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Abstract

With the development of poly(ADP-ribose) polymerase inhibitors, the treatment of advanced ovarian cancer is changing
dramatically. The purpose of this narrative review is to provide a direction for the individualization of advanced ovarian
cancer treatment based on the mechanism of action of molecularly targeted drugs currently used in Japan. The PAOLA-1
study showed very good progression-free survival in patients with homologous recombination deficiency tumors who
underwent complete surgery with primary debulking surgery and who received olaparib plus bevacizumab. Niraparib has
high intratumor penetration, and in a subgroup analysis of the PRIMA study, it was most effective in patients with residual
tumors after interval debulking surgery. These data suggest the importance of achieving complete surgery and aiming for
cure in the treatment of ovarian cancer and how the use of bevacizumab, olaparib, and niraparib should be individualized.
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Introduction

Advanced ovarian cancer has long been regarded as a fatal
disease. In recent years, however, development of therapies
for advanced ovarian cancer, including Poly(ADP-ribose)
polymerase (PARP) inhibitors, such as olaparib (Ola) and
niraparib (Nira), has progressed to the point at which a com-
plete cure is now possible in a significant number of patients.
In Japan, these two PARP inhibitors have been approved by
healthcare insurance. However, many gynecological oncol-
ogists seem to be confused about how to choose between
Ola, Nira, and bevacizumab (Bev) in advanced ovarian
cancer. Essentially, to decide which treatment is superior
in a scientifically sound manner, it is necessary to conduct
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head-to-head Phase III clinical trials led by researchers who
are independent of the pharmaceutical industry with the pri-
mary endpoint set as a comparison of different drugs. For
example, in the development of a treatment for coronavi-
rus 2019 (COVID-19), the World Health Organization took
the lead and conducted such a trial [1]. However, deciding
whether Ola or Nira is better for ovarian cancer is not an
urgent public health issue, and it is not realistic to expect
public institutions to provide large amounts of funding to
set up phase III clinical trials for this purpose. The decision
of gynecological oncologists to stop thinking about whether
to use Ola, Nira, or Bev because of the lack of scientifically
sound data does not lead to patient-centered medicine. To
provide patient-centered care, gynecological oncologists
need to understand as much as possible about data concern-
ing Ora, Nira, and Beyv, including mechanisms of action and
subgroup analysis of clinical trials. This paper is written as
a narrative review because systematic reviews and meta-
analyses are difficult to conduct when attempting to examine
data from various angles in a situation in which insufficient
evidence is found. This paper mainly discusses PARP inhibi-
tors and surgery in primary treatment, and Bev is reviewed
in detail in another paper [2].

The detection of germline or somatic BRCA 1/2 mutations
(gBRCA1/2 or sBRCA1/2 mutations) and DNA homologous
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recombination deficiency (HRD) is important for selecting
patients who will benefit from PARP inhibitor therapy. The
BRACAnalysis® diagnostic system tests for the presence
of gBRCA1/2 mutations while the myChoice® diagnostic
system tests for the presence of tumor BRCA 1/2 mutations
(tBRCA1/2 mutations; gBRCA /2 mutations +sBRCA1/2
mutations) or HRD score (genomic instability score;
GIS) >42. These tests have already been approved by the
Japanese healthcare insurance.

Biological properties and drug sensitivity of ovarian
cancer vary greatly depending on the histological type, and
treatment strategies also differ. The most common histologi-
cal type of ovarian cancer is high-grade serous carcinoma
(HGSC), and the most advanced stage ITII/IV ovarian cancer
is HGSC. Therefore, this paper will focus on HGSC unless
otherwise stated.

Insurance approval of molecularly targeted
drugs for the first-line treatment of ovarian
cancer in Japan

In Japan, molecularly targeted drugs have been approved
for the first-line treatment of The International Federation
of Gynecology and Obstetrics (FIGO) stage III-1V ovarian
cancer as follows:

e In 2013, paclitaxel and carboplatin (TC) chemotherapy
with Bev in combination and maintenance therapy was
approved.

e In 2018, maintenance therapy with Ola was approved
for patients who have tumors with germline or somatic
BRCA mutations and have had a response to platinum-
based chemotherapy.

¢ In 2020, maintenance therapy with Nira was approved for
patients who have responded to platinum-based chemo-
therapy with or without BRCA mutations or HRD.

e In 2021, maintenance therapy with Ola and Bev was
approved for patients with tumors that have HRD and
have responded to platinum-based chemotherapy with
Bev.

