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ARTICLE INFO ABSTRACT

Through the last three decades, the combination of paclitaxel and carboplatin remains the standard of care
chemotherapy in newly diagnosed epithelial ovarian cancer (EOC). Based on a single trial, first-line maintenance
therapy with angiogenesis inhibitor bevacizumab was approved in Europe and widely applied. In 2018, based on
a second trial bevacizumab was approved for first-line maintenance in the United States. Despite complete
remission upon chemotherapy, the majority of the patients recur. A large number of randomized trials were
conducted to explore the optimal front-line therapy regimen, but neither dose-densing, nor adding of a third
chemotherapy agent or intraperitoneal administration could improve overall survival (OS). Also implementation
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of hyperthermic intraperitoneal chemotherapy (HIPEC) or the neoadjuvant approach failed to improve OS.
Recently, maintenance therapy with PARP inhibitors showed encouraging results in patients with BRCA1/2
mutation. Further trials with targeted therapies are ongoing.
Here we review the achievements of front-line therapy in primary advanced EOC through the last three
decades and discuss future treatment strategies.

1. Introduction

Epithelial ovarian cancer (EOC) is one of the leading causes of
cancer death in women in the western world. It is most likely to be
diagnosed at advanced stage, therefore requiring aggressive cytor-
eductive surgery and systemic adjuvant or neoadjuvant chemotherapy.
Even despite complete resection and complete remission upon che-
motherapy, the majority of the patients recur. Thus, the concept of the
maintenance therapy to prolong the progression-free interval (PFI) as
well as overall survival (OS) was introduced and established. A plethora
of well-designed randomized trials explored the optimal front-line
chemotherapy regimen, the benefit of neoadjuvant systemic therapy as
well as the impact of the maintenance therapy in the treatment of ad-
vanced EOC. However, despite considerable advances in the pro-
longation of the time to first progression, overall survival remains poor
and EOC patients are still succumbing to this disease.

Here we review the achievements of front-line treatment strategies
in primary advanced EOC and their impact on patients’ survival
through the last three decades (Table 1 and Fig. 1).

2. Early 1990s
2.1. Standard of care first-line chemotherapy

The present standard of care in front-line therapy of EOC is the
combination of paclitaxel 175 mg/m? and carboplatin area under the
curve (AUC) 5 or 6, administered intravenously every 3 weeks (du Bois
et al., 2005).

Two large randomized clinical trials demonstrated a better OS for
patients with advanced EOC on the paclitaxel-cisplatin regimen than on
the at that time standard cyclophosphamide-cisplatin regimen, re-
porting median OS of 38 versus 24 months in the Gynecologic Oncology
Group (GOG) 111 Trial and 35.6 versus 25.8 months in the con-
firmatory European and Canadian Intergroup Trial (McGuire et al.,
1996; Piccart et al., 2000). Two other trials followed, replacing cisplatin
by carboplatin and confirming the comparable efficacy (median OS
43.3 vs. 44.1 and 57.4 vs. 48.7 months, respectively) but a better tol-
erability of carboplatin (du Bois et al., 2003; Ozols et al., 2003). Since
the end of the 1990s, several further trials have tried to improve the OS
by adding a third drug such as topotecan, epirubicin or gemcitabine to
the standard regimen or by substitution of paclitaxel by docetaxel or
pegylated liposomal doxorubicin. However, none of them was able to
obtain superior results, and revealed a range of 33-61.6 months in the
median OS depending on FIGO stage and residual disease after surgery
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Clinical Trial Characteristics

o Front-line chemotherapy
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Fig. 1. Reported Median Overall Survival in Experimental
Arms of Phase III Trials in Advanced Ovarian Cancer.
Each circle represents a phase III clinical trial on newly diag-
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(Vasey et al., 2004; du Bois et al., 2006; Pfisterer et al., 2006; Bookman
et al., 2009; du Bois et al., 2010; Pignata et al., 2011; Lindemann et al.,
2012; Cervantes-Ruiperez et al., 2013).

