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AB STR AC T
Epithelial ovarian cancer is the most common cause of death
from gynecological tumors. Most patients with advanced
ovarian cancer develop recurrence after concluding first-line
therapy, making further lines of therapy necessary. The choice
of therapy depends on various criteria such as tumor biology,
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the patientʼs general condition (ECOG), toxicity, previous chemotherapy, and response to chemotherapy. The platinumfree or treatment-free interval determines the potential response to repeat platinum-based therapy. If patients have late
recurrence, i.e. > 6 months after the end of the last platinumbased therapy (i.e., they were previously platinum-sensitive),
then they are usually considered suitable for another round of
a platinum-based combination therapy. Patients who are not
considered suitable for platinum-based chemotherapy are
treated with a platinum-free regimen such as weekly paclitaxel, pegylated liposomal doxorubicin (PLD), gemcitabine, or
topotecan. Treatment for the patient subgroup which is considered suitable for platinum-based therapy but cannot receive carboplatin due to uncontrollable hypersensitivity reactions may consist of trabectedin and PLD. While the use of
surgery to treat recurrence has long been a controversial issue, new findings from the DESKTOP III study of the AGO
working group have drawn attention to this issue again,
particularly for patients with a platinum-free interval of
> 6 months and a positive AGO score. Clinical studies have also
shown the efficacy of angiogenesis inhibitors such as bevacizumab and the PARP inhibitors olaparib, niraparib and rucaparib. These drugs have substantially changed current treatment practice and expanded the range of available therapies.
It is important to differentiate between purely maintenance
therapy after completing CTX, continuous maintenance therapy during CTX, and the therapeutic use of these substances.
The PARP inhibitors niraparib, olaparib and rucaparib have already been approved for use by the FDA and the EMA. The
presence of a BRCA mutation is a predictive factor for a better
response to PARP inhibitors.
ZU SAM ME N FA SS UN G
Das epitheliale Ovarialkarzinom ist die häufigste Todesursache
bei gynäkologischen Tumoren. Bei den meisten Patientinnen
mit fortgeschrittenem Ovarialkarzinom tritt ein Rezidiv nach
der Erstlinientherapie auf, sodass weitere Therapielinien erforderlich sind. Die Wahl der Therapie unterliegt verschiedenen
Kriterien wie Tumorbiologie, Allgemeinzustand der Patientin
(ECOG), Toxizität, vorherige Chemotherapie und das Ansprechen hierauf. Das sogenannte platinfreie bzw. therapiefreie
Intervall definiert hierbei das potenzielle erneute Ansprechen
auf eine platinhaltige Therapie. Haben die Patientinnen ein
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Spätrezidiv, d. h. > 6 Monate nach Ende der letzten Platintherapie (ehemals platinsensibel), so sind sie in der Regel geeignet für eine erneute platinhaltige Kombinationstherapie. Patientinnen, die nicht für eine platinhaltige Chemotherapie
(CTX) infrage kommen, werden mit einem platinfreien Regime behandelt wie z. B. Paclitaxel weekly, pegyliertes liposomales Doxorubicin (PLD), Gemcitabin oder Topotecan. Die
Patientinnengruppe, die für eine platinhaltige Therapie infrage kämen, aber z. B. aufgrund einer unkontrollierbaren Hypersensitivitätsreaktion kein Carboplatin mehr erhalten kann,
würde für eine Therapie aus Trabectedin und PLD infrage
kommen. Die Rezidivoperation wurde bisher kontrovers diskutiert, ist aber durch neue Erkenntnisse aus der DESKTOPIII-Studie der AGO-Studiengruppe wieder ins Licht des Interesses gerückt, insbesondere bei Patientinnen mit platinfreiem

