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The optimal chemotherapymanagement of advanced ovarian
cancer has been the subject of numerous randomized clinical
trials. These trials have helped define our standard of care.
However, the lack of randomized data in every clinical setting
forces the practicing oncologist to make inferences from
previous trials. For the last 24 years, a combination of a
platinum compound and a taxane has been the standard
regimen for ovarian cancer.This review highlights some of the
principal past trials and recent trials and their effect on our
standard of care.

The combination of paclitaxel and a platinum compound
chemotherapyforadvancedovariancancerwasestablishedbya
prospective randomized trial published 20 years ago. Since that
original trial, numerous studies have confirmed these results
and addressed the role of different platinum compounds,
different taxanes, different routes, and different schedules of
administration. In the last few months, the mature results of
several prospective chemotherapy trials in ovarian cancer have
further defined what the author believes should be considered
the standard of care. The purpose of this current review is to
discuss the evolution of platinum and taxane first-line chemo-
therapy for ovarian cancer and the most recent trials and their
impact on the current standard of care (Table 1).

FIRST-LINE THERAPYWITH CISPLATIN AND PACLITAXEL

Gynecologic Oncology Group (GOG) protocol 111 compared
paclitaxel and cisplatin to cyclophosphamide and cisplatin in
patientswith suboptimal (suboptimal,.1 cm residual disease
followingprimarydebulking) stages III and IVdisease following
primary cytoreductive surgery [1]. Improvements were seen
with the paclitaxel-based regimen in progression-free survival
(PFS) and overall survival (OS) by 5 months and 14 months,
respectively. A subsequent trial by the European Organization
for Research and Treatment of Cancer (EORTC), the Nordic
Gynecological Cancer Study Group, the National Cancer
Institute of Canada Clinical Trials Group, and the Scottish
Randomised Trial in Ovarian Cancer (SCOTROC) confirmed
these results in a slightly broader patient population that
included patients with stages IIB, IIC, III, and IV cancer with
optimal and suboptimal residual disease [2]. This trial also
demonstrated improvement in progression-free and overall

survival consistent with a GOG trial. However, as noted in their
manuscript, “the trial did not have the power to compare the
chemotherapy regimens in the subsets of patients having
optimal or suboptimal residual disease.” Previous trials by the
GOG had evaluated three groups of patients on the basis of
their risk of disease progression. Suboptimal patients were
defined as stage III patientswith greater than 1 cmdiameter of
residual disease or stage IV disease. Optimal stage III patients
had less than1cmdiameterof residual disease.High-riskearly-
stage disease included patients with stage IA and stage IB
tumors with grade 3 histology, stage IC, IIA, IIB, and IIC.
Although, subgroup analyses did not specifically evaluate
optimal stage III patients and stage II patients, the combination
chemotherapy regimen was rapidly adopted in these more
favorablepatient subgroups.Additionally, althoughnospecific
study evaluated the use of paclitaxel and cisplatin in high-risk
early-stage ovarian cancer, the benefit of this combination in
this patient population was inferred. Inference as defined by
the Merriam-Webster dictionary is the act or process of
reaching a conclusion about something from known facts or
evidence [3].

INTRAPERITONEAL CHEMOTHERAPY

At the same time as the GOG 111 publication, the first
important trial of intraperitoneal chemotherapy SWOG 8501,
GOG 104 was published [4]. This trial compared i.v. cisplatin
100 mg/m2 and i.v. cyclophosphamide 1,000 mg/m2 with i.p.
cisplatin 100 mg/m2 and i.v. cyclophosphamide 1,000 mg/m2.
The use of intraperitoneal chemotherapy decreased the
likelihood of residual disease at second-look laparotomy and
improved progression-free and overall survival. However, the
concern regarding this regimen was the lack of paclitaxel,
which had become a new standard. A subsequent study GOG
114 utilized paclitaxel, comparing i.v. cisplatin 75 mg/m2 and
i.v. paclitaxel 135 mg/m2 for 24 hours for six cycles to an
experimental arm that included high-dose i.v. carboplatin for
twocycles: i.p. cisplatin100mg/m2and i.v. paclitaxel 135mg/m2

for 24 hours for six additional cycles [5]. Although the ex-
perimental combination was marginally better, severe he-
matologic toxicity from high-dose carboplatin limited drug
delivery in the experimental arm. Additionally, the trial was
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very complex, with four variables changed, including the
following: the route of administration (i.p. therapy), the
number of courses of chemotherapy (six versus eight), the dif-
ferential dose of cisplatin (75 versus 100 mg/m2), and the use
of a new agent, carboplatin. This made interpretation of the
trial difficult.