PARP inhibitors; Olaparib (Ola)
and Niraparib (Nira)

Comparison of Ola and Nira in terms of mechanisms
of action

Originally, the mechanism of action of PARP inhibitors
was explained by the concept of “synthetic lethality”. In
other words, PARP plays an important role in single-strand
break repair, and PARP inhibitors cause an inhibition of
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single-stranded DNA break repair, resulting in double-
stranded DNA breaks, which are repaired by the HRR path-
way. However, in HRD tumor cells, which cannot repair
double-stranded DNA breaks via the HRR pathway, the
non-homologous end joining pathway is used, resulting in
the accumulation of genetic mutations and cell death [3].
Although this finding may be true, it is difficult to explain
the phenomenon of cell death at 2448 h after the addition
of PARP inhibitors in vitro as being based on the accumula-
tion of genetic mutations. Later, it was reported that PARP
trapping, in which PARP is attached to DNA, is the main
mechanism of cytotoxicity induced by PARP inhibitors [4].
Since the HRR pathway is mainly used to repair DNA dam-
age caused by PARP trapping, PARP inhibitors cause cell
death in HRD cells. However, even in HR proficient (HRp)
cells with preserved HRR capacity, continuous exposure of
highly proliferative cells to high concentrations of PARP
inhibitors results in cell death due to the lack of capability to
repair DNA damage caused by PARP trapping [37].

The in vitro cytotoxicity potential of Ola and Nira varies
among reports but does not seem to be significantly different.
In the first paper comparing their PARP trapping capability,
Nira was found to have a slightly stronger PARP trapping
capability [4], but in a later report, data showed that Ola had
a stronger PARP trapping capability [5]. In addition, PARP
trapping is caused by allosteric changes in the structure of
PARP, and from this point of view, Nira has a molecular
structure that is more likely to dissociate PARP from DNA
than Ola [6]. The differences in the strength of cytotoxicity
and PARP trapping between Ola and Nira in different reports
may be due to differences in the cells and experimental sys-
tems used, and these differences cannot explain the differ-
ences in the efficacy of Ola and Nira in clinical trials.

The major difference between Ola and Nira is the in vivo
distribution of the drug. The steady-state plasma concentra-
tions of PARP inhibitors in humans show that Ola fluctu-
ates between 3 and 8 pg/mL every 12 h at a dose of 300 mg
bid [7], while Nira fluctuates between 0.6 and 0.8 pg/mL
every 24 h at a dose of 200 mg qd [8] as shown in Fig. 1.
Thus, compared to Ola, Nira is immediately transferred from
plasma into tissues, resulting in lower plasma concentrations
and less fluctuations. In the immunodeficient mouse model
in which tumor cells were inoculated, the concentration of
Nira in the tumor tissue was shown to be higher than that in
the plasma, whereas the concentration of Ola in the plasma
was higher than that in the tumor tissue [9] as shown in
Table 1. In this mouse model, Nira was also detected in the
bone marrow, whereas Ola was not detected in the bone
marrow.

The ABCBI gene encodes an active transport protein
called MDR1 or P-glycoprotein, which is physiologically
expressed in the brain, placenta, and testis and prevents
accumulation of toxins. The SLC25A-ABCB]I fusion gene
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® Day 15 300mg x 2/day (n=6)
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A Day 21 200mg x 1/day (n=3)
® Day 1 300mg x 1/day (n=6)
O Day 1 200mg x 1/day (n=3)

24 hours

Fig. 1 Ola and Nira concentrations in plasma. Modified from drug interview from [7, 8]. Permission to use these figures was obtained from

AstraZeneca and Takeda Pharmaceutical

Table1 Tumors of MDA-MB-436 (breast cancer cell line) or
OVC134 (ovarian cancer cell line) were formed in immunodeficient
mice, and Ola or Nira was administered to examine the tissue distri-
bution area under the curve (AUC , in pg/ml-h)

Cell line Drug Serum Tumor Brain Bone marrow
MDA-MB-436  Ola 1 0.7 0.03 Not detected
Nira 1 33 029  0.04
OVC134 Ola 1 0.6 0.03 No data
Nira 1 33 0.33 No data

The ratios are shown when the value in plasma is 1 [9]

is found in about 10% of chemo-resistant recurrent ovarian
cancers, and tumors carrying the fusion gene express high

levels of ABCBI1 [10]. ABCBI expression in cancer cells
results in resistance to its substrates, taxanes, doxorubicin,
and etoposide [11]. In addition, among PARP inhibitors, Ola
and rucaparib are susceptible to high ABCB1 expression,
while veliparib is not affected [12]. Although Nira is also
a substrate of ABCBI, it is relatively less affected by high
ABCBI1 expression than Ola due to its higher penetration
into tumor cells. In fact, Nira can cross the blood—brain bar-
rier in which ABCBI is highly expressed, and Nira has been
reported to respond to brain metastasis of BRCA-mutant
tumors [13, 14].