Introduction
According to cancer statistics, epithelial ovarian cancer is the
most common cancer-related cause of death from gynecological
tumors in women and the fifth most common tumor [1].
Considerable progress has been made in recent years in treating recurrent ovarian cancer, both in terms of the available drug
therapies and surgical treatment.
Primary cancer mortality has decreased by 30 %. Mortality has
decreased from 10/100 000 to 6.7/100 000; in parallel, the incidence also decreased from 16/100 000 to 11/100 000. This largely
explains the reduction in mortality rates [1]. Around 70–80 % of
patients with FIGO stage III–IV disease develop recurrence within
5 years [2, 3].
Traditionally, the platinum-free interval (PFI) was used almost
exclusively to differentiate recurrent ovarian cancer into platinum-sensitive and platinum-resistant recurrence, with this differentiation used to make decisions about further drug treatment or
surgery. Patients who developed recurrence > 6 months after the
end of platinum-based chemotherapy were classified as platinumsensitive. Patients who initially responded to treatment but then
developed recurrence < 6 months after the end of platinum-based
chemotherapy were referred to as platinum-resistant. Platinumsensitive patients have a higher probability of responding to a
new platinum-based therapy [4]. However, platinum sensitivity is
a continuum without a strict time cut-off. This differentiation is
therefore currently considered to be outdated. The Ovarian Cancer Consensus Group of the Gynecologic Cancer Intergroup has
changed this definition for the first time and the ESMO-ESGO have
followed suit. According to the most recent consensus recommendations from the ESMO/ESGO 2019, the description of the
therapy-free interval should be based on whether the last therapy
was platinum-based, non-platinum-based or biological [2, 5, 6].
Moreover, the various treatment criteria need to be differentiated
and taken into account when deciding on further treatment. Such
criteria should include the tumor biology/histology, the number
of previous therapies, the response to previous therapies, persistent side effects of previous therapies, current symptoms and, of
course, the patientʼs own wishes [7].
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Intervall > 6 Monate und positivem AGO-Score. Zudem haben
Angiogeneseinhibitoren wie Bevacizumab und die PARP-Inhibitoren Olaparib, Niraparib und Rucaparib ihre Wirksamkeit in
der Rezidivsituation in klinischen Studien bewiesen. Diese Medikamente haben die aktuelle Behandlungspraxis nachhaltig
verändert und das Spektrum der Therapien erweitert. Dabei
muss zwischen einer reinen Erhaltungstherapie nach Beendigung der CTX, einer kontinuierlichen Erhaltungstherapie während der CTX und einem therapeutischen Einsatz dieser Substanzen unterschieden werden. Die PARP-Inhibitoren Niraparib, Olaparib und Rucaparib sind bereits von der FDA und der
EMA zugelassen. Eine vorliegende BRCA-Mutation stellt dabei
einen prädiktiven Faktor für ein besseres Ansprechen auf
PARP-Inhibitoren dar.

Following this paradigm change, patients are now categorized
into those for whom repeat platinum-based therapy would be
possible and those for whom platinum-based chemotherapy is
out of the question.
When evaluating the tumor biology, it is important to consider
the germline BRCA status and the tumorʼs BRCA status. Previous
treatment with bevacizumab or other previous maintenance therapies are also decisive criteria. It is also important to discuss which
patients are less likely to benefit from systemic therapy, e.g., patients with an extremely poor prognosis, patients with histological
subtypes such as clear-cell, mucinous, low-grade serous tumors,
and asymptomatic patients with rising CA 125 after initially responding to first-line therapy [8].
Surgery to treat ovarian cancer recurrence is an additional option under specific conditions. This possible option should be considered before starting systemic therapy (▶ Fig. 1). After many
years of controversy, the latest data from the DESKTOP III study
from ASCO 2020 show a significant benefit in terms of a longer
overall survival for a select group of patients [9].
This review presents and discusses the latest findings on the
treatment of recurrent ovarian cancer, particularly the option of
a second cytoreductive operation (recurrence surgery), the treatment of patients with platinum-resistance and platinum-sensitivity, the administration of PARP inhibitors or antiangiogenetic
agents, and new therapies.