Attempting to resolve controversies with intraperitoneal
chemotherapy, the GOG initiated their third large intraperito-
neal trial, GOG172 [6].The trial design compared i.v. paclitaxel
135 mg/m2 for 24 hours, followed by i.v. cisplatin 75 mg/m2

versus i.v. paclitaxel 135 mg/m2 for 24 hours, followed by i.p.
cisplatin 100 mg/m2 and i.p. paclitaxel 60 mg/m2 on day 8 for
six cycles. This trial resulted in the most significant improve-
ments in progression-free and overall survival seen with i.p.
therapy to date, with a 5.5-month improvement in PFS and
15.9-month improvement in OS. However, only 42% of pa-
tients enrolled completed all six courses because of toxicity.
Specifically, nonhematologic toxicity was significantly in-
creased, including neurotoxicity and renal and gastrointestinal
toxicity. Quality of life with the i.p. regimen was statistically

Table 1. First-line chemotherapy regimens for ovarian cancer

Protocol (year
published) Protocol regimen Patient population (n) PFS, months OS, months

GOG 111
(1996) [1]

i.v. cisplatin/i.v. pac36 cycles vs. i.v.
cisplatin/i.v. cyclophos36 cycles

Suboptimal stages III
and IV (n5 410)

18 (p, .001) 38 (p5 .001)

13 24

GOG 104
(1996) [4]

i.p. cisplatin/i.v. cyclophos36 cycles vs.
i.v. cisplatin/i.v. cyclophos36 cycles

Optimal stage III,2 cm
(n5 546)

NS 49 (p5 .02)

NS 41

EORTC 55931
(2000) [2]

i.v. cisplatin/i.v. pac36 cycles vs. cisplatin/
cyclophos

Stages IIB to IV (n5 680) 15.5 (p5 .0005) 35.6 (p5 .0016)

11.5 25.8

GOG 114
(2001) [5]

High-dose i.v. carbo32 cycles i.p. cisplatin,
i.v. pac36 cycles vs. i.v. cisplatin/i.v.
pac36 cycles

Optimal stage III,1 cm
(n5 462)

28 (p5 .01) 63 (p5 .05)

22 52

GOG 158
(2003) [8]

i.v. carbo/i.v. pac36 cycles vs. i.v. cisplatin/
i.v. pac36 cycles

Optimal stage III,1 cm
(n5 792)

20.7 (p5 NS) 57.4 (p5 NS)

19.4 48.7

OVAR-3
(2003) [9]

i.v. carbo i.v. pac36 cycles vs. i.v. cisplatin/
i.v. pac36 cycles

Stages IIB–IV (n5 798) 17.2 (p5 NS) 43.3 (p5 NS)

19.2 47.8

SCOTROC
(2004) [11]

i.v. carbo/i.v. docetaxel36 cycles vs. i.v.
carbo/i.v. pac36 cycles

Stages IC–IV (n5 1,077) 15.0 (p5 NS) 2 year 64.2 (p5 NS)

14.8 2 year 68.2

GOG 172
(2006) [6]

i.p. cisplatin 100mg/M2/i.v. pac/i.p. pac day
836 cycles vs. i.v. carbo/i.v. pac36 cycles

Optimal stage III,1 cm
(n5 415)

23.8 (p5 .05) 65.6 (p5 .03)

18.3 49.7

GOG 182
(2009) [15]

i.v. carbo/i.v. pac/i.v. gem38 cycles vs. i.v.
carbo/i.v. pac/i.v. PLD every other38 cycles
vs. i.v. carbo/i.v. Topo34 cycles followed by
i.v. carbo/i.v. pac34 cycles vs. i.v. carbo/i.v.
gem34 cycles followed by i.v. carbo/i.v.
pac34 cycles vs. i.v. carbo/i.v. pac38 cycles

Incompletely resected
stages III–IV (n5 4312)

(p5 NS) (p5 NS)

(p5 NS) (p5 NS)

(p5 NS) (p5 NS)

(p5 NS) (p5 NS)

(p5 NS)

16 months 44.1 month

GOG 218
(2011) [16]

i.v. carbo/i.v. pac/i.v. placebo36 cycles
followed by placebo for 1 year vs. i.v. carbo/
i.v. pac/i.v. bev36 cycles followed by
placebo for 1 year vs. i.v. carbo/i.v. pac/i.v.
bev36 cycles followed by bev for 1 year

Incompletely resected
stages III–IV (n5 1,873)

10.3 (p, .001) (p5 NS)