2.2. Secondary cytoreductive surgery as part of front-line therapy

In early 1990s two randomized phase III trials investigated the
benefit of secondary cytoreducitve surgery as part of first line therapy
in advanced EOC. In the EORTC-55865 trial patients, who had more
than 1 cm residual lesions after primary surgery were included. After
three cycles of cyclophosphamide and cisplatin they were randomized
to undergo either secondary cytoreductive surgery or no surgery, fol-
lowed by further chemotherapy. The reported OS benefit was six
months in the secondary debulking surgery group (20 vs. 26 months).
This benefit was even more impressive when patients with FIGO stage
IV were excluded (van der Burg et al. 1995). However, these results
could not been confirmed in the GOG-152 trial. The design of that study
was similar to EORTC-55865, the used chemotherapy regimen was the
combination of paclitaxel and cisplatin and the reported OS was 10.5
versus 10.7 months. Based on these data, it can be concluded that
secondary cytoreductive surgery does not improve survival in patients
who underwent a serious effort for optimal primary debulking surgery
in specialized gynecologic oncological centers (Rose et al., 2004).

3. Late 1990s: intraperitoneal therapy

The principal site of disease in EOC is the peritoneal cavity.
Therefore, regional therapy through intraperitoneal (i.p.) administra-
tion has been considered in the late 1990s (Alberts et al., 1996;
Markman et al., 2001). GOG-172 was a large-scale phase III trial and
reported OS improvement of 15.9 months (65.6 months vs. 49.7
months) in the i.p. arm (135mg of intravenous (i.v.) paclitaxel per
square meter of body-surface area over a 24-h period followed by
100 mg of i.p. cisplatin per square meter on day 2 and 60 mg of i.p.
paclitaxel per square meter on day 8) in comparison to i.v. (135 mg of
i.v. paclitaxel per square meter of body-surface area over a 24 -h period
followed by 75mg of i.v. cisplatin per square meter on day 2) arm.
However, only 42 percent of the patients in the i.p.-therapy arm com-
pleted six cycles of the assigned therapy due to increased toxicity and
catheter-related complications. Therefore, the use of i.p. chemotherapy
has not been universally accepted (Armstrong et al., 2006).

More recently, GOG-252 trial failed to show a survival benefit in i.p.
cisplatin and i.p. carboplatin group over dose-dense intravenous pa-
clitaxel and carboplatin (no OS analysis provided). However, it is im-
portant to notice, that in this trial bevacizumab was incorporated in all
arms of the study (Walker et al., 2016). Therefore, this antiangiogenic
agent may have neutralized the clinical advantage of i.p. che-
motherapy.
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4. Early 2000s: dose-dense and neoadjuvant chemotherapy

Concepts to optimize chemotherapy have also included dose-dense
weekly scheduling of paclitaxel. The strategy of dose dense che-
motherapy showed a longer PFI (28.1 vs. 17.5 months) as well as better
median OS (100.5 vs. 62.2 months) in the NOVEL trial by Japanese
Gynecologic Oncology Group (Katsumata et al., 2013). Nonetheless,
these results could not be confirmed for the Western population in the
GOG-262 Trial (median 40.2 vs. 39.0 months) (Chan et al., 2016).
Notably, 84% of patients in GOG-262 received bevacizumab. Interest-
ingly, in a subgroup analysis in patients who did not receive bev-
acizumab, weekly paclitaxel was associated with better PFS than pa-
clitaxel administered every 3 weeks (14.2 vs. 10.3 months). In contrast,
among patients who received bevacizumab, weekly paclitaxel did not
significantly prolong PFS, as compared with paclitaxel administered
every 3 weeks (14.9 months vs. 14.7 months).

The ICON-8 results were presented on ESMO 2017 Congress in
Madrid and demonstrated that weekly paclitaxel as part of the first-line
treatment of EOC did not prolong PFS (median PFS 24.4 months with
standard dosing vs. 24.9 and 25.3 months in study arms) (Clamp et al.,
2017).

