independent
predictor of poor survival.!”18

Proangiogenic and antiangiogenic
factors in EOC

Regulation of angiogenesis occurs through a dynamic
balance of proangiogenic and antiangiogenic factors that
maintain physiological homeostasis; in fact, in normal tis-
sue, the vasculature remains quiescent. In neoplastic tissues,
upregulation of proangiogenic factors (eg, VEGE, fibroblast
growth factor [FGF], and platelet-derived growth factor
[PDGF]), and downregulation of antiangiogenic factors

(thrombospondin, angiostatin, and endostatin) tip the balance
in favor of angiogenesis and neovascularization.'*?

Many environmental factors, including hypoxia and
low pH, hormones (progesterone, estrogen), growth factors
(EGF, transforming growth factor B, FGF, PDGE, insulin-like
growth factor 1) and cytokines (interleukin [IL]-1 and IL-6)
stimulate VEGF expression. In addition to exogenous factors,
many tumorigenic mutations lead to VEGF upregulation.
These can include mutations in cellular oncogenes such as
sre, ras, and ber-abl and in tumor suppressor genes such as
p53,p73, and vHL.*

EOC overexpresses proangiogenic factors including
VEGFs, FGEF, angiopoietin, PDGFs, and proangiogenic cytok-
ines such as tumor necrosis factor o and IL-6 and IL-8.2! Of
these, the members of the VEGF family are the most potent
proangiogenic factors. VEGF is produced by cancer cells and
is related to the invasive and metastatic potential 2%
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The VEGF axis consists of a family of structurally related
proteins: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E,
and placental growth factor, with VEGF-A being the major
mediator of angiogenesis.>* These proteins interact with
three VEGF tyrosine kinase receptors (VEGFR1-3) to initi-
ate a cascade of downstream signaling pathways promoting
endothelial cell migration, proliferation, and survival, leading
to the formation of new blood vessels and the increase in per-
meability of existing blood vessels. VEGFR1 and VEGFR2
principally regulate angiogenesis, whereas VEGFR3 plays a
lesser role in angiogenesis but is critical for lymphangiogen-
esis, and thus is implicated in the production of ascites and
lymphatic dissemination of metastases.>*

Various factors, such as Ins-P3, PI3-kinase, MAP
(mitogen-activated protein) kinase, and JAK-STAT (Janus
kinase-Signal Transducer and Activator of Transcription) have
been implicated in VEGF signal transduction.?’” Neuropilin
1 and neuropilin 2 are nontyrosine kinase coreceptors that
enhance VEGF binding to its receptors and are thought to play
an important role in angiogenesis.?® High levels of neuropilin
1 and neuropilin 2 have been observed in EOC.? Notably, in
EOC cells, VEGF expression was correlated with activation
of STAT 3 and 5. Moreover, VEGFR1 and VEGFR2 expres-
sion was correlated with STAT3 and STATS expression,
respectively.’® These findings suggest that VEGF/VEGFR
autocrine loops may play a role in stimulating the growth
and progression of EOC. Accordingly, one could speculate
that blocking VEGF in EOC may produce direct antitumor
effects in addition to antiangiogenic effects.’! Recently, it has
been suggested that VEGF also exerts an immunosuppressive
effect in cancer, as it was correlated with low levels of IL-12,
inhibition of dendritic cell maturation, low numbers of natural
killer T-cells, and upregulation of regulatory T cells.?*3¢
In addition, VEGF inhibits apoptosis of the newly formed
hyperpermeable blood vessels.*’

Significantly higher VEGF levels have been observed
in patients with EOC in comparison with patients with
benign ovarian pathology or borderline tumors.**** Even
for patients with early-stage disease, cancers with elevated
VEGEF expression and preoperative high serum VEGF levels
were associated with an increased risk of disease recurrence,
and worse OS and disease-free survival.*!#2

In patients with EOC, markedly elevated serum VEGF
levels have been associated with advanced stage tumors, poorly
differentiated tumors, increased incidence of metastases, occur-
rence of large volume ascites, and decreased survival.*?