11.2

14.1

ICON 7
(2011) [17]

i.v. carbo/i.v. pac/i.v. bev36 cycles followed
by bev for 1 year vs. i.v. carbo/i.v. pac/i.v.
placebo36 cycles followed by placebo for
1 year

Stages I–IIa grade 3
stages IIB–IV (n5 1,528)

24.1 (p5 .04) 45.5 (p5 .85)

22.4 44.6

JGOG 3016
(2009) [19]

i.v. carbo/i.v. pac 80 mg/M2 weekly36
cycles vs. i.v. carbo/i.v. pac 175mg/M2every
3 weeks36 cycles

Stages II–IV (n5 631) 28.2 (p5 .0037) 100.5 (p5 .039)

17.5 62.2

GOG 262
(2016) [21]

i.v. carbo/i.v. pac 80 mg/M2 weekly36
cycles6bevvs. i.v. carbo/i.v.pac175mg/M2

every 3 weeks36 cycles6 bev

Incompletely resected
stages III–IV (n5 692)

14.9 (p5 .6) NR

14.7 NR

GOG 252
(2016) [23]

i.p. carbo/i.v. pac 80 mg/M2 weekly1
bev36 cycles vs i.v. carbo/i.v. pac 80mg/M2

weekly1 bev36 cycles vs. i.p. cisplatin
75 mg/M2/i.v. pac/i.p. pac day 836 cycles

Optimal stage III,1 cm
(n5 1381)

28.7 (p5 .41) NR

26.8 REF NR

27.8 (p5 .73) NR

Abbreviations: bev, bevacizumab; carbo, carboplatin; cyclophos, cyclophosphamide; EORTC, European Organization for Research and Treatment of
Cancer; Gem, gemcitabine; GOG, Gynecologic Oncology Group; JGOG, Japanese Gynecologic Oncology Group; NR, not reported; NS, not significant;
OS, overall survival; pac, paclitaxel; PFS, progression-free survival; PLD, pegylated liposomal doxorubicin; REF, reference regimen of i.v. carboplatin, i.v.
weekly paclixatel, and i.v. bevacizumab; SCOTROC, Scottish Randomised Trial in Ovarian Cancer.
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worseanddidnot resolveuntil after the first yearof treatment.
On the basis of the significant improvements seen with this
trial and the prior trials collectively, the National Cancer
Institute (NCI) issued a clinical alert recommending the use of
i.p. therapy foroptimal stage III ovarian cancer [7]. Presumably
because of the concerns for toxicity, no specific i.p. regimen
was recommended in the NCI clinical alert.

REPLACING CISPLATINWITH THE LESS TOXIC CARBOPLATIN
The next generation of studies—GOG 158 and Arbeitsge-
meinschaft Gynaekologische Onkologie (AGO) OVAR-3—
established the equivalence of the less toxic carboplatin
and paclitaxel in comparisonwith cisplatin and paclitaxel [8, 9].
TheGOGtrial compared i.v. cisplatin75mg/m2and i.v.paclitaxel
135 mg/m2 administered for 24 hours to i.v. carboplatin at an
area under the curve (AUC) of 7.5 and i.v. paclitaxel 175mg/m2

administered for 3 hours, whereas the AGO trial compared
cisplatin 75 mg/m2 and paclitaxel 185 mg/m2 administered
for 3 hours to carboplatin AUC of 6 and paclitaxel 185mg/m2

administered for 3 hours. Both trials were large, approxi-
mately 800 patients each, to ensure equivalence and es-
tablished the less toxic carboplatin combination as the new
standard. However, the dose that the consensus conference
accepted—i.v. carboplatin at an AUC of 5–6 and i.v. paclitaxel
175 mg/m2 administered for 3 hours—was not the dose
utilized in either of the two trials [10].This is another example
of how inference is used to determine the optimal treatment
strategy.

Subsequently, the SCOTROC trial evaluated an alternative
taxane, docetaxel, comparing i.v. docetaxel 75 mg/m2 and i.v.
carboplatin (AUC of 5) to i.v. paclitaxel 175 mg/m2 for 3 hours
and i.v. carboplatin AUC of 5 [11]. This demonstrated nearly
identical PFS and OS with different toxicities. Docetaxel and
carboplatin caused less peripheral neurotoxicity but more
hematologic toxicity than did paclitaxel and carboplatin. There-
fore, substitution of docetaxel for paclitaxel is one strategy for
patients with worsening peripheral neuropathy.