Because Ola has a high concentration in plasma, while its
intratumor concentration is lower than that in plasma, Ola is
more effective when it does not form a tumor mass. Because
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the blood and intratumor concentrations of Ola fluctuate, the
therapeutic range is not achieved for HRp tumor cells for a
long period of time, making it difficult to achieve an effect
on HRp tumor cells. However, Ola has very low distribution
in the bone marrow, so myelosuppression is mild even in
the therapeutic range. On the other hand, Nira is effective
even in the presence of a tumor mass, and because of its
low concentration variation, it is thought to take a long time
to reach the therapeutic range even for HRp tumor cells.
In the NOVA study, which examined the effect of Nira as
maintenance therapy for platinum-sensitive relapse, the HR
for gBRCA wild-type tumors was 0.58 in patients who had
complete responses (CR) on prior therapy compared with
0.35 in patients who had partial responses (PR) [15]. This
data reflects the good tissue penetration of Nira. However,
at the doses at which Nira exerts its antitumor effect, myelo-
suppression is more severe.

Ola at first line treatment; SOLO1 and PAOLA-1
studies

In the SOLOL1 study, patients with BRCA 1/2 mutations were
treated with maintenance Ola for 2 years without Bev. In
the long-term follow-up data, the 5-year progression-free
survival (PFS) was 56% in the group who underwent com-
plete surgery (RO) by primary debulking surgery (PDS) and

BRCAm (n=237)
No Surgery
IDS R1

Surgical PDS RO

outcome

PDS R1

Response to
Chemotherapy

BRCAwt, HRD (n=150)

No Surgery
IDSR1

PDS R1

42% in the high-risk group other than PDS RO [16]. Thus,
although the survival rate is better with PDS RO, high-risk
patients may still be able to survive, and the data under-
scores the importance of PARP inhibitors in BRCA-mutated
cases. In the SOLOI1 study, the HR was 0.33 for patients
with no residual tumor at surgery (PDS RO+ interval debulk-
ing surgery (IDS) RO) and 0.44 for patients with residual
tumor at surgery, and patients with no residual tumor at sur-
gery responded better to Ola [17].

In the PAOLA-1 study, TC +Bev (Bev combination and
maintenance) regimen was combined with Ola or placebo
maintenance. Since Ola maintenance was ineffective in HRp
patients [18], Ola maintenance combined with Bev was
approved only in HRD-positive patients. Comparing single
nucleotide polymorphism (SNP) array data of HGSC tumors
before and after chemotherapy, we found that the GIS of
the tumors decreased after chemotherapy [19]. Therefore,
if IDS specimens after neoadjuvant chemotherapy (NAC)
are submitted to the myChoice® test, it is likely that tumor
BRCA mutations can be detected, but HRD-positive cases
by GIS will be harder to detect.

Regarding with the patient backgrounds in the PAOLA-1
study (Fig. 2), surgical outcomes showed that PDS RO was
more common in BRCA-mutant and BRCA wild-type HRD-
positive patients, and no surgery was more common in HRp
patients. In terms of chemotherapy sensitivity, PR was

HRp (n=419)

No Surgery

IDS Rl' PDS RO

PDS R1

€

PDS RO

Response to chemotherapy and ® E NED 0.53 (040-0'70)
hazard ratio by Ola (Overall S ! CR 0.44 (0.29-0.66)
population) —e— PR 0.86 (0.63-1.19)

Fig. 2 Patient background of PAOLA-1 study [18]. BRCAm; BRCA mutation, BRCAwt; BRCA wild type
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slightly more common in HRp patients. Patients with PDS
RO or IDS RO who did not become negative for CA125 after
chemotherapy were included in PR. In the overall popula-
tion, the HRs were 0.53 for no evidence of disease (NED),
0.44 for CR, and 0.86 for PR, indicating a clear difference
in treatment effect before the start of Ola. This finding may
be not only because of the slightly higher PR in HRp but
also because of the poor drug penetration of Ola into the
tumor mass.

In terms of differences between BRCA1 and BRCA2 muta-
tions, in the SOLO1 study, comparing Ola versus placebo,
the 3-year PFS for the BRCA I mutation group was found to
be 55% versus 30% with an HR of 0.41 while the 3-year PFS
for the BRCA2 mutation group was 85% versus 30% with
an HR of 0.20; thus, the effects of Ola were higher in the
BRCA2 mutations [17]. In the PAOLA-1 study, when com-
paring Ola+ Bev versus placebo + Bev, the BRCA I mutation
group had a 3-year PFS of 65 versus 30% with an HR of
0.29, and the BRCA2 mutation group had a 3-year PFS of 85
versus 40% with an HR of 0.23, with slightly better results
in the BRCA2 mutation group [20].