Surgery for Recurrent Ovarian Cancer
Surgery to treat recurrent ovarian cancer has been controversially
discussed for many years. The discussion moved center stage
again by the results of the DESKTOP III study [9]. In principle, it is
important to differentiate between the two quite different aims
associated with recurrence surgery: palliation with the aim of controlling symptoms (e.g., to prevent mechanical ileus) and cytoreduction which aims to achieve macroscopic tumor clearance in order to prolong disease-free and overall survival.
The latter aim is discussed below.
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The DESKTOP study series was initiated by the AGO to systematically examine, for the first time, the effect of cytoreductive surgery for recurrent ovarian cancer on disease-free survival and
overall survival rates. The DESKTOP I and II studies showed that
only patients with macroscopically complete resection appeared
to benefit from this approach.
To be able to predict the success of macroscopic tumor resection, a score based on clinical factors, the so-called AGO score,
was used for the first time in the DESKTOP study series [10]. The
score is compiled from three criteria, and patients are classified as
AGO score positive or negative. A positive AGO score consists of
an Eastern Cooperative Oncology Group (ECOG) performance status of 0, ascites ≤ 500 ml, and patientʼs condition following complete resection after the first operation. The rate of macroscopically complete resections was 76 % in the prospective DESKTOP II
study [10] and 89.3 % in a further analysis by Harter et al. [11]. But
even women with a negative AGO score can have a complete resection with a good clinical outcome if they are treated in a gynecological center. A retrospective, single-center analysis by Muallem et al. [12] showed that of 127 women who had at least 1 negative AGO score criterion, it was still possible to achieve macroscopically complete resection in a second operation in 48.5 % of
them. Progression-free survival (PFS) was 22 months for the AGO
score-positive group compared to 21 months for the AGO scorenegative group.
A number of other different meta-analyses and three randomized controlled prospective studies, including the DESKTOP III
study, were carried out. A Cochrane analysis done in 2013 investigated cytoreductive surgery for epithelial ovarian cancer recurrence in nine non-randomized studies which included a total of
1194 women [13] and came to the conclusion that macroscopically complete resection is associated with better survival rates.
However, there are some reservations about this conclusion, as
randomized controlled studies are lacking and there is some bias
when retrospective studies are evaluated.
Three large randomized controlled phase III trials were then
launched to examine this issue further: the AGO DESKTOP III study
[9], the GOG 213 study [14] and the Dutch SOCceR study [15].
Unfortunately, the SOCceR study was discontinued because the
recruitment rate in the Netherlands was too low [16].
The data from the GOG 213 study [14] were presented at the
2018 ASCO. GOG 213 reported poorer results in terms of diseasefree survival and overall survival (PFS and OS) rates for women
who had secondary cytoreductive surgery to treat platinum-sensitive ovarian cancer recurrence followed by chemotherapy
(n = 240) compared to women who had no surgery and only received platinum-based combination chemotherapy with or without bevacizumab (n = 245). However, no structured score was
used in this study. The median progression-free survival rate was
18.2 months for the surgery arm and 16.5 months for the control
arm. Median overall survival was 53.6 months in the surgery
group vs. 65.7 months in the surgery-free control group (hazard
ratio [HR]: 0.88, 95 % CI: 0.7–1.11) [14].
Criticisms of the GOG 213 study were the long recruitment period, the high percentage of women from East Asia, and that 84 %
of women received bevacizumab as maintenance therapy compared to 20 % in the DESKTOP III study.
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1. Recurrent ovarian cancer (last platinumbased therapy > 6 months ago)
AGO score (ECOG 0, ascites ≤ 500 ml,
complete resection at initial surgery)
Positive

Negative

2. Cytoreductive surgery

Immediate platinum-based
combination chemotherapy

Followed by platinum-based
combination chemotherapy
Partial or complete response
to therapy
PARPi for maintenance

▶ Fig. 1 Treatment of ovarian cancer recurrence (therapy-free
interval > 6 months). PARPi: PARP inhibitors.

The final overall survival results for the DESKTOP III study of the
AGO were presented at the 2020 ASCO annual meeting. Women
whose first recurrence occurred > 6 months after their last platinum-based therapy and who had a positive AGO score were included in the study. 407 patients were randomized, 201 of whom
were not treated with surgery. 206 women were randomized to
the surgery arm, 187 of whom were ultimately treated with surgery. Complete resection was achieved in 75 % of patients. Analysis of the primary endpoints showed a median overall survival of
53.7 months with and 46.2 months without surgery (HR: 0.76,
95 % CI: 0.59–0.97, p = 0.03). The median progression-free survival was 18.4 and 14 months, respectively (HR: 0.66, 95 % CI: 0.54–
0.82, p < 0.001). Patients who underwent surgery and for whom
macroscopically complete resection could not be achieved had a
median survival of just 28.8 months. This study therefore confirms the findings of the DESKTOP series that the goal of recurrence surgery must be complete resection. If this can be achieved,
then patients will have a significant and clinically highly relevant
survival benefit.
Based on these recent results, surgery aiming at complete resection should become the new therapeutic standard in future
when treating the first recurrence of ovarian cancer in patient
subgroups with platinum-sensitive tumors and a positive AGO
score (ECOG 0, ascites ≤ 500 ml, complete resection in the first
operation).