PLATINUM/TAXANE TRIPLETS

Numerous second-line chemotherapy agents—including top-
otecan, pegylated liposomal doxorubicin, and gemcitabine—
were approved for or studied in ovarian cancer in the 1990s
[12–14]. The next important study, GOG 182, compared four
experimental arms incorporating topotecan, gemcitabine, or
liposomal doxorubicin in combination with carboplatin and
paclitaxel versus carboplatin andpaclitaxel alone [15].This trial
failed to demonstrate improvements in progression-free or
overall survival with any of the experimental regimens in
comparison with carboplatin and paclitaxel. The use of
carboplatin and paclitaxel remained the standard first-line
regimen.

ADDING ANTIANGIOGENIC THERAPY

Frustratedwith the lackof improvement in GOG 182, the GOG
turned to biologic agents in their next study. Built on a
backbone of carboplatin and paclitaxel, GOG 218 evaluated
bevacizumab in combination with chemotherapy and in
combination with chemotherapy and as maintenance for 12
monthsversusplacebo ina three-armtrial [16].Asimilar trial in
Europe (ICON 7) compared carboplatin and paclitaxel with

bevacizumab in combination with chemotherapy and as
maintenance for 12 months versus carboplatin and paclitaxel
alone [17]. Both trials demonstrated a benefit in PFS, with
bevacizumab in combination with chemotherapy and as
maintenance for 12 months. In an ICON7 subgroup analysis
the greatest benefit of bevacizumab was seen in suboptimal
stage III and stage IV patients [18].

DOSE-DENSE PACLITAXEL

On the basis of the improvementwith dose-dense paclitaxel in
breast cancer, this approach was studied in a randomized
Japanese ovarian cancer trial (JapaneseGynecologic Oncology
Group [JGOG]3016) [19, 20].Dose-densepaclitaxel (80mg/m2

weekly) plus carboplatin at an AUC of 6 was compared with
every-3-week paclitaxel (175 mg/m2) and carboplatin at an
AUC of 6. This trial included patients with stage II–IV disease
and included patients receiving neoadjuvant chemotherapy.
A significant improvement in PFS (28.2 vs. 17.5 months) and
OS (100.5 vs. 62.2 months) was seen in the patients treated
with a dose-dense paclitaxel schedule. The biggest benefit
was evident in patients with suboptimal stage III and stage IV
disease. Subgroup analysis failed to demonstrate a significant
improvement in patients with optimal residual disease. Ad-
ditionally, patients with clear cell and mucinous histology did
not benefit from the dose-dense paclitaxel schedule.

RECENT TRIALS

The next two trials discussedwere recently reported trials that
have better defined the standard of care. In the first trial, GOG
262, theGOG chose to confirm the JGOG3016 study in a group
of patients with stage III suboptimal residual and stage IV
disease. The trial design included carboplatin at an AUC of
6 in both arms, with a randomization between dose-dense
paclitaxel (80 mg/m2) weekly versus every-3-week paclitaxel
at the standard dose of 175 mg/m2 [21]. Because of the
favorable findings with bevacizumab in GOG 218 and ICON 7,
the trial allowed and provided bevacizumab to patients who
elected to receive it. The confounding factor in this trial is that
84% of patients elected to receive bevacizumab. This trial
demonstrated inferiority of 3-weekly paclitaxel and carbopla-
tin without bevacizumab. The patients with every- 3-week
paclitaxel and bevacizumab, weekly paclitaxel and bevacizu-
mab, and weekly paclitaxel without bevacizumab had similar
progression-free survivals. Despite the fact that only 16% of
patients did not have bevacizumab, those patients treated
with weekly paclitaxel versus every-3- week paclitaxel had a
statistically superior PFS with a hazard ratio of 0.62 (95%
confidence interval [CI], 0.40 to 0.95; p 5 .03). However, the
authors concluded that weekly paclitaxel is not superior to
every-3-week paclitaxel. This, of course, was true, because
weekly versus 3-weekly paclitaxel was the basis of the
randomization, but the fact that patients received bevacizu-
mab confounded the interpretation of the results. Weekly
paclitaxelhasbeenreportedtobeantiangiogenic, andthismay
account for its superiority to 3-weekly treatment [22].

