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Abstract: Despite the high response rate to first-line treatment of advanced ovarian cancer,
the vast majority of patients relapse. Maximal debulking surgery and chemotherapy with a
platinum doublet have remained the standard of care for many years and new approaches are
imperative. Recent clinical trials have given grounds for hope. Neoadjuvant chemotherapy,
intraperitoneal delivery, and dose-dense strategies have all shown promising results, as has
the targeting of angiogenesis. A greater understanding of the molecular landscape of ovarian
cancer is helping to identify new treatment options. In this review, we will highlight the key
trials and recent progress in these areas.
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Introduction

The survival figures for ovarian cancer are the poorest amongst the gynecological
cancers. In Europe, there are an estimated 65,697 new cases and 41,448 deaths each
year.! A minority of women (approximately 15%) present with disease confined to
the ovaries and following surgery their 5-year survival is more than 90%. For those
presenting with advanced disease (FIGO stage III-1V), the outlook is less optimistic
with the probability of surviving 5 years being less than 30%.? Early diagnosis of
ovarian cancer is therefore highly desirable but confounded by the lack of clearly
defined symptoms.** Trials have been undertaken to assess the efficacy of screening
asymptomatic women with annual CA 125 and transvaginal ultrasound but, to date,
these have failed to demonstrate a reduction in mortality.’ The ongoing UK Collabora-
tive Trial of Ovarian Cancer Screening will report in the next 2 years.

For advanced disease, the standard treatment of surgery and platinum-based che-
motherapy has remained unchanged for many years. Attempts to improve the platinum
doublet by addition of a third cytotoxic agent or very high-dose therapy have only
increased toxicity without benefit in progression-free or overall survival.

In this review, we will consider how new approaches to the standard of care of
carboplatin and paclitaxel, such as neoadjuvant chemotherapy, intraperitoneal treat-
ment, dose-dense therapy, and targeting angiogenesis, are impacting on the outcome
of ovarian cancer. However, it may be that as our understanding of the heterogeneous
nature of ovarian cancer deepens, we will also need to focus our attention on the
genomic landscape of the disease if we are to improve treatment.
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Standard chemotherapy

Since the 1970s, the standard of care for the management of
advanced ovarian cancer has been maximum cytoreductive
surgery and platinum-based chemotherapy, with carboplatin
combinations replacing cisplatin-based chemotherapy over
the last 15 years.

Although platinum drugs are the most active agents
in ovarian cancer, taxanes have emerged as an important
group of drugs, particularly when given in conjunction with
platinum. This was first demonstrated in 1996 following
publication of the Gynecologic Oncology Group (GOG) 111
trial which reported the superiority of cisplatin and paclitaxel
compared with cisplatin and cyclophosphamide.” Mature data
from this and a similar study, the European-Canadian Inter-
group trial (OV10),* showed in each case an 11% absolute
gain favoring the paclitaxel combination. Carboplatin with
paclitaxel was subsequently found to be at least as effec-
tive as cisplatin and paclitaxel.” The use of docetaxel as a
substitute for paclitaxel gives similar progression-free and
overall survival data and less neurotoxicity, but at the risk
of dose-limiting myelosuppression. !’

However, two studies have questioned the additional
value of paclitaxel. The International Collaborative Ovarian
Neoplasm (ICON-3) study compared carboplatin and
paclitaxel with single-agent carboplatin or cyclophosph-
amide, doxorubicin, and cisplatin,'' and did not show any
survival advantage. Some have attributed this to the inclu-
sion of a greater number of low-risk patients than GOG 111
and OV10, which included a larger percentage of stage III
and IV suboptimally debulked patients. A second trial,
GOG 132, included a comparison of cisplatin with cisplatin
and paclitaxel. Patients receiving cisplatin crossed over to
paclitaxel on progression. There was no difference in overall
survival between these two arms.'? Nevertheless, carboplatin
and paclitaxel have become the established standard of care
and the favored comparator arm in clinical trials."

Although the response rate for first-line carboplatin and
paclitaxel is 70%—80%, with more than 50% achieving com-
plete remission after surgery and chemotherapy, the majority
of women with advanced ovarian cancer will subsequently
relapse or progress and eventually develop chemotherapy-
resistant disease. A number of randomized trials have sought
to improve survival by addition of a third agent. The largest
of these studies was GOG 182/ICON-5, an international
collaboration which sought to evaluate three drugs with well
defined activity in the setting of recurrent ovarian cancer, ie,
topotecan, gemcitabine, and pegylated liposomal doxorubi-
cin.'* However, at the planned interim analysis in 2004, none

of the experimental arms had met the prespecified reduction
in progression-free survival compared with the reference arm,
and the study was closed.