Multicenter Italian Trials in Ovarian cancer and gynecologic ma-
lignancies (MITO) group evaluated a chemotherapy regimen with
weekly carboplatin (AUC 2) plus weekly paclitaxel (60 mg/m?) for 18
weeks in comparison with carboplatin/paclitaxel every three weeks and
reported similar PFS of 18.3 months vs. 17.3 months, respectively
(Pignata et al., 2014).

The most important independent prognostic factor for OS is still the
achievement of no residual tumor after primary debulking surgery
(PDS) (Vergote et al., 2011). However, some patients will still have
bulky residual tumor after surgery, even if they have been treated in
specialised gynecologic oncology centers. Therefore, an alternative
strategy with neoadjuvant chemotherapy (NAC) followed by interval
debulking surgery has been taken into consideration in order to achieve
higher complete resection rates in patients with extensive stage Illc and
IV EOC. In 2010 the results of the EORTC trial 55971 were published,
reporting similar median OS (30 months in the NAC group vs. 29
months in the PDS group) and the median PFS of 12 months in both
groups (Vergote et al., 2010). These results were confirmed in the
CHORUS trial, published 5 years later (median OS of 24.1 months in
NAC group vs. 22.6 months in the PDS group) (Kehoe et al., 2015). In
fact, both trials showed that the NAC followed by interval debulking
surgery (IDS) was not inferior to PDS followed by chemotherapy in
patients with stage III or IV EOC. In addition, less complications and a
lower postoperative mortality was reported for NAC group in both
studies. Thus, this strategy can be a better alternative treatment in
patients with non-resectable disease but does not improve either the
PFS or OS. Two further studies on neoadjuvant treatment were pre-
sented at ASCO Annual Meeting 2018. JCOG-602 was a non-inferiority
trial with patients randomized to PDS arm (PDS followed by 8 cycles of
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paclitaxel and carboplatin) and NAC arm (4 cycles of paclitaxel and
carboplatin, IDS, 4 cycles of paclitaxel and carboplatin). Median PFS
was 15.1 months for PDS arm and 16.4 months for NAC arm, median
OS was 49.0 months in PDS arm and 44.3 months in NAC arm, so that
the non-inferiority of NAC could not be confirmed in this study (Onda
et al., 2018). SCORPION trial was a superiority, randomized phase III
trial. No significant difference was seen for PFS; median OS was 41
months in the PDS arm and not reached in the NAC arm (overall median
FU was 42 months). In terms of PFS, NAC was not superior to PDS in
this trial (Fagotti et al., 2018). However, median duration of surgery as
reported in the majority of these trials calls into question the quality of
surgical attempts to reach complete tumor resection. Therefore, AGO
Germany launched the ongoing TRUST Trial conducted in selected high
volume expert centers, aiming to determine the optimal timing of sur-
gery (primary- or interval debulking) within the therapeutic procedures
in patients with advanced ovarian cancer who in fact underwent high-
end surgical treatment (Mahner et al., 2017).

5. Late 2000s: the era of anti-angiogenic therapy

A necessary step of tumor proliferation and invasion is neoangio-
genesis. Vascular endothelial growth factor (VEGF) is the most im-
portant proangiogenic factor and an important promoter of progression
in EOC (Belotti et al., 2008). The role of bevacizumab in the front-line
and maintenance therapy of ovarian cancer was explored in two large
prospective randomized trials.

The GOG-218 trial was a double-blind 3-arm clinical trial with PFS
as primary endpoint. All patients enrolled in the study (stage III and IV
disease with residual macroscopic tumor after debulking surgery) re-
ceived standard chemotherapy with intravenous paclitaxel and carbo-
platin administered every 3 weeks for 6 cycles, and were randomized to
one of the following 3 arms: the control arm with intravenous placebo
in cycles 2 to 22; the bevacizumab-initiation arm with administration of
bevacizumab 15mg/kg every 3 weeks in cycles 2 to 6, followed by
placebo from cycles 7 to 22; and the bevacizumab-throughout arm with
administration of bevacizumab in cycles 2 to 6 and followed by a
maintenance therapy from cycles 7 to 22. The bevacizumab-throughout
arm had a significantly longer PFS than the control arm (14.1 vs. 10.3
months). No significant benefit was shown in the bevacizumab-initia-
tion arm compared with the control arm. However, the median OS was
similar in all arms: 40.6 vs. 38.7 vs. 43.8 months for the control arm,
the bevacizumab-initiation arm and the bevacizumab-throughout arm,
respectively (Burger et al., 2011, 2018).