PDGF and its receptor are essential to pericyte recruit-
ment, a critical component of maturing blood vessels, and

have been detected in EOC and associated with higher-grade
tumors and decreased survival. Endothelial cells express
PDGFRs, and preclinical studies have shown that PDGFR
activation leads to increased angiogenesis. PDGF secretion by
tumor cells may also recruit stromal cells that further support
angiogenesis through the release of VEGFE.*#

Antiangiogenic therapies in EOC
Blocking proangiogenic factors has been shown to be an
effective strategy for controlling EOC tumor growth.?® There
are two primary strategies to inhibit the VEGF pathway:
inhibition of the VEGF ligand with antibodies or soluble
receptors and inhibition of the VEGFR with tyrosine kinase
inhibitors or receptor antibodies. Therapies that specifically
target the VEGF ligand or its receptors, VEGFR-1 and
VEGFR-2, inhibit only the VEGF pathway, and there-
fore inhibit angiogenesis without disrupting “off-target”
pathways. In contrast, tyrosine kinase inhibitors that target
the receptor have a wider range of inhibitor effects and may
disrupt other secondary pathways that are mediated through
receptor kinases.

To improve the therapeutic benefit and counteract com-
pensatory escape mechanisms, another approach to antian-
giogenic therapy is the simultaneous targeting of multiple
angiogenic pathways at once, including the PDGF and FGF
pathways. FGF and its receptors play an important role in the
development of resistance to VEGF pathway inhibitors.?

In preclinical models, blocking VEGF, PDGEF, and FGF
pathways suppress tumor angiogenesis and MVD to a greater
extent than selectively blocking the VEGF pathway. Several
agents that target two or three pathways have been evaluated
in Phase II trials in women with recurrent EOC.* The main
disadvantage is the potential for enhanced adverse effects.*

An alternative approach to thwarting angiogenesis is to
disrupt the newly established vessels supplying the cancers
by vascular disruptive agents (VDAS). These generally cause
rapid blood vessel shutdown and subsequent tumor necrosis.*
Conventionally, the molecules known as VDAs are either
derivatives of flavone acetic acid that are thought to act by
invoking cytokine release such as tumor necrosis factor o,
or are tubulin-binding agents such as combretastatin. The
selectivity of the tubulin-binding agents is thought in part
to be a result of the rapid division of endothelial cells, but
these agents also cause distortion of immature endothelial
cells which lack a pericyte coating. This distortion induces
thrombosis and vessel collapse.*® VDAs have minimal single-
agent activity, as despite causing necrosis of the main cancer
mass, a viable rim is left, which repopulates the cancer. It
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appears that VDAs eliminate cells that are less well vascu-
larized (where the delivery of systemically administered
chemotherapeutic drugs is limited), and cells that are resistant
to radiotherapy, whereas cytotoxic drugs exert their greatest
effects on cells in the viable rim of tumor tissue that survive
the VDA treatment. Preclinical and some early clinical results
suggest that greater efficacy can be obtained as combination
therapy: VDAs with cytotoxic agents, active against the rap-
idly repopulating tumor rim, or with VEGF inhibitors that
act by blocking repopulation with circulating endothelial
progenitor cells. Unlike the chronic dosing schedule required
to prevent angiogenesis, VDAs should be effective given
as intermittent doses. Early single-group Phase II studies
in patients have shown that the addition of VDAs such as
vadimezan or fosbretabulin to standard chemotherapy is
well tolerated and appears to produce a higher RR in the
populations studied to date.*”*® Recruitment to two Phase II
studies, ombrabulin/placebo with conventional carboplatin
and paclitaxel chemotherapy and bevacizumab (BV) with
or without fosbretabulin are underway in platinum-sensitive
ovarian cancer in the United States (ClinicalTrials.gov identi-
fier NCT01305213 and NCT01332656).