In the PAOLA-1 study, a subgroup analysis was per-
formed in which patients were divided into a PDS RO group
and a non-PDS RO group (high-risk group). In high-risk
cases, the HRs for BRCA mutation and HRD (BRCA muta-
tion + BRCA wild-type and GIS >42) with Ola were 0.37
and 0.39, respectively, whereas in PDS RO, the HRs for
BRCA mutation and HRD were 0.11 and 0.15, respectively
[21]. PFS2 in HRD cases also showed a large difference in
the effect of Ola between the two groups with HR 0.66 in
the high-risk group but HR 0.21 in the PDS RO group [22].

Nira as first line treatment; PRIMA study

In the PRIMA study, PDS RO was excluded, and only cases
with responses to prior chemotherapy were enrolled to eval-
uate the effect of maintenance therapy with Nira compared
to placebo. The risk of progression was HR 0.40 for BRCA
-mutated cases, HR 0.50 for BRCA wild type and HRD posi-
tive, and HR 0.68 for HRp, all of which showed a significant
effect of Nira treatment [23]. In a subgroup analysis, the
association between surgical outcome and the effect of Nira
was HR 0.41 for IDS R1 compared to HR 0.58 for PDS R1
and HR 0.65 for IDS RO [24]. Thus, it is surprising that
a subgroup with a HR of 0.41 was found when the selec-
tion is based on clinical information and not on HRD sta-
tus. Although the PRIMA study was originally designed to
evaluate the efficacy of Nira by enrolling patients with HRD
using response to chemotherapy as a clinical biomarker, the
highest efficacy was observed in patients with IDS R1 who
were considered to respond poorly to chemotherapy. This
result was unexpected.

In the PRIMA study, the HRs were 0.39 for BRCAI muta-
tions and 0.35 for BRCA2 mutations [25]. Thus, unlike Ola,
there is not much difference between BRCAI and BRCA2
mutations in first-line treatment. In the VELIA trial, veli-
parib was associated with HRs of 0.38 and 0.64 for BRCAI
and BRCA?2 mutations, respectively, with the opposite trend
[26]. The reason for this difference between PARP inhibitor
types is currently unknown.

In the NOVA study of Nira maintenance therapy for
platinum-sensitive recurrent ovarian cancer, when Nira was
started at 300 mg/day, only about 50% of patients could be
maintained at 300 mg/day after the second month and about
20% after the fifth month [27]. Subsequently, Nira clini-
cal trials were conducted with individualized starting doses
of 300 mg/day for patients with body weight >77 kg and
platelet count > 150,000/pl, and 200 mg/day for patients with
body weight <77 kg or platelet count < 150,000/pl. In the
PRIMA study, the dose was switched from a fixed starting
dose (Nira; n=315, placebo; n=169) to an individualized
starting dose (Nira; n=158, placebo; n=86). At the fixed
starting dose, the dose was reduced in 74.8% of patients with
75.9% of Grade 3 or higher adverse events, including 48.3%
related to thrombocytopenia, and HR 0.59 for effect. At the
individualized starting dose, the dose was reduced in 65.7%
of patients, and adverse events improved to 60.4% of Grade
3 or higher adverse events, including 21.3% related to throm-
bocytopenia, but the effect was somewhat inferior at HR
0.69 [28]. In Japan, niraparib-2001 and niraparib-2002 stud-
ies were conducted with a fixed starting dose for platinum-
sensitive relapse cases [29, 30], however, insurance approval
was granted for individualized starting doses including first-
line maintenance therapy.

Comparison of clinical trial data of Ola, Nira,
and Bev by disease status

Comparison of Ola and Ola + Bev in BRCA mutation
positive cases

In the high-risk group other than PDS RO, the 1-year PFS of
the Ola+ Bev arm of the PAOLA-1 study in BRCA mutation-
positive patients was more than 90% while the 2-year PFS
was about 68% [21]. In the Ola arm of the SOLO1 study,
the 1-year PFS was about 85%, but the 2-year PFS was also
about 68% [16]. Thus, the PAOLA-1 study also seems to
show the same phenomenon as described above in which the
PFES of Bev-treated patients drops off after about 15 months
(within 1 year after the start of maintenance therapy) and
the effect of Bev is lost by 2 years. On the other hand, if we
look at PDS RO patients with BRCA mutations, the 2-year
PFS of Ola+Bev is 96% [21], and the 2-year PFS of Ola is
80% [16], more than 1 year after the end of Bev treatment.
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Therefore, we do not see a drop in PFS after stopping Bev
and a loss of Bev effect at 2 years. This is a direct com-
parison of data from different clinical trials and is also a
comparison between subgroups, so it is not a scientifically
valid data analysis. However, gynecological oncologists,
who must continue to treat their current patients based on
existing data, must keep this data in mind until new evidence
becomes available. The 2-year PFS of 96% is impressive and
suggests that a cure can be expected, and for gynecological
oncologists, the current PDS RO data from the PAOLA-1
study will motivate them to strive to achieve PDS RO.