Early (Formerly Platinum-resistant)
Recurrent Ovarian Cancer (PR‑ROC)
If patients with ovarian cancer recurrence during platinum-based
therapy or < 6 months after concluding such therapy show disease
progression, then they are generally no longer considered suitable
for further platinum-based therapy (formerly classified as having
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platinum-resistant or refractory disease). These patients typically
show poor response rates and shorter overall survival rates. It is
difficult to identify those women who will have a clear benefit
from palliative chemotherapy, as the “symptom benefit” study of
the Gynecologic Cancer Intergroup showed: 20 % of 570 patients
with platinum-resistant recurrent ovarian cancer (PR‑ROC), who
were previously classified as suitable for palliative chemotherapy,
stopped participating in the study within 8 weeks because of disease progression, death, or the patientʼs own wish. The median
PFS was 1.2 months and the median OS was 2.9 months [17]. Validated scores such as the modified Glasgow Prognostic Score [18]
can be used to estimate survival prognosis, and patients and their
families can be advised about the benefits of further therapy. The
benefit of higher line (> 3rd line) therapy is particularly questionable in cases with recurrence [19]. On the other hand, palliative
chemotherapy for PR‑ROC offers the benefit of symptom control
[20]. The most important goal of therapy should be maintaining
patientsʼ quality of life.
Combination chemotherapies are not viable for patients with
PR‑ROC looking for further therapy. The use of monochemotherapies has proved to be more effective [21]. Non-platinum-based
chemotherapies such as topotecan, gemcitabine, paclitaxel or
PLD may be considered [22 – 26]. A number of studies have reported that pegylated liposomal doxorubicin (PLD) has a PFS of
2.1–3.7 months with a 10–20 % objective response rate and a better safety profile and better efficacy compared to topotecan [25].
Retrospective studies have observed a better response in patients
with BRCA mutation [27].
Even if patients received paclitaxel as first-line therapy, a
weekly paclitaxel regimen is still an option and the regimen has
been shown to have an objective response rate of 20.9 % [23].
New data on patients with a moderate refractory response was
recently presented at the ESMO 2020. The INOVATYON trial compared carboplatin/PLD with trabectedin/PLD in patients who developed recurrence 6–12 months after their last platinum-based
therapy. No benefit was found for trabectedin/PLD, but the median overall survival time was similar (21.3 and 21.5 months, respectively), making trabectedin/PLD not the therapy of choice for
this patient cohort but nevertheless an option for patients with
platinum hypersensitivity [28].
Bevacizumab is another option for patients with PR‑ROC. Bevacizumab was evaluated in the AGO OVAR-2.15 study (AURELIA)
in patients, only 7 % of whom had previously received bevacizumab as first-line therapy. The patients were randomized to receive
either bevacizumab or placebo combined with paclitaxel, PLD or
topotecan [29].
The median PFS was 3.4 months for chemotherapy alone vs.
6.7 months with bevacizumab-based therapy (p ≤ 0.001). The
median OS was 13.3 vs. 14.6 months, with an HR of 0.85 (95 %
CI: 0.66–1.08, p < 0.174). The addition of bevacizumab thus significantly prolonged the PFS, although overall survival was not significantly longer. Bevacizumab has been approved for use in Europe and the USA for women who were not previously treated
with bevacizumab.
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Late (Formerly Platinum-sensitive)
Recurrent Ovarian Cancer (PS‑ROC)
Patients with recurrent ovarian cancer which developed after a
treatment-free interval of > 6 months are usually considered suitable for repeat platinum-based chemotherapy.
The longer the platinum-free interval, the better the extent of
response to secondary therapy [30]. Carboplatin/paclitaxel, carboplatin/gemcitabine and carboplatin/PLD are most common
regimens used in clinical practice, as they have been shown to be
superior to monotherapy with carboplatin. Of these combination
therapies, carboplatin/PLD has the more favorable side-effects
profile [2, 5].
One hypothesis proposed for the treatment of platinum-sensitive recurrence in patients who develop recurrence after 6–12
months is that the platinum-free interval could be prolonged with
a non-platinum-based therapy, which could increase the patientʼs
response to subsequent platinum-based therapy.
In the randomized phase III MITO 8 study [31], women received platinum-based chemotherapy followed by non-platinumbased therapy (standard arm) or vice versa (experimental arm). In
> 85 % of cases, the non-platinum-based therapy consisted of PLD.
There was no benefit with regard to overall survival and the median PFS was significantly shorter in the experimental arm (median 12.8 vs. 16.4 months; HR: 1.41, 95 % CI: 1.04–1.92,
p = 0.025). The authors therefore came to the conclusion that
starting platinum-based therapy should not be delayed under
any circumstances. The INOVATYON trial recently presented at
the 2020 ESMO did not show a benefit for the platinum-free combination of trabectedin/PLD in terms of improving the efficacy of
subsequent platinum-based combinations [32].
Trabectedin and PLD were evaluated in the phase III OVA-301
trial [33]. Platinum-sensitive patients received trabectedin/PLD or
PLD alone. The combination therapy had a significantly better
overall survival rate. The median OS was 23.0 vs. 17.1 months
(HR: 0.59, 95 % CI: 0.43–0.82, p = 0.015). This makes the combination of trabectedin/PLD currently the therapy of choice for patients who would potentially be platinum-sensitive but are not
able to receive any more platinum.