The ICON-7 trial was a 2-arm trial and included patients with high
risk FIGO stage I (defined as grade 3 or clear cell histology) to stage IV
EOC. The control group received standard chemotherapy with pacli-
taxel and carboplatin administered every 3 weeks; and the experi-
mental group received the same chemotherapy regimen with bev-
acizumab 7.5 mg/kg every 3 weeks added from cycles 1 to 18. The
median PFS at 42 months was 22.4 months without bevacizumab versus
24.1 months with bevacizumab and there was no significant difference
in OS. However, the benefit was greater in patients at high risk for
progression (defined as FIGO stage IV or FIGO stage III and > 1.0 cm of
residual tumor after debulking surgery), with median PFS of 14.5
months without bevacizumab versus 18.1 months with bevacizumab.
The respective median OS was 28.8 months versus 36.6 months,
showing a significant benefit of bevacizumab therapy for patients at
high risk of progression (Perren et al., 2011).

Besides bevacizumab, other antiangiogenic agents were investigated
in the treatment of EOC. Pazopanib is an oral tyrosine kinase inhibitor
of VEGF receptors (VEGFR) -1, -2, and -3, platelet-derived growth factor
receptors (PDGFR) -a and - and c-KIT. Pazopanib was investigated as
maintenance therapy in AGO-OVAR-16 trial. This study included pa-
tients with FIGO stage II-IV EOC without progression after debulking
surgery and first-line platinum-taxane chemotherapy, randomized to
placebo or pazopanib arm for up to 24 months. The primary endpoint
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was the PFS, showing a statistically significant PFS improvement of 5.6
months (17.9 months vs. 12.3 months), but no benefit in OS (59.1 vs. 64
months) (du Bois et al., 2014; Vergote et al., 2018).

Nintedanib is a potent oral inhibitor of the VEGFR-1, -2 and -3, fi-
broblast growth factor receptors (FGFRs) and PDGFR-a and -f.
Nintedanib was investigated in the AGO-OVAR12 phase III trial, which
included patients with FIGO stage IIb-IV EOC after primary debulking
surgery or only biopsy. Patients were randomized to standard pacli-
taxel/carboplatin chemotherapy for 6 cycles with nintedanib or placebo
on days 2-21 of every cycle for up to 120 weeks. A significantly in-
creased PFS from 16.6. to 17.2 months was reported for nintedanib
arm. OS data have not been reported yet (du Bois et al., 2016).

Trebananib is a peptide that blocks binding of angiopoietin-1 and -2
to Tie2. The role of trebananib was explored in three TRINOVA studies.
However, in the phase III Trinova-3/ENGOT-ov2 trial trebananib plus
standard paclitaxel and carboplatin did not show significant survival
benefit. The reported OS was 46.6 in the trebananib group versus 43.7
in the control group (Vergote et al., 2016).

6. 2010s: PARP inhibitors

PARP inhibitors showed impressive survival benefits in recurrent
EOC (Mirza et al., 2016). Therefore, the role of PARP inhibitors in the
front-line maintenance therapy is highly interesting and has led to de-
velopment of SOLO-1, PAOLA-1, GOG-3005 and PRIMA trials. The re-
sults of the first trial, SOLO-1 were published recently. In this study,
patients with newly diagnosed advanced EOC and a BRCA1/2 mutation
who have responded to platinum-based chemotherapy were rando-
mized to receive maintenance therapy with olaparib or placebo for 2
years. A substantial PFS benefit was shown in the olaparib group, with a
70% lower risk of disease progression or death than in placebo group
(Moore et al. 2018). However, this study evaluated only patients with
BRCA1/2 mutation, who responded to prior platinum-based therapy. It
is interesting, if the excellent activity of PARP inhibitors beyond
BRCA1/2 mutation will be also confirmed in the front-line.