Bevacizumab

BV is a recombinant humanized monoclonal antibody of
the immunoglobulin G1 isotype that binds to all isoforms
of VEGF with high specificity and affinity, resulting in a

Table 2 Bevacizumab in the treatment of epithelial ovarian cancer

potent VEGF-neutralizing activity.*** In the Gynecologic
Oncology Group (GOG) 170D study, 62 patients who had
received 1-2 prior regimens were treated with single-agent
BV. The objective response rate was 21%, with a median
duration of response of 10.3 months. Twenty-five patients
were progression free for 6 months (PF6 months).*

BV was also evaluated in combination with first-line
chemotherapy; an RR of 62%—-80% and favorable toxicity to
chemotherapy alone were reported in three Phase II studies
(Table 2).52 In addition, BV has been used in combination
with intravenous/intraperitoneal chemotherapy.’® The fea-
sibility of combining BV with carboplatin and dose-dense
paclitaxel is currently being investigated in the OCTAVIA
study.** BV-related adverse events (AEs) (grade =3) included
thromboembolic effects, hypertension, and gastrointestinal
perforation.>

In relapsed disease, BV has been combined with a
nanoparticle albumin-bound formulation of paclitaxel (nab-
paclitaxel) and oxaliplatin/gemcitabine. These studies showed
that these combinations are feasible, with encouraging results
in term of RRs and OS (Table 2).5%¢ Given these promising
efficacy results, BV has been incorporated into Phase I trials
of first-line treatment for advanced-stage EOC (Table 2).

Two Phase III studies, the GOG218 and the International
Collaborative Group for Ovarian Neoplasia (ICON) 7, exam-
ined the efficacy of BV in a first-line/adjuvant chemotherapy
setting.””*® The GOG218 trial was a three-group randomized

Trial Phase  Treatment Patients RR (%) P PFS (m) P OS (m) P
GOG 218% 1] CP 625 - - 10.3 393

CP-BV 625 - - 1.2 0.16 387 0.76

CP-BV — BV 625 - - 14.1 <0.001 39.7 0.45
ICON 7°% 1] CP-BV 764 48 <0.001 17.4 0.004 NR -

CP-BV — BV 764 67 19.8 NR
OCEANS"! n CG 242 574 <0.0001 84 <0.001 352

CG-BV 242 785 12.4 333
AURELIA” 1] Chemotherapy 182 12.6 0.001 34 <0.0001 - -

chemotherapy-BV 179 30.9 6.7 - -
GOG170d* I BV 62 21 - 4.7 - 17 -
Garcia et al’® I Methronomic 70 24 - 72 - 16.9 -

cyclophosphamide-BV
Cannistra® I BV 44 15.9 - 4.4 - 10.7 -
Micha et al*® I CP-BV 20 80 - - - - -
Penson et al®' Il CP-BV — BV 62 76 - 36 (58%) - - -
Rose et al*? I Oxaliplatin-docetaxel-BV 95 62 - 12 (70%) - - -
Konner et al* Il Paclitaxel-BV ev-paclitaxel/CP ip 41 - - 28.6 - - -
Tillmanns et al®® |l Nab-paclitaxel-BV 48 50 - 8.08 - 17.5 -
Horowitz etal® |l Oxaliplatin-gemcitabine-BY 19 - - 9.2 - 28 -
OCTAVIA* I CP-BV — BV 189 - - - - - -

Abbreviations: BV, bevacizumab; CG, carboplatin-gemcitabine; CP, carboplatin-paclitaxel; NR, not yet reached; PFS, progression-free survival; m, month; OS, overall

survival; RR, response rate.
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study that evaluated 1873 patients with macroscopic residual
stage 3 or any stage 4 ovarian, fallopian tube, and perito-
neal cancer (Table 2). Each of all the three study regimens
included 22 cycles lasting 3 weeks each, with intravenous
infusions on day 1, and with the first 6 cycles consisting of
standard chemotherapy (carboplatin-paclitaxel).’’

The patients were randomly assigned to receive one of
the following: control group, a combination of standard
chemotherapy (6 cycles) with placebo in cycles 2 through 6,
followed by placebo alone, for a total of 22 cycles; BV-
initiation treatment group, standard chemotherapy (6 cycles)
in combination with BV (15 mg/kg) in cycles 2 through 6,
followed by placebo alone for a total of 22 cycles; and
BV-throughout treatment group, standard chemotherapy
(6 cycles) with BV added in cycles 2 through 6, followed
by the continuation of BV alone, for a total of 22 cycles.”’
At a median of 17.4 months of follow-up compared with
the control group, the hazard of progression or death was
lower in the BV-initiation group (hazard ratio [HR], 0.908;
P = 0.16) and significantly lower in the BV-throughout
group (HR, 0.717; P < 0.001). In an analysis of PFS, in
which data for patients with increased CA-125 levels were
censored, the median PFS was 12.0 months in the control
group but 18.0 months in the BV-throughout group (HR,
0.645; P < 0.001). However, no significant difference in
OS was reported.”’