Angiogenesis Inhibitors
The introduction of antiangiogenic agents for continuous maintenance therapy, i.e., the addition of anti-angiogenesis to CTX and
more, has made a significant difference to systemic therapy for
PS‑ROC.
Angiogenesis is important for tumor cell growth, tumor cell
survival, and metastasis. Inhibition of angiogenesis works synergistically with other therapies, for example, by binding vascular
endothelial growth factor (VEGF). The most common undesirable
side effects of angiogenesis inhibitors are hypertension, proteinuria, bleeding, thromboembolic events, poor wound healing, and
gastrointestinal perforation.
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Bevacizumab
Bevacizumab is an anti-VEGF antibody and its use in the first and
second-line therapy of epithelial ovarian cancer is well established
[34, 35].
The approval for bevacizumab in Europe is based on the randomized controlled phase III trial OCEANS [36], which evaluated
bevacizumab or placebo combined with carboplatin/gemcitabine.
All of the patients were bevacizumab-naïve. The bevacizumab
arm achieved a significantly better PFS (12.4 vs. 8.4 months, HR:
0.485, p < 0.001) without improving overall survival (33.6 vs.
32.9 months, HR: 0.65, p = 0.65) [36].
It should be noted that > 30 % of the placebo patients received
bevacizumab as crossover at the time of progression and many of
the patients had already received further therapy at the time
when OS was evaluated, which may have affected OS rates.
The phase III GOG 213 study investigated carboplatin/paclitaxel ± bevacizumab to treat platinum-sensitive recurrent ovarian
cancer and the benefit of recurrence surgery. The study showed
a significantly longer PFS in the carboplatin/paclitaxel plus bevacizumab study arm (23.8 vs. 10.4 months, HR: 0.63, p < 0.0001). OS
analysis found no difference between the study arms (42.2 vs.
37.1 months, HR: 0.89, p = 0.056). A sensitivity analysis corrected
for the therapy-free interval showed a post hoc survival benefit for
the bevacizumab group (HR: 0.82, p = 0.045) [37].
But the currently preferred regimen (because it is superior to
carboplatin/gemcitabine and does not lead to alopecia) is carboplatin/PLD. These combination chemotherapies plus bevacizumab
were investigated in the AGO OVAR 2.21 study. It should be noted
that even the subgroup of patients who had already received firstline therapy with bevacizumab benefited [34]. In the study, PLD/
carboplatin plus bevacizumab was associated with a significantly
longer median PFS (13.3 vs. 11.7 months, HR: 0.8, 95 % CI: 0.68–
0.96, p = 0.0128) and, for the first time, also a longer median OS
(31.8 vs. 27.8; HR: 0.81, 95 % CI: 0.67–0.98, p = 0.032) compared
to carboplatin/gemcitabine plus bevacizumab [34].
The MITO 16B-MANGO OV2 phase III trial [38] was carried out
with ROC patients who had already received first-line therapy with
bevacizumab to establish whether re-induction of bevacizumab in
combination chemotherapy would be beneficial.
The initial results showed a significantly better median PFS (8.8
vs. 11.8 months, HR: 0.51, p < 0.0001) in the bevacizumab arm.
The data on overall survival are not yet mature. Both the patients
who developed recurrence during maintenance therapy with bevacizumab and those who developed recurrence after the end of
the therapy benefited from the re-induction of bevacizumab.

Poly(Adenosine Diphosphate-Ribose)
Polymerase (PARP) Inhibitors
PARP inhibitors (PARPi) are currently used in two different clinical
scenarios, either as monotherapy in higher therapy lines to treat
progressive disease or as maintenance therapy after the end of
chemotherapy. According to the current recommendations of
the ESMO-ESGO, for patients with ROC who respond to platinum-based therapy, the gold standard is PARPi maintenance therapy (olaparib, niraparib and rucaparib) (▶ Fig. 1), irrespective of
Claussen C et al. Treatment of Recurrent …