Neoadjuvant chemotherapy

Patients who undergo maximal cytoreductive surgery with
0—1 cm residual tumor have the best survival. In some
patients, optimal cytoreduction is difficult and a second
(interval) debulking surgery is performed. This has been
shown to improve overall survival.'s This randomized trial
is a key publication demonstrating the value of cytoreduc-
tive surgery. In order to avoid two operations, an approach
of primary (neoadjuvant) chemotherapy has been explored
to reduce the tumor burden and facilitate definitive surgery,
which takes place after 3—4 cycles of chemotherapy. This
has the potential to minimize the invasiveness of surgery
without reducing its efficacy, a strategy used to facilitate
breast-conserving surgery in patients with breast cancer.

The strategy of neoadjuvant chemotherapy has been
tested in a randomized trial, ie, the European Organisation
for Research and Treatment of Cancer (EORTC) 55971, in
potentially operable patients with stage Illc or IV ovarian,
fallopian tube, or primary peritoneal carcinoma. They were
randomized between standard primary debulking surgery and
chemotherapy or neoadjuvant chemotherapy with interval
debulking surgery.'® Following surgery, residual tumor =
1 cm was achieved in 80.6% of those receiving neoadjuvant
chemotherapy but only 41.6% of those receiving standard
upfront surgery, who also suffered more postoperative
adverse events and mortality. Progression-free and overall
survival were similar in the two arms, but the strongest inde-
pendent variable for predicting overall survival was complete
resection of all macroscopic disease.

Two further prospective trials have already completed
accrual and results will soon be reported. The CHORUS
(CHemotherapy OR Up front Surgery) trial in the UK has a
design similar to that of EORTC 55971, and the results from
both studies will be pooled to provide a large randomized
dataset. In the Japanese study, JCOG 0602, the trial design
consists of a total of eight cycles of chemotherapy, with either
eight given after primary surgery or four given neoadjuvantly
before interval debulking and four afterwards.!”!¥

The conclusion drawn from EORTC 55971 is that delay-
ing surgery by giving primary chemotherapy does not impact
negatively on survival. The absence of residual disease
after surgery remains important, and primary surgery is still
advocated unless it is considered by preoperative assess-
ment that it would be difficult to “debulk” the tumor to no
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macroscopic residual disease, either due to the location or
extent of disease, or because the resultant morbidity would
be considered too great. Many published series advocate
that with an “aggressive” approach, complete “debulking”
is possible in most cases. However, these reports may be
influenced by selection bias; amongst the centers partici-
pating in the EORTC 55971 study, there was considerable
variation in the completeness of primary cytoreduction. It is
likely that primary chemotherapy will become particularly
important for those with bulky stage Illc disease, particularly
involving the upper abdomen, or stage I'V disease,'®!° and it
is estimated that in routine clinical practice about one third
of patients undergo neoadjuvant treatment. Therefore, it is
essential that this approach becomes incorporated into the
design of clinical trials investigating new therapies.

Intraperitoneal chemotherapy
Advanced ovarian cancer is predominantly a disease of the
peritoneal surfaces, and this has prompted investigation into
delivery of chemotherapy directly into the peritoneum. This
increases the intensity of the dose delivered to the tumor
without compromising plasma drug levels and potentially
spares normal tissues such as bone marrow from increased
toxicity.

Evidence to support the use of intraperitoneal che-
motherapy is derived from three randomized trials. The
GOG 104 study examined intravenous cyclophosphamide
600 mg/m?* with either intravenous or intraperitoneal cisplatin
100 mg/m? administered every 3 weeks for six cycles.!” The
intraperitoneal group showed an estimated median survival
of 49 months compared with 41 months in the intravenous
group but experienced more frequent moderate to severe
abdominal pain.

In GOG 114, patients received either six cycles of intra-
venous paclitaxel 135 mg/m? and cisplatin 75 mg/m? every
3 weeks or intravenous carboplatin (AUC 9) every 28 days
for two cycles, followed by six 3-weekly cycles of intra-
venous paclitaxel 135 mg/m? and intraperitoneal cisplatin
100 mg/m?.2 The intraperitoneal arm demonstrated improved
progression-free survival (median 28 versus 22 months; haz-
ards ratio [HR] 0.78; P =0.01) and overall survival (median
63 versus 52 months; HR 0.81; P=0.05) but increased toxic-
ity, with 18% of patients receiving fewer than two courses
of intraperitoneal chemotherapy.