7. The present controversy: HIPEC

Another therapeutical approach to treat advanced ovarian cancer is
the addition of hyperthermic intraperitoneal chemotherapy (HIPEC) to
cytoreductive surgery. This procedure was developed to combine sur-
gical radicality with local delivery of chemotherapy and was adopted
from the general surgeons. The most cited study on HIPEC in EOC was a
phase III trial by Spiliotis et al., reporting OS improvement of 13.3
months in patients with recurrent EOC undergoing HIPEC (Spiliotis
et al., 2015). However, this trial has a lot of limitations regarding sta-
tistical analysis, randomization procedures and validity (Harter et al.,
2017).

For primary EOC, there are two phase III trials being reported re-
cently. Van Driel et al. investigated whether the addition of HIPEC to
IDS would improve outcomes in stage III EOC patients who were re-
ceiving NAC. The median PFS was 10.7 months in the surgery group
and 14.2 months in the surgery-plus-HIPEC group, the median overall
survival was 33.9 months in the surgery group and 45.7 months in the
surgery-plus-HIPEC group. These results show a rather uncommon PFS/
OS improvement ratio: 3.5 months PFS-benefit, resulting in 12 months
OS-benefit (van Driel et al., 2018). However, this study was addressing
only a small population of EOC-patients and is in contradiction with the
results from the multicenter randomized HIPEC-study by Lim et al,,
presented at ASCO Annual Meeting 2017 and which was negative for
both PFS and OS (Lim et al., 2017).

8. Hope for the future: immune checkpoint inhibitors

There is no more fast-moving field of clinical cancer research than
immunotherapy and especially treatment with immune checkpoint
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inhibitors. There are already promising results of anti-PD-1-antibodies
nivolumab and avelumab in recurrent EOC (Hamanishi et al., 2015;
Disis et al., 2016; Marth et al., 2019). The benefit of checkpoint in-
hibition in the front-line is currently being explored in IMagyn50
(maintenance with bevacizumab and atezolizumab) trial. However, this
approach does not seem to be a promising strategy in primary EOC,
since the first phase III trial on checkpoint inhibition in primary EOC,
JAVELIN Ovarian 100 (chemotherapy and maintenance with ave-
lumab), was closed prematurely, as data from interim analysis did not
support the study’s hypothesis. The very low mutational burden in EOC
precludes presentation of high levels of neo-antigens on cancer cells and
thus EOC has to be considered as an immunologically “cold” tumor,
supposing low single-agent activity of checkpoint inhibitors. As PARP
inhibitors enhance concentrations of free cytoplasmic DNA in cancer
cells which is leading to an immune sensing via STING (stimulator of
interferon genes) activation, treatment strategies combining immune
checkpoint- with PARP inhibitors suggest a strong synergy. Therefore,
trials exploring combinations between these two targeted therapies are
currently ahead of starting and may require collaborations between
pharmaceutical companies, as already seen in TOPACIO/Keynote-162
trial for recurrent EOC (Konstantinopoulos et al., 2018).

9. Conclusion

The combination of paclitaxel and carboplatin administered every
there weeks and combined with bevacizumab in patients at high risk of
progression with FIGO stage III or higher remains the standard of care
front-line therapy for EOC. However, there is no consensus on the
duration of the bevacizumab maintenance therapy.

Neither dose-dense, nor adding of a third chemotherapy agent or
i.p. administration could improve survival. Implementation of HIPEC or
the NAC approach were not superior to the standard chemotherapy.

In summary, for the last 30 years overall survival of EOC patients
remains unsatisfactory and we are still failing to cure this disease. At
the present time, initial studies are addressing patients with recurrent
disease, but the key aim should be finding better treatment strategies in
the front-line in order to increase the rate of cure. Further, we should
rethink “one-fits-all” standard in the treatment of EOC and need pre-
dictive markers to make personalized and targeted therapies as PARP
inhibitors and immune checkpoint inhibitors possible in the front-line.
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