the patientʼs BRCA or homologous recombination deficiency
(HRD) status [5]. The use of antiangiogenic agents for continuous
maintenance therapy (i.e., when maintenance therapy is already
initiated during chemotherapy) is a further option for patients,
who should receive platinum-based therapy for ROC if they did
not already receive it as first-line therapy.
PARP inhibitors are primarily effective against cells with BRCA 1
or BRCA 2 deficiency.
About 15.5 % of all epithelial ovarian cancers have germline
BRCA 1 mutation, and 5.2 % have BRCA 2 mutation [39]. Homologous recombination deficiency (HRD) is assumed to be present in
50 % of high-grade serous ovarian cancers [40]. Homologous recombination is the most important repair mechanism for double-strand DNA breaks. Using the homologous DNA as a basis,
the repair restores the original DNA sequence. BRCA1 and BRCA2
genes, as well as additional genes, play an important role in this
process. Damage to the BRCA gene impairs this repair mechanism, and the cell has to resort to less effective and thus more error-prone repair pathways such as single-strand break repair or
non-homologous recombination. Poly(adenosine diphosphateribose) polymerase 1 (PARP1) plays an important role in these
“alternative” repair processes, particularly for base excision repair
in single-strand break repair. Understanding this led to the insight
that disorders of DNA repair and particularly of homologous recombination contribute to the development of different tumors
and conversely also offer therapeutic options [41, 42]. Since the
approval of olaparib combined with bevacizumab for patients
who respond to platinum-based first-line therapy, determining
the HRD of a tumor has become an integral part of the diagnostic
workup of ovarian cancer.
In the AGO TR-1 study, a BRCA-like profile was even detected in
58.1 % of tumor samples without a somatic or germline BRCA 1/2
mutation [43]. Patients with BRCA mutations are usually platinum-sensitive and have a longer overall survival [44, 45].
Nevertheless, it is still not clear which BRCA wild-type ovarian
cancer is most likely to respond to PARP inhibition.

Olaparib
The PARPi olaparib was first approved for use in Europe as maintenance therapy for patients with ROC and BRCA 1 or 2 mutation
who had shown a partial or complete response to platinum-based
chemotherapy.
Study 19, the first randomized, placebo-controlled, doubleblind phase II trial, was carried out in patients with platinum-sensitive ROC to evaluate the benefit of maintenance therapy with
olaparib [46]. The patients included in the study had to have
shown partial or complete response to their last platinum-based
chemotherapy. The study included patients with and patients
without BRCA mutation. The study focused on tumors which had
germline or somatic BRCA mutations. The median PFS was
3.6 months longer for the olaparib group than for the placebo
group (8.4 vs. 4.8 months, HR: 0.35, 95 % CI: 0.25–0.49,
p < 0.001). The overall survival rates showed a benefit for olaparib,
but it did not reach the predefined threshold for statistical significance (median OS: 29.8 vs. 27.8 months, HR: 0.73, 95 % CI: 0.55–
0.96, p = 0.025). This phase II trial was not sufficiently powered to
show a significant difference in overall survival [46].
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Olaparib tablets (300 mg 2 × daily) were used instead of capsules for the first time in the double-blind, randomized, placebocontrolled phase III AGO OVAR 2.23 (SOLO2) trial. Patients with
ROC who had shown partial or complete response to the last of
at least 2 platinum-based chemotherapies and who had a somatic
or germline BRCA mutation were included in the study. The median PFS was significantly longer for the olaparib arm than for
the placebo arm (19.1 vs. 5.5 months, HR: 0.30, 95 % CI: 0.22–
0.41, p < 0.0001) [47].
Interestingly, patients who showed a response stayed on olaparib therapy for much longer [46, 47]. This phenomenon has
been noted for all PARP inhibitors, and no biological prognostic
criteria have yet been found which would explain the long-term
response. The final data of the SOLO2 study were presented at
ASCO 2020. Median overall survival was 12.9 months longer with
olaparib therapy. However, this improvement was not significant.
This could be due to a crossover effect, as 38 % of patients in the
placebo arm later received PARPi therapy. A post hoc adjusted
analysis of patients without crossover showed a significantly longer OS [48].
The efficacy of monotherapies with PARPi was also first shown
for olaparib. The phase II trial showed high response rates despite
prior intensive therapy in patients with recurrent ovarian cancer
[49]. These data led to the FDA approval of olaparib monotherapy
for 4th line and higher therapies.
A current phase III trial (SOLO3) is also investigating the efficacy of olaparib as a monotherapy for patients with germline
BRCA mutations. Patients with platinum-sensitive ROC who received at least 2 platinum-based therapies were compared with
patients receiving non-platinum-based chemotherapy (pegylated
liposomal doxorubicin, paclitaxel, gemcitabine, or topotecan). Primary endpoint was the objective response rate, which was significantly higher in the olaparib group (72.2 vs. 51.4 %, odds ratio:
2.53 [95 % CI: 1.40–4.58], p = 0.002). The median PFS was 13.4
vs. 9.2 months in favor of the olaparib arm (HR: 0.62 [95 % CI:
0.43–0.91], p = 0.013) [50].