Results of updated analyses of PFS and OS, performed
after 47% of the patients had died, were consistent with those
from the original analyses. However, the potential to detect a
difference in survival is likely to be limited by lack of control
for multiple subsequent regimens, including crossover to
BV or other anti-VEGF agents.”” Hypertension of grade 2
or greater was significantly (P < 0.001) more common with
BYV than placebo.”’

The ICONT7 trial had a similar design and enrolled 1528
patients with newly diagnosed high-risk stage 1/2A and stage
3/4 ovarian, fallopian tube, and peritoneal cancer who were
randomly assigned to six cycles of chemotherapy alone or six
cycles of chemotherapy plus BV (7.5 mg/kg), followed by
12 cycles of maintenance BV (Table 2).>* The rate of complete
or partial remission was 48% in the standard-therapy group
and 67% in the BV group (P < 0.001).>® The median PFS,
with a median follow-up of 19.4 months, was 17.3 months
in the standard-therapy group and 19.0 months in the BV
group (HR, 0.81; P =0.004).5® After a median follow-up of
28 months, results were very similar to those of the primary
analysis (P = 0.001), and a long-term improvement in PFS
was observed with BV (HR, 0.87; P =0.04).%8

Among the 465 women at high risk for progression, 386
had disease progression, and survival was greater with BV
than with standard therapy (HR, 0.73; P = 0.002).%® The
updated PFS curves were similar to those obtained in the
primary analysis after 24 months of follow-up. After a median
follow-up of 28 months, the survival data did not demonstrate
a significant improvement in OS (HR, 0.85; P=0.11). A post
hoc exploratory OS analysis showed a significant improve-
ment in the high-risk-for-progression subgroup (HR, 0.64;
P =0.002). Hypertension of grade 2 or higher was observed
more often in the BV group. Final survival data are expected
in 2013.%

In the GOG218 trial, Burger et al’’ declared that the
potential to see differences in OS was limited by postpro-
gression therapies, including crossover to the experimental
agent BV. In addition, Korn et al* observed in his letter that
postprogression therapies will attenuate differences in OS
but that the observed attenuated differences are the correct
measure of clinical benefit for the patients, provided that
standard-of-care postprogression therapies are used in both
treatment groups.> Although in the ICON7 trial®® less than
4% of the patients in the control group received postprogres-
sion antiangiogenic treatments, among the GOG218 results,
these data are not yet available.

Burger argues that the analysis of this group has not yet
been made, but in a subanalysis of I[CON7 in which the results
of patients with high-risk disease were evaluated, as in the
GOG218, a substantial advantage in the use of BV on OS was
found.® If this benefit is to be confirmed, the OS discrepancy
could be a result of the activity of the postprogression therapy
and would support the idea of PFS as an end-point definitive
to verify the influence of new agents on EOC.%

In their letter, Copur et al® disagree with the authors’
conclusion that BV could be considered a front-line treatment
option, as several previously reported randomized trials
of paclitaxel as consolidation and maintenance therapy
have shown significant improvements in PFS with a compa-
rable toxicity, in the occurrence of AEs, and in quality-of-life
profile.®-%¢ In addition, treatment with paclitaxel is more
cost-effective than treatment with BV, which also has a lack
of biologic markers predictive of efficacy.* The introduction
of taxanes as consolidation therapy must be weighed against
the risk of neuropathy. To reinforce the performance and
decrease the adverse effects, an appropriate schedule should
be considered.®! Finally, the implementation of extended
taxane and antiangiogenic therapy may not be mutually exclu-
sive, and indeed it would be intriguing to study the potential
benefit of standard chemotherapy in combination with BV
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followed by either continued paclitaxel combined with BV
or BV alone in patients who would have been eligible for
enrollment in GOG218.%!