The second important trial presented at the Society of
Gynecologic Oncology meeting in San Diego, California, on
March 21, 2016,was GOG252 [23].This trial was very carefully
developed with the intent to evaluate the role of intraperito-
neal therapy by changing only one variable: drug delivery by
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either the intraperitoneal or the intravenous route.This study
compared i.v. carboplatin, i.v. paclitaxel administered weekly,
and bevacizumab to i.p. carboplatin, i.v. paclitaxel adminis-
teredweekly, and bevacizumab. A third arm in this studywas a
modified version of the i.p. arm of GOG 172. This arm
administered paclitaxel 135 mg/m2 i.v. for 3 hours, cisplatin
75 mg/m2 i.p. day 2 and paclitaxel 60 mg/m2 i.p. day 8 with
bevacizumab. This study accrued 1,381 evaluable patients
and demonstrated statistically similar PFS in all three arms.
The only significant finding was the increased toxicity of the
modified 172 i.p. arm. An ongoing Japanese trial (Intraperito-
neal Therapy forOvarianCancerWithCarboplatin Trial [iPocc])
is also comparing i.v. carboplatin, i.v. paclitaxel administered
weekly to i.p. carboplatin, i.v. paclitaxel, administered weekly
[24]. The primary endpoint of this trial is progression- free
survival, and it is not expected to be completed until 2020. But
because accrual goals are significantly smaller (654), it seems
unlikely that they will see a statistical difference, because this
was not seen in the larger GOG trial.

Fromthe results of these trialsweneed to infer theoptimal
therapy for first-line therapy. Clearly, in thewell-designedGOG
252 protocol, the i.p. administration of carboplatin was un-
able to demonstrate a benefit over i.v. carboplatin therapy.
Therefore, what would be the purpose of delivering chemo-
therapy via themore complicated i.p. route? One possibility is
that thebenefitwith i.p. therapy is limited to cisplatin at adose
of 100 mg/m2. But in view of the toxicity of the modified 172
i.p. arm at 75 mg/m2, it does not seem reasonable to increase
the dose of cisplatin to 100 mg/m2 to incur even greater
toxicity. Furthermore, an ancillary study of GOG 172 evaluat-
ing the efficacy of i.p. therapy in patients with deficiency in
homologous rercombinant DNA repair demonstrated a statis-
tical benefit to i.p. therapy only in the homologous recombi-
nation (HR)-deficient patients (HR5 0.67 [0.47–0.97], p5 .032)
[25]. In patients with an intact homologous recombination,
DNA repair had no benefit with i.p. therapy (HR 5 0.98
[0.69–1.38], p 5 .895). In view of the newer potential thera-
pies for patients with homologous recombination deficiency
such as poly-ADP ribose polymerase (PARP) inhibitors with a
HR of 0.18 as maintenance therapy after a platinum-sensitive
recurrence, is it reasonable to use such a toxic primary ther-
apy [26]? Although currently, because PARP inhibitors are

approved by the U.S. Food and Drug Administration (FDA)
only in the recurrent disease setting, the use as first-line
therapy or as first-line maintenance or both is currently being
evaluated in phase 3 studies.

Does that leave us with arm 1 of GOG 252 (dose-dense
paclitaxel, carboplatin, and bevacizumab) as the new standard
of care? I do not think so. GOG 262 demonstrates that in the
suboptimal stage III and stage IV populations, dose-dense
paclitaxel and carboplatin are not inferior to dose-dense
paclitaxel, carboplatin, and bevacizumab. Numerous studies
have addressed different settings for the use of bevacizumab.
In first-line therapy, GOG 218 and ICON 7 demonstrated
improvements in PFS but not in OS. Similarly, in platinum-
sensitive recurrent ovarian cancer, The Oceans trial and GOG
213 demonstrated improvements in PFS but not in survival
[27, 28]. To date, on the basis of the Aurelia trial, the FDA has
approved the use of bevacizumab only in platinum-resistant
ovarian cancer [29].

On the basis of GOG 262, the new standard for suboptimal
stage III and stage IV should be dose-dense paclitaxel and
carboplatin, corroborating the Japanese trial. By inference
from arm 1 of GOG 252 and the equivalence in GOG 262, the
new standard for optimal stage III disease should also be dose-
dense paclitaxel and carboplatin. In early-stage disease with
high-grade serous histology, a histologic subset in which addi-
tional chemotherapy with six versus three cycles of therapy
results in a hazard ration of HR5 0.33 (p5 .04), dose-dense
paclitaxel and carboplatin could be considered as an alterna-
tive to every-3-week paclitaxel administration [30]. Again, one
has to remember that the use of platinum and paclitaxel
for early-stage disease is recommended by the National Com-
prehensive Cancer Network guidelines in the absence of level
1 evidence.

The use of paclitaxel and carboplatin as first-line therapy in
ovarian cancer has undergone refinements during the last
20 years. These refinements have optimized efficacy and
tolerability of the regimen. Our most recent studies continue
to support the use of dose-dense paclitaxel and carboplatin in
ovarian cancer.
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