Niraparib
In contrast to other PARP inhibitors, cytochrome P450 enzymes
and P-glycoprotein (P‑gp) are inhibited by niraparib, which could
lead to fewer drug interactions. In Europe, based on data from the
phase III AGO OVAR 2.22 trial (NOVA) [51], niraparib was approved for use in patients with ROC who showed partial or complete response to the last platinum-based therapy, irrespective of
their BRCA or HRD status. Patients who received 300 mg/d niraparib had a longer progression-free survival compared to patients
in the control arm, irrespective of whether they had a BRCA mutation or not, although the BRCA-mutated group had a longer PFS
(BRCA-mutated: 21.0 vs. 5.5 months, HR: 0.27, 95 % CI: 0.17–
0.41; non-BRCA-mutated: 12.9 vs. 3.8 months, HR: 0.38, 95 % CI:
0.34–0.61, p < 0.001) [51].
In the non-mutated patient cohort, an attempt was made,
based on HRD status determined with Myriadʼs myChoice HRD™
test, to identify a potential subgroup which would benefit from
niraparib. It was found, however, that both patients with positive
and patients with negative HRD test results benefited from using
niraparib. An overall survival benefit has not yet been shown.
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Going forward, monotherapy with niraparib was tested in the
phase II QUADRA study. The study examined the efficacy of niraparib in platinum-sensitive women with BRCA-positive or HRDpositive tumors. All patients had had several previous therapies,
with patients enrolled in the study having had a median of 4 previous therapies. 27.7 % of patients (13 out of 47) achieved a tumor
response according to RECIST (95 % CI: 15.6–42.6; p = 0.00053)
[52]. Based on these good response rates, niraparib was approved
for use as a 4th line or higher therapy by the FDA in October 2019
to treat HRD-positive patients. This was defined based on BRCA
mutation or genomic instability and disease progression
> 6 months after the last platinum-based therapy. Myriadʼs myChoice HRD test was used in this study to determine homologous
recombination deficiency.

Rucaparib
Rucaparib is another PARPi currently being investigated. It is approved for use in Europe for 2 indications: as a monotherapy for
BRCA-mutated patients who have received two or more therapy
lines and cannot tolerate further platinum-based therapy, and as
maintenance therapy after platinum response, irrespective of the
patientʼs BRCA or HRD status.
The ARIEL2 trial evaluated monotherapy with rucaparib. An
overall response rate of 54 % was achieved and a median response
rate of 9.2 months. Patients were divided into 3 groups: a (germline or somatic) BRCA-positive group, a BRCA wild-type with high
loss of heterozygosity (LOH) group, and a BRCA wild-type with low
LOH group. The median progression-free survival was 12.8
months for BRCA-mutated patients, and 5.7 and 5.2 months, respectively, for the high LOH and low LOH groups [53]. A pooled
analysis of the ARIEL2 trial and Study 10 showed high rates of response, particularly among patients with BRCA mutation and late
recurrence, leading to the approval of rucaparib as a monotherapy
as a 3rd line or higher therapy for the above-described group of
patients with BRCA mutations [54].
The randomized, double-blind, placebo-controlled ARIEL3
study was carried out in patients with platinum-sensitive ROC,
who had already received 2 platinum-based chemotherapies and
showed partial or complete response to the last platinum-based
chemotherapy. The patients received 600 mg 2 × daily rucaparib
or placebo, stratified according to HRD status. Patients were divided into three cohorts: a (germline or somatic) BRCA-positive
group, an HRD-positive group, and an intention-to-treat group
(all patients).
The PFS of patients with BRCA mutation who received rucaparib was 16.6 months (95 % CI: 13.4–22.9) compared to 6.4 months
(95 % CI: 3.4–6.7) for the placebo group (HR: 0.23, 95 % CI: 0.16–
0.34, p < 0.0001). The median PFS of patients who were HRD-positive was 13.6 vs. 5.4 months (HR: 0.32, 95 % CI: 0.24–0.42,
p < 0.0001). The PFS for the ITT cohort was 10.8 vs. 5.4 months
(p < 0.0001) in the rucaparib group and the placebo group, respectively [55]. The ARIEL3 trial therefore confirmed the efficacy
of rucaparib, irrespective of patientsʼ HRD or BRCA status.
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Outlook for PARP Inhibition
There are currently no data from investigations into whether repeat PARP inhibition is beneficial if first-line treatment already
consisted of PARP inhibition.
The AGO OVAR-2.31 (OReO) study is currently being carried
out to investigate this issue. This study is a randomized controlled
phase III trial which evaluates olaparib maintenance therapy vs.
placebo in patients who have already received PARP inhibitors for
maintenance therapy and show partial or complete response to
their current platinum-based chemotherapy.
The search is on for further predictive markers for therapy response, for the reasons behind PARP inhibitor resistance, and for
answers to the question whether the efficacy of PARP inhibitors
could be enhanced, for example, by combining them with antiangiogenetic agents or immunotherapy.