The most impressive median survival data following
intraperitoneal chemotherapy comes from the GOG
172 study.?! Treatment with intravenous paclitaxel
135 mg/m? followed by intravenous cisplatin 75 mg/m? was

compared with intravenous paclitaxel 135 mg/m? followed
by intraperitoneal cisplatin 100 mg/m?, plus intraperitoneal
paclitaxel 60 mg/m? on day 8. The median survival was
49.7 months in the intravenous arm but 65.6 months in the
intraperitoneal arm. However, there was substantially more
toxicity in the intraperitoneal arm, including grade 3 and
4 leucopenia, thrombocytopenia, and pain. Only 42% of
patients received all six cycles of planned treatment in the
intraperitoneal arm.

Together, these three trials contributed 75% of the
patients in a review of eight trials by the US National
Cancer Institute in 2006. This review prompted a clinical
announcement stating that intraperitoneal treatment should
be considered in optimally debulked patients. However, the
approach has not become routine practice. Concerns regard-
ing toxicity and lack of experience in placing and managing
indwelling catheters have impeded its acceptance. In addi-
tion, it has been suggested that the benefits in GOG 114 are
the result of a total of eight cycles of chemotherapy in the
intraperitoneal arm, and the benefits in GOG 172 may lie
with the additional drug or dose-dense paclitaxel approach
in the intraperitoneal arm.

Ongoing trials are evaluating the use of intraperitoneal
carboplatin (GOG 252 and iPocc/JGOG 3019) and the use
of intraperitoneal therapy with either carboplatin or cisplatin
and intraperitoneal paclitaxel after neoadjuvant chemo-
therapy and interval debulking surgery (NCIC-CTG OV21/
NCRI-PETROC).

Dose-dense chemotherapy

Increasing the intensity of chemotherapy scheduling has
produced some of the most promising results seen in ovarian
cancer in the last decade. The rationale for this approach is
that, by reducing the interval between treatments, the dura-
tion of exposure to the chemotherapeutic agent is increased
and there is less time for tumor regrowth. The benefits of this
approach were first demonstrated in breast cancer.”**

In 2009, Katsumata et al reported a Phase III study of
dose-dense paclitaxel for the Japanese Gynecologic Oncology
Group.?* The study compared standard 3-weekly carboplatin
(AUC 6) and paclitaxel 180 mg/m? with 3-weekly carboplatin
and dose-dense paclitaxel given at 80 mg/m? every week.
The dose-dense arm not only showed an improvement in
the primary endpoint of progression-free survival (28.0
versus 17.2 months; HR 0.71, 95% confidence interval [CI]
0.58-0.88; P =0.0015)) but also in 3-year overall survival
(72.1% versus 65.1%; HR 0.75, 95% C1 0.57-0.98; P=0.03).
The significant difference in survival was maintained when
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the data were recently updated to a median follow-up of
6.4 years.” The cost of this effect was an increase in toxicity,
with greater neutropenia (dose-dense group 92%, conven-
tional arm 88%) and grade 3 or 4 anemia (dose-dense group
69%, conventional arm 44%) in the dose-dense group. More
delays and dose modifications were required and only 61%
received all six cycles as opposed to 73% of patients in the
standard arm. Other side effects, including neurotoxicity,
were similar between the two groups.

The effects seen with dose-dense paclitaxel have not been
so clearly demonstrated with dose-dense platinum, at least in
the first-line setting. Previous studies with weekly cisplatin
have not shown an overall survival benefit.?6?® A potential
explanation is genotypic variation in determinants of drug
efficacy, eg, DNA repair gene excision repair cross comple-
mentation group 1. Ethnic variations in allele frequencies
may impact drug pharmacokinetics and dynamics.?**° The
results of confirmatory studies including Caucasian patients
are eagerly awaited. The Italian MITO-7 study will evaluate
3-weekly carboplatin (AUC 6) and paclitaxel 175 mg/m? with
weekly carboplatin (AUC 2) plus weekly paclitaxel 80 mg/m?>.
The National Cancer Research Institute ICON-8 study is a
three-arm trial incorporating a conventional treatment arm,
and two experimental arms, either 3-weekly carboplatin and
weekly paclitaxel or weekly fractionation of both carboplatin
and paclitaxel.