Bev is essentially a cytostatic drug that postpones exac-
erbation events, but it does not have a cytotoxic effect
and is not a drug that increases cure rates [2]. However,
the results of PDS RO in the PAOLA-1 study indicate that
Bev may lead to enhancement of the cytotoxic effects of
Ola. This enhancement may occur because Bev causes an
increase in the penetration of Ola by preventing the forma-
tion of subclinical tumor masses. In addition, basic research
has shown that hypoxia in tumors caused by angiogenesis
inhibitors induces HRD [31, 32]. This finding might be the
reason for the efficacy of Bev combined with Ola although
in the PAOLA-1 study, Ola had no effect in HRp tumors,
i.e. tumors with preserved DNA homologous recombina-
tion repair capacity. Even though the tumor mass has the
characteristics of HRD, heterogeneity of “BRCAness” in
individual tumor cells may exist, and hypoxia induced by
Bev may have directed all tumor cells toward HRD, leading
to enhancement of the effect of Ola. These ideas are only
speculations based on the results of clinical trials and will
be clarified by basic research in the future.

Comparison of Ola and Nira in BRCA mutation
positive and high-risk group

For BRCA mutation positive high-risk cases other than PDS
RO, the HR values for risk of progression were 0.34 for the
SOLOI study and 0.40 for the PRIMA study, so no clini-
cally perceptible difference in the efficacy of Ola and Nira
for BRCA mutated patients was indicated. At this point,
there is one clear advantage of Ola over Nira, and that is
its long term follow-up data, as it is a first-in-class prod-
uct. Ola is generally terminated after 2 years, and many of
the patients who have been relapse-free for 5 years may be
cured. Data that indicate that the 5-year PFS was 42% in the
high-risk group other than PDS RO [16] would be attrac-
tive to physicians and patients. Therefore, in the absence
of long-term follow-up data from the PRIMA study, Ola
should be the first choice. In the future, Nira may be used
instead of Ola when high expression of ABCBI in the tumor
is demonstrated.

When HGSC is diagnosed by cell block due to massive
ascites or pleural effusion and PDS RO is difficult due to

@ Springer

old age or other reasons, it is not considered to be truly
patient-centered medicine to perform a laparoscopic biopsy
before chemotherapy. Even if tumor tissue is not collected
prior to chemotherapy and chemotherapy is successful and
tumor-based testing is no longer possible, germline muta-
tions, which account for about 70% of BRCA mutations,
can be examined by blood sampling, while somatic BRCA
mutations, which only occur in tumor tissues and account
for about 30% of BRCA mutations, cannot be determined.
In this case, the number of patients receiving Ola would
be slightly reduced because maintenance therapy with Ola
alone is only approved for BRCA mutation cases in Japan.
However, an option for the use of Nira that can be admin-
istered regardless of HRD status exists, and since no sig-
nificant difference in the efficacy of Ola and Nira has been
shown, a minimal disadvantage to patients by not perform-
ing laparoscopic biopsy exists. A slight possibility that
innovative new treatment methods will be discovered in the
future in which tissue biopsy prior to chemotherapy will
lead to improved patient prognosis. However, at this point
in time, laparoscopic biopsy in cases in which the histologi-
cal type has been almost completely diagnosed by ascites
sampling, while having research significance, is unlikely to
lead to improved patient prognosis.

Comparison of Ola + Bev and Nira in HRD
and high-risk group other than PDS RO

At this time, of the data from the PAOLA-1 study divided
into the PDS RO and high-risk groups, the data for HRD with
BRCA wild type and GIS (GIS >42) are not available; only
the data for HRD cases including BRCA mutation cases are
available. It may be that the number of cases would be too
small to evaluate if subgroup analyses were performed in
great detail. In the HRD and high-risk cases, the Ola+ Bev
group in the PAOLA-1 study had 1- and 2-year PFS percent-
ages of 86 and 56%, respectively, while the Nira group in
the PRIMA study had 1- and 2-year PFS values of 70% and
48, respectively. Since the HR values were similar (0.39 for
PAOLA-1 and 0.43 for PRIMA), Ola and Nira were prob-
ably equivalent in these cases. Some people often suggest
that even if Ola and Nira are equivalent, Ola in the PAOLA-1
study is better than Nira in the PRIMA study because of the
Bev base. However, considering that Bev ends within 1 year
of the start of maintenance therapy and the benefit of Bev
is lost soon thereafter, Ola+ Bev in the PAOLA-1 study is
not superior to Nira in the PRIMA study. Similar to results
mentioned above, in a case in which HGSC was already
diagnosed by ascites sampling and the treatment plan did not
include PDS, laparoscopic biopsy used to obtain the option
of Ola+ Bev by myChoice® test despite the presence of
Nira, is not considered for improving a patient’s prognosis.
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Comparison between Bev and Nira in HRp tumors