According to Mountzios and Pentheroudakis,®” the most
intriguing finding in the study by Perren et al*® was the greater
benefit from BV in patients at high risk for disease progres-
sion than that seen among patients at lower risk, supporting
the notion that normalization of tumor vasculature confers
maximal benefit in patients with advanced disease.®” A pos-
sible explanation for these results is that BV loses its efficacy
in synergistic action with cytotoxic chemotherapy in case of
the absence of macroscopic residual disease, as was the case
of the AVANT study in colorectal cancer.®® In both studies,
PFS curves converged a few months after BV discontinu-
ation, suggesting that antiangiogenic treatment may delay,
but not prevent, disease progression.®> About this similarity
between colon cancer and EOC, Perren et al*® observed that
in both diseases, the presence of a larger mass may lead to a
better effect of BV because of a larger tumor vasculature.®’
Moreover, Goel et al”® proposed that the normalization of
tumor vasculature is responsible for reduction in hypoxia and
interstitial-fluid pressure. The idea of an intermittent schedule
is intriguing, but at the moment there are insufficient clinical
data to support this, because in the intermittent dosing, the
evaluation of hypoxia and interstitial-fluid pressure have to
be carefully assessed.®’

Several other Phase III trials of BV for the treatment of
recurrent EOC have been conducted.

The Ovarian Cancer Education Awareness Network
(OCEANS) trial” evaluated the efficacy of BV in combi-
nation with gemcitabine-carboplatin (GC) in patients with
recurrent, platinum-sensitive EOC, primary peritoneal, or
fallopian tube cancers (Table 2). At the median follow-up
of 24 months, the addition of BV to GC led to a statistically
significant increase in PFS and in overall RR compared with
GC with placebo (HR, 0.484; P < 0.0001 and P < 0.0001,
respectively).”! With regard to OS, at the time of the final
PFS analysis, the data were immature.”!

The authors reported a higher incidence of serious AEs in
the BV group, consisting of grade 3 or greater hypertension,
proteinuria, and reversible posterior leukoencephalopathy
syndrome, whereas gastrointestinal perforation occurred in
only two patients after study discontinuation.”

In the trial by Herzog et al,” the authors investigated
the concordance between overall response and PFS deter-
mined by CA-125 and Response Evaluation Criteria In
Solid Tumors (RECIST) criteria, the effect of early CA-125
changes over subsequent overall response by RECIST

criteria, and the prognostic value of CA-125 response and
CA-125 PFS to predict radiologic response and PFS by
RECIST criteria.”> The PFS, as an indicator of favorable
ultimate treatment success, has shown an 86%—-87% con-
cordance rate between CA-125 and RECIST response in
both groups.”? Among RECIST responders, an early CA-125
decrease of 25% was observed in a high number of patients,
and CA-125 progression preceded RECIST progression in
35% of patients.”” The GCI proposed new criteria for the
evaluation of progression during therapy and recurrence after
treatment on the basis of either the objective RECIST criteria
or the serum CA-125 evaluation.”” The GCI™ also stressed
the importance of collection of data such as CA-125 alone,
CA-125 and symptoms, and RECIST alone to better modulate
protocols in those patients demonstrating measurable stable
disease but CA-125 increase. In a recent GOG Phase II trial,
the GCIG CA-125 criteria would have generated the same
conclusion as RECIST for response and 6 months PFS.
However, approximately 10% of patients might demonstrate
progression earlier by CA-125.7

Aghajanian et al’! did not use the marker as a predictor
of response to treatment and did not include data related to
biomarker modifications. The advantage of PFS as a primary
end point is that it reflects tumor shrinkage and disease con-
trol with the treatment used in the study. However, because
the trial was designed so that patients would receive BV or
placebo until progression or unacceptable toxicity, the lack
of biomarker analysis and the use of RECIST parameters
alone as eligibility criteria and as a measure of the response
to drugs could cause needless prolonging of the treatment,
with excessive costs and little gain in PFS.”