A further consideration is that low-dose paclitaxel may
exhibit antiangiogenic activity. The ongoing GOG 262 trial
allows addition of the antiangiogenic agent, bevacizumab,
to two different dosing schedules of paclitaxel in stage [I-IV
ovarian cancer.

Targeting angiogenesis
Angiogenesis, the growth of new blood vessels from existing
ones, promotes solid tumor growth and metastasis. Epithelial
ovarian cancer cells frequently express vascular endothelial
growth factor (VEGF), and the level of its expression is an
independent prognostic indicator of survival.*! Bevacizumab
is a humanized monoclonal antibody that inhibits the binding
of VEGF-A to its receptors, VEGFR1 and VEGFR2, with
resulting inhibition of new vessel formation and regression
of tumor vasculature. Tumor responses and delayed pro-
gression were seen in single-arm trials.’*** As a result, two
front-line Phase III trials were performed and the results
were reported in 2011.

In ICON-7, 1528 patients were given carboplatin
(AUC 5 or 6) and paclitaxel 175 mg/m? every 3 weeks for
six cycles with or without the addition of bevacizumab.**

Bevacizumab was given at a dose of 7.5 mg/kg concurrently
every 3 weeks for six cycles and continued for an additional
12 cycles or until disease progression. The majority of
patients (70%) had stage Illc or IV ovarian cancer and 30%
were at high risk for progression (stage Illc or IV with >1 cm
residual disease following surgery).

In the bevacizumab arm, there was an improvement in
median progression-free survival from 17.3 to 19.0 months
(HR for progression or death with bevacizumab added,
0.81; 95% CI 0.70-0.94; P = 0.004 by the log-rank test).
This treatment effect was maximal at 12 months (around
the time of completion of bevacizumab) but diminishing
by 24 months. The greatest effects were seen in patients
at high risk of progression (stage III or IV with > 1 cm
residual disease following surgery), with progression-free
survival (restricted mean) at 42 months of 18.1 months
with bevacizumab and 14.5 months in the standard arm,
and on an interim survival analysis, 36.6 compared with
28.8 months. Final results for overall survival are expected
in 2013.

The second trial, GOG 218, had the same standard treat-
ment arm but two experimental arms.* In the bevacizumab-
throughout arm, bevacizumab was given with chemotherapy
for cycles 2—6 and then continued 3-weekly until a total
of 22 cycles. In the bevacizumab-initiation arm, bevaci-
zumab was again given with chemotherapy in cycles 2—6,
but placebo was administered in cycles 7-22. The dose of
bevacizumab was 15 mg/kg, ie, double the dose in ICON-7.
The 1873 women enrolled had either stage I1I (incompletely
resected) or stage IV disease and had undergone debulking
surgery.

The median progression-free survival was 10.3 months in
the control arm, 11.2 months in the bevacizumab-initiation
arm, and 14.1 months in the bevacizumab-throughout group.
The HR for progression-free survival comparing the control
and bevacizumab-throughout groups was 0.770 (95% CI
0.681-0.870). However, there were no significant differences
in overall survival between the three groups.

The lack of improvement in overall survival in
GOG 218 may be due to unblinding of patients at the
progression-free survival analysis and crossover to bevaci-
zumab following progression. This did not occur in ICON-7.
In GOG 218, the primary endpoint of overall survival was
changed to progression-free survival because many investiga-
tors and patients contested the blinding of treatment following
progression. However, the Fourth Ovarian Cancer Consensus
Conference supported the use of progression-free survival as
a primary endpoint due to the difficulty of assessing overall
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survival given the confounding effect of subsequent lines
of treatment.*

Bevacizumab was associated with more adverse events,
including hypertension (grade 2 or higher in 18% of patients
in ICON-7, 23% of patients in GOG 218), an increase in
bleeding (mainly mucocutaneous), and thromboembolic
events. However, overall, the treatment was well tolerated,
and bowel perforations, a concern from earlier bevacizumab
studies, were rare (1% of patients in ICON-7, 3% of patients
in GOG 218).%