The cases in the GOG218 study for Bev [33] are quite simi-
lar to the PRIMA study for Nira in that they are high risk
cases other than PDS R0, and the Kaplan—Meier curve for
GOG218 cases without HRR pathway gene mutations has
been published [34]. However, as we reported, no correla-
tion between mutations of HRR pathway genes other than
BRCA1/2 and HRD score (GIS in myChoice®) was found
[35]. The hazard ratio for PFS in the GOG218 study was
obtained from the start of initial chemotherapy rather than
from the start of maintenance therapy. Therefore, when com-
paring the data of the GOG218 cases without mutations in
the HRR pathway genes with the data of the HRp cases in
the PRIMA trial, one should keep in mind that several differ-
ences exist. A minimal difference in the Kaplan—Meier curve
for PFS was found, which suggests a poor prognosis anyway.

An interim analysis of overall survival (OS) in the
PRIMA study showed an HR of 0.51 in the HRp group,
suggesting that Nira may extend OS [23]. However, the big-
gest concern with the PRIMA study data is the effect of indi-
vidualized starting doses on HRp cases. Patients weighing
less than 77 kg and/or those with platelet counts less than
150,000/pl1 are started at 300 mg/day for the fixed starting
dose and 200 mg/day for the individualized starting dose.
In the EMA Assessment Report, a detailed analysis of this
group showed that for HRp, starting Nira at 300 mg/day pro-
longed the median PFS by 2.8 months with an HR of 0.61,
while starting Nira at 200 mg/day prolonged median PES by
only 0.1 month with a HR of 0.75 (Table 2) [36]. For Nira
maintenance therapy for platinum-sensitive recurrence in
gBRCA wild-type patients, the NOVA study was performed
at a fixed starting dose in the Western countries with a HR
of 0.45 [38], and the NORA study was performed at an indi-
vidualized starting dose in China with a HR of 0.40 [39], and
the results from both studies were comparable. However, the
gBRCA wild-type tumors treated with maintenance therapy
for platinum-sensitive relapse are likely to include many
tumors with HRD due to sBRCA mutations or other reasons,
which is very different from the “HRp tumors that responded
to TC on first-line therapy” in the PRIMA study. In addi-
tion, HRp tumors may reach the therapeutic range only after

high doses of Nira are administered. Therefore, it cannot be
denied that 300 mg/day for a specific time period may be
important in the treatment of HRp tumors even though about
80% of patients will eventually receive a reduced dose of
200 mg/day or less. The EMA concluded that “For the HRp
population, the 200 mg dose seems to be of lower efficacy
compared to 300 mg”. However, EMA also stated that “The
PRIMA study was not initially designed with the intent of
studying different starting doses and considering that the
lower dose has only been tested in limited number of sub-
jects, it is realized that the study does not have the statistical
power to allow any firm conclusions to be drawn in regards
to the 200 mg starting dose compared to the 300 mg starting
dose”. It is unfortunate that only the individualized starting
dose is approved in the package insert, despite the fact that
clinical trials were conducted in Japan with a fixed starting
dose of 300 mg/day. In the PRIMA study, 200 mg/day was
used in the last one-third of patients enrolled, so the follow-
up period for those patients was short. It will be interest-
ing to see whether the long-term follow-up data from the
PRIMA trial and real-world data will show a clear antitumor
effect of Nira at 200 mg/day for HRp tumors.

The enrollment criteria for the PRIMA study state that
“Patients who have received bevacizumab with their first-
line platinum-based therapy but are unable to receive beva-
cizumab as maintenance therapy due to adverse events or
for any other reason are not excluded from study as long as
the last dose of bevacizumab was received >28 days prior to
signing the main informed consent form” [23]. In fact, seven
patients (six in the actual drug group and one in the placebo
group) who were using Bev for the first chemotherapy were
included [36]. The package insert of Zejula® in Japan also
states that Nira was administered after a withdrawal period
of 28 days or more when Bev was used at the time of first
treatment. From the aspect of Bev, no evidence of Bev's effi-
cacy when used in combination with chemotherapy without
Bev's maintenance therapy has been reported, and changing
to a PARP inhibitor without Bev in maintenance therapy
would be inappropriate because Bev in combination with
chemotherapy would lose its rationale. However the effect
of Bev in prolonging PFS disappears after 2 years [2], so
from a patient-centered perspective, a decision to switch to

Table 2 Analysis of patients

e Nira Placebo HR (95% CI) p values
weighing less than 77 kg or
with platelet counts less than mg/day n Median PFS (m) n Median PFS (m)
150,000/pl in the PRIMA study
[36] Overall 300 243 14.2 116 8.2 0.62 (0.47-0.83)  0.0013
200 122 114 61 8.3 0.68 (0.44-1.06)  0.0858
HRD 300 119 221 66 8.2 0.46 (0.30-0.71)  0.0003
200 66 14.0 30 109 0.35 (0.17-0.72) ~ 0.0030
HRp 300 124 8.3 50 4.5 0.61 (0.37-1.01)  0.0531
200 56 5.5 31 54 0.75 (0.36-1.59)  0.4761
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Nira may be made in patients who started chemotherapy
with Bev if chemotherapy is successful and OS is expected
to be more than 2 years. On the other hand, in many cases of
HRp, the response to chemotherapy may be inadequate, and
in such cases, it may be better to switch to a regimen using
Bev rather than sticking to Nira.

It is even more difficult to decide what to do about main-
tenance therapy for patients with HRp and PDS RO or
optimal surgery. These patients should be expected to be
cured or to survive for a long time based on their surgical
outcomes, and without maintenance therapy, they will soon
relapse. Neither the PRIMA nor GOG218 trials enrolled
patients in this group, and a subgroup analysis of the I[CON7
trial showed that Bev did not prolong PFS in this group [37].
Thus, despite the lack of much data, both Nira and Bev are
still covered by insurance, and we can only make predictions
based on other data to decide which one to use. We do not
use Bev in this group because Bev is not a drug to increase
cure rates or to provide long-term survival [2]. As mentioned
above, it is not known how effective Nira at 200 mg/day is
for HRp tumors, but our policy is to use Nira for the cyto-
toxic effect of PARP inhibitors. Some concern about the
use of Nira in patients with no residual tumor and no known
response to chemotherapy exists; however, based on data
showing that Nira was more effective in IDS R1 patients, we
believe that the efficacy of Nira is not necessarily related to
the response rate to chemotherapy.

In the JGOG3016 study, dose-dense TC, a regimen of
increasing doses of paclitaxel, led to a prolongation of OS
compared to TC in HGSC [40]. Basic research has shown
that tumors with BRCAI mutations are resistant to taxanes
[41], and conversely, HRp tumors may be sensitive to taxa-
nes. Therefore, HRp tumors may benefit from dose-dense
TC when used as the initial chemotherapy regimen. In the
VELIA study, which used veliparib in combination with
chemotherapy plus maintenance, the chemotherapy regi-
men consisted of dose-dense TC and conventional TC in an
almost 50:50 ratio. The risk of progression in the dose-dense
TC group when compared with that in the TC group was
HR 1.05 for patients with BRCA1/2 mutations, HR 0.77 for
patients with wild-type BRCA1/2 and positive HRD by GIS,
and HR 0.64 for patients with HRp, indicating a better prog-
nosis in the dose-dense TC group [42]. The VELIA study
was not a randomized controlled trial of TC versus dose-
dense TC, so some bias in this comparison can be shown,
but it seems to be a proof-of-concept based on the basic
research data. Therefore, we use dose-dense TC as a chemo-
therapy regimen before Nira for HGSC patients with HRp
who are younger and want to increase the intensity of treat-
ment in expecting to achieve long-term survival. However,
since dose-dense TC was not superior to TC in the ICONS
study [43], and there is no evidence yet on the efficacy of
dose-dense TC followed by Nira maintenance regimen,
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whether our policy is really a good one or not needs further
investigation.

About surgery; PDS or NAC/IDS?
Evidence for PDS RO

The current Japanese ovarian cancer treatment guidelines
from recommend aiming for PDS RO, with an evidence
level of A [44]. However, no randomized controlled trials
that prove the benefit of PDS RO have been published. The
most famous paper cited in the guidelines is a meta-analysis
of randomized controlled trials for chemotherapy, which
reported that PDS RO had a better prognosis than residual
tumor (R1) in a subgroup analysis [45]. However, these data
did not randomize resectable cancers into RO and R1, and
the R1 cases were likely to include those with truly unresect-
able lesions, so a bias about the disease state existed, and
strictly speaking, no high level of evidence that striving for
PDS RO really improves prognosis has been found. However,
a clinical trial that would allow a tumor to remain without
removing it would be ethically difficult to execute, and it is
unavoidable that a paper with a high level of evidence can-
not be cited in the guidelines. If the reason for the lack of
data is not “because it is not true” but “because it is ethically
difficult to conduct a clinical trial”, the lack of data with a
high level of evidence does not provide a reason not to aim
for PDS RO. One of the papers cited in the guideline was
published by the Mayo Clinic in the United States and states
that surgical procedures have been standardized since 2007
to achieve a PDS RO rate of more than 50% at stage IIIC.
Even in the absence of PARP inhibitors, a PDS RO at stage
IIIC was associated with a 5-year PFS of about 40% [46],
and gynecological oncologists, including Japanese, should
aim for that surgical level.

Recently, a paper was published in which HGSCs were
considered a mixture of chemotherapy-sensitive and -resist-
ant cells and were simulated with a model in which chemo-
therapy in the presence of a tumor mass would increase the
number of chemotherapy-resistant clones [47]. This study
indicated that the difference in prognosis between PDS and
NAC/IDS is significant when the surgical residual tumor
is less than 1 mm, and that complete resection of PDS is
important for improving survival. This study demonstrates
the benefit of surgery in a manner other than a clinical trial
and raises awareness of the importance of avoiding chemo-
therapy for grossly visible tumor masses.

Complete resection, including invisible lesions

Ninety-seven percent of ovarian cancers express folate recep-
tors. In surgery for advanced ovarian cancer, intravenous
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infusion of pafolacianine (CYTALUX®), a folic acid con-
jugated with an indocyanine green (ICG)-like fluorescent
substance, was shown to be taken up by ovarian cancer cells
expressing folate receptors, and the tumor can be depicted
in green intraoperatively by an imaging system using near-
infrared light. In a phase III clinical trial, pafolacianine
was shown to be useful for detecting additional lesions in
27% of 134 patients even though the lesions were mainly
RO [48]. Based on the results of this clinical trial, pafola-
cianine (CYTALUX®) was FDA-approved for surgery for
advanced ovarian cancer in November 2021. Thus, in the
future treatment of ovarian cancer, complete tumor resection
is required, including not only gross RO but also invisible
tumors.

What are cases in which PDS is difficult?

If PDS is difficult, NAC + IDS should be performed, but it
is controversial in which cases PDS should be considered
difficult. It should be noted that the evidence for diagnostic
laparoscopy is for predicting whether complete resection
or optimal surgery is possible, and no evidence for diag-
nostic laparoscopy only for observation and pathological
diagnosis by biopsy, which is often done in Japan, exists.
Recently, a diagnostic laparoscopic predictive index has
been proposed to predict whether or not optimal surgery
is possible [49], and this index is also cited in the Japa-
nese ovarian cancer treatment guidelines [44]. A predictive

index of 0 to 6 indicates that PDS is relatively easy, 8 to 12
indicates that PDS is difficult, and 14 indicates that PDS
is impossible. For example, extensive invasion covering
most of the diaphragmatic surface plus invasion requiring
resection of the gastrointestinal tract plus involvement of
the liver surface would result in a predictive index of 6,
which would be considered “relatively easy” although this
surgery does not seem to be easy in majority of institutions
in Japan. No evidence that NAC/IDS can be performed
instead of PDS in patients with a predictive index of 6
or lower has been reported. In patients with a predictive
index of 8 to 12, NAC/IDS was reported to be better than
PDS because it did not lead to worse prognosis and caused
a reduction in complications [50]. However, it should be
noted that these results are data from the era before the
advent of PARP inhibitors.

Of course, the risk of complications from PDS should
be considered in patients who are older than 80 years old
or who have poor performance status. The Mayo Clinic has
reported a simple triage algorithm for assessing the risk of
complications and deciding whether or not to perform PDS
(Fig. 3) [51]. Older patients often do not want to undergo
surgery when the risks of surgery for advanced ovarian can-
cer are carefully explained to them. Among the criteria in
this algorithm, albumin < 3.5 g/dL applies to many patients
with pleural effusion or ascites, and if these patients undergo
NAC, the ratio of PDS will be too low. At our hospital, we
do not place much importance on this criterion and perform

three criteria

1) Albumin < 3.5g/dL

2. = 80 years old

omentectomy)

infarction/stent/laparotomy

Patients are at high risk of complications from PDS if they meet one of the following

3. 75-79 years old and one of the following
ECOG Performance Status > 1 (ASA score 3-4)
Stage IV (multiple liver parenchymal or lung metastases)
Complex surgery (more than hysterectomy + bilateral salpingo-oophorectomy +

*Consider NAC if recent (<6 months) venous thrombosis/myocardial

Not high risk

High risk

PDS

NAC

Fig. 3 Mayo triage algorithm [51]. In our hospital, we do not use the criteria for serum albumin levels
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PDS even if the albumin level is <3.5 g/dL if we judge that
PDS is possible.