Other Therapies for Recurrent Ovarian Cancer
Hormone therapy
Hormone therapies with tamoxifen, aromatase inhibitors (letrozole and anastrozole), leuprolide acetate or megestrol acetate
are possible options for patients who are unable to tolerate further cytotoxic chemotherapy or who no longer respond to chemotherapy [56 – 61].

MEK inhibitor (trametinib) for low-grade
serous recurrent ovarian cancer
The MEK inhibitor trametinib is a highly selective inhibitor of
MEK 1 and 2 kinase activity. MEK proteins are involved in the extracellular signal-regulated kinase (ERK) signaling pathway. In
melanoma, for example, this signaling pathway is often activated
by mutated BRAF forms.
Trametinib was investigated for low-grade serous recurrent
ovarian cancer. At the ESMO 2019, Gershenson et al. presented
data from a phase II/III trial of 260 patients who received either
trametinib or letrozole/tamoxifen. The median progression-free
survival was significantly longer in the trametinib group (median
PFS: 13.0 vs. 7.2 months, HR: 0.48, 95 % CI: 2.39–12.21,
p < 0.0001). Overall survival was better with trametinib (37
months, 95 % CI: 30.3–NR) compared with the control arm (29.2
months, CI: 23.5–51.6) [62]. It should be noted in this context,
however, that while letrozole and tamoxifen showed some efficacy, they are not standard therapeutic drugs for low-grade serous recurrent ovarian cancer [63].

Immunotherapy
Immunotherapy was recently found not to offer any benefits to
patients in terms of longer PFS and OS in a primary setting, based
on the data of the IMagynp050/GOG 3015/ENGOT-OV39 phase III
trial presented at the ESMO 2020 Virtual Congress [64].
The role of immunotherapy in the recurrent setting has not yet
been conclusively resolved.
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The FDA has approved the use of pembrolizumab to treat solid
tumors with high microsatellite instability (MSI‑H) or DNA mismatch repair deficiency (dMMR) which progress despite prior
therapy and for which no further treatment options are available.
Because of the tumor agnostic approval by the FDA, the anti-PD1
antibody pembrolizumab may also be a possible alternative to
treat ROC [65].
Pembrolizumab was investigated in 149 patients with 15 different types of cancer and MSI‑H or dMMR solid tumors. 39.6 %
of patients showed complete or partial response. The length of response to therapy was 6 months or more in 78 % of patients [66].
Patients with ROC were not included in the five KEYNOTE studies.
Whether the FDA will extend its approval will depend on the
findings of further studies.
The phase III JAVELIN 200 study investigated the use of avelumab in the treatment of ROC (n = 566). Patients received either
avelumab monotherapy or avelumab combined with PLD vs. PLD
alone in patients with PR‑ROC. Avelumab monotherapy did not
lead to any improvement in progression-free survival or overall
survival, and the objective response rates were low (3.7 % for avelumab monotherapy, 13.3 % for avelumab + PLD and 4.2 % for
PLD). The study thus failed to meet its primary endpoints.
The PDL1-positive patients who had longer disease-free survival and overall survival rates were evaluated retrospectively.
More studies are required to determine the value of immunotherapy in the treatment of PR‑ROC [67, 68]. Numerous studies
are currently underway, such as the AGO 2.29 study which is evaluating atezolizumab in combination with bevacizumab and chemotherapy vs. bevacizumab and chemotherapy to treat recurrent
ovarian cancer, and is studying the benefit and safety of immunotherapy to treat ovarian cancer in different therapy lines.

Conclusion
In summary, the treatment of recurrent epithelial ovarian cancer
has changed considerably in recent years. Surgery to treat recurrence has become the new standard approach for patients with a
positive AGO score, as it was found to result in a significant survival benefit. The addition of anti-VEGF and PARPi therapies could extend progression-free survival rates. There are currently no studies which have compared these new therapies with one another or
determined the best sequence of these new therapies. New randomized controlled studies are required. At present, PARP inhibition is considered the gold standard, irrespective of the patientʼs
BRCA or HRD status, after the patient has responded to platinumbased chemotherapy.
The outlook for future therapy options, even to treat platinumresistant ROC, may consist of immunotherapy, possibly in combination with PARPi and anti-angiogenesis, as this would target both
tumor cells and tumor stroma. The treatment of ovarian cancer
will become increasingly individualized as it focuses on tumor
biology (tumor agnostic approach) with the goal of improving patientsʼ overall survival.
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