A randomized Phase III trial, A Study of Avastin
(Bevacizumab) Added to Chemotherapy in Patients With
Platinum-resistant Ovarian Cancer (AURELIA),” enrolled
361 patients to compare chemotherapy versus chemotherapy
plus BV (Table 2). Median PFS was significantly prolonged
with chemotherapy plus BV versus chemotherapy alone
(HR, 0.48; P < 0.001).7¢ Similarly, chemotherapy plus BV
was associated with a significant increase in overall RR
(P=0.001).” The most common grade 3 or higher AEs with
BYV, described as being of special interest, were hypertension,
thromboembolic events, proteinuria, and gastrointestinal
perforation. Of note, strict eligibility criteria, which excluded
patients with more than two previous anticancer treatments,
a history of bowel obstruction/abdominal fistula, or clinical
evidence of rectosigmoid involvement, may have minimized
BV-associated AEs in this study. A final analysis will be
reported in 2013.7
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Conclusion

High-grade serous EOC is characterized by the overexpression
of VEGF, which has been recognized as a central promoter
of the activation phase of angiogenesis.

VEGEF expression and indices of angiogenesis in primary
tumors have been correlated directly with the extent of
disease, and inversely with PFS or OS. Direct targeting of
this pathway can be achieved by sequestration of the VEGF
protein, using monoclonal antibodies or engineered binding-
site molecules. The most widely studied agent has been BV
in Phase II and I1I trials with concurrent chemotherapy and
maintenance. Two Phase III trials in patients newly diagnosed
with EOC have reported a modest improvement in PFS, but
less effect on OS.78

The combined effect of cytoreductive surgery and
chemotherapy would tend to minimize tumor-associated
VEGF production, as well as the size of any residual
disease, which is quite different from the management of
large-volume metastatic disease in other settings. Taken
together, these effects could theoretically reduce the effect
of BV during primary chemotherapy and might favor using
BV in the setting of recurrent disease, as illustrated by
data from the OCEANS trial in platinum-sensitive recur-
rent disease.”!

Expected toxicities from BV were observed (including
thromboembolic events and hypertension). Most of the seri-
ous events tended to occur during primary chemotherapy
and within the perioperative period, with fewer dose-limiting
events noted during maintenance therapy.

Although the Phase I11 trials met their primary endpoints
for improvement in PFS, the magnitude of benefit was not
as great as anticipated based on Phase II data in patients
with recurrent disease. Because of the design of the trials,
it is not possible to state how much of the improvement in
PFS is related to the total duration of therapy, the integration
with concurrent chemotherapy, or the maintenance after che-
motherapy. However, maximal benefit was achieved in the
population that received BV during and after chemotherapy.
In addition, both trials demonstrated a trend for greater ben-
efit in patients with more extensive disease, based on either
the results from cytoreductive surgery (ICON7) or through
exclusion of patients with small-volume disease and CA-125
progression (GOG0218).57%¢

The magnitude of this effect appears greater in [CON7
compared with GOGO0218, and it is possible that a higher
proportion of patients in the GOG trial were able to obtain
commercial BV (or other related agents) after completion of
protocol-directed therapy.

However, according to the many experimental studies,
there is strong evidence for introducing BV in the medical
treatment of patients with advanced and recurrent EOC.
BV in association with carboplatin and paclitaxel, followed
by maintenance treatment with BV, could be considered an
attractive and active treatment for patients with advanced
EOC, but other angiogenesis inhibitors are under careful
evaluation for introduction to clinical practice. Nevertheless,
further investigations and large clinical trials are needed to
understand the safety and effectiveness of the new agents in
this setting, the optimal duration and timing of treatment,
and the activity in association with other targeted drugs and
chemotherapeutic agents. Certainly, and more importantly, it
is necessary to identify biologic factors predictive of efficacy
to choose the most appropriate antiangiogenic agent in the
integrated treatment of EOC.

Other critical issues remain unresolved, such as the
correct identification of women most likely to benefit from
antiangiogenic agents, the elucidation of resistance to VEGF
blockade and the development of alternative antiangiogenic
strategies, and the development of targeted tumor-specific
antiangiogenic therapies to avoid AEs associated with the
inhibition of normal physiologic angiogenesis. Mature data
are awaited from ongoing studies evaluating multitargeted
inhibitors of receptor-associated tyrosine kinases in the set-
ting of primary and maintenance therapy.
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