When considering who should receive bevacizumab,
the greatest benefit seems to be in those at greatest risk of
recurrence, perhaps because the requirement for an additional
blood supply is greater in larger tumors than in microscopic
deposits after debulking surgery. These results emerged
from a preliminary analysis of a subset of the ICON-7 study.
Although bevacizumab is licensed for first-line therapy
within the European Union, many questions remain about
how the drug should best be used. These include the dose
and duration of treatment. The use of the lower 7.5 mg/kg
dose in ICON-7 is attractive, but the GOG 218 data suggest
that treatment may need to be given for longer. This is sup-
ported by the OCEANS study in recurrent, platinum-sensitive
ovarian cancer in which bevacizumab was continued until
progression®® and this has led to a new first-line study com-
paring 15 months with 30 months of bevacizumab treatment,
known as the BOOST (Bevacizumab Ovarian Optimal
Standard Treatment) trial. The economic costs of using
bevacizumab in the first-line setting have not been thoroughly
examined yet. The use of the higher dose of bevacizumab
(15 mg/kg) and increasing the duration of therapy will drive
up costs. Economic assessment will also need to evaluate the
benefit of extension of progression-free survival, or overall
survival if the initial subgroup data from ICON-7 are robust
on mature analysis. Further trials will need to explore the
integration of bevacizumab into other strategies such as
neoadjuvant, dose-dense, and intraperitoneal therapy.

Other first-line trials targeting angiogenesis include the
oral VEGF receptor tyrosine kinase inhibitors, pazopanib*
or nintedanib.*® The trials have completed recruitment and
are in follow-up, but the results are not yet available. In
another approach, AMG 386, a peptibody that inhibits the
interaction of angiopoietin-1 and angiopoietin-2 with the
Tie 2 receptor, is being given with chemotherapy and as
maintenance.* Given the potential toxicity, cost, and dura-
tion of treatment associated with bevacizumab and other
antiangiogenic agents, it is essential that predictive markers
for efficacy are identified.

Personalizing therapy

None of the trials thus far have considered factors predictive
of sensitivity to drugs or molecular targeted therapy. Large
numbers of patients have been recruited into several front-
line trials, and only a small proportion of patients benefit. For
example, it is clear that differences in response to standard
chemotherapy exist between tumors of varying histology,
with advanced mucinous and clear cell cancers having a
poorer prognosis than advanced serous carcinomas.**
A further important distinction is between low-grade and
high-grade serous tumors, the latter being more aggressive
but more responsive to platinum-based therapy.*?

To date, large-scale genomic analyses of serous ovarian
cancers have not identified high frequency somatic onco-
genic driver mutations amenable to targeted intervention.
However, it has been suggested that up to 50% of high-
grade serous tumors are deficient in homologous recom-
bination repair of DNA damage as a result of germline
(inherited) or somatically acquired BRCAI/2 mutations,
epigenetic inactivation of BRCAI, or defects in other
components of the homologous recombination pathway.
An analysis of 489 high-grade serous ovarian adenocar-
cinomas by the Cancer Genome Atlas Research Network
found 20% to harbor germline or somatic mutations in
BRCA1/2, and 11% to lose BRCAI expression through
DNA hypermethylation. A further 25% showed altera-
tions in other homologous recombination gene, eg, EMSY,
PTEN, and RAD51.%

Germline mutations in BRCA1/2 are associated with
certain clinical characteristics, known as the BRCAness
phenotype. These include young age at presentation, high-
grade serous histology, visceral metastases,*® platinum
sensitivity,*” and increased overall survival.* Therefore, it is
anticipated that tumors arising from other defects in homolo-
gous recombination may exhibit similar characteristics.

Recently poly(adenosine diphosphate-ribose) polymerase
(PARP) inhibitors have been shown to provide a mechanism
by which homologous recombination deficient cells can be
targeted. PARP is an essential component in the repair of
single-strand breaks. If inhibited, the persistent single-strand
breaks are converted to double-strand breaks which
BRCA-deficient cells, deficient in homologous recombina-
tion, are unable to repair, resulting in DNA fragmentation
and apoptosis. This concept is known as synthetic lethality.*
Phase I and II trials are already demonstrating the efficacy
of PARP inhibitors, not only in those who carry germline
mutations, but also in groups enriched for homologous-
recombination deficiency.™
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Conclusion

Recent results in ovarian cancer trials are encouraging.
Neoadjuvant chemotherapy, intraperitoneal delivery, a dose-
dense approach, and targeting of angiogenesis all present ways
in which treatment may be enhanced. Perhaps the more dif-
ficult task will be in deciding who will benefit most from which
strategy or combination of strategies. In addition to consider-
ing stage of disease and histological subtype, the molecular
profile of tumors will become increasingly important and the
identification of biomarkers to predict efficacy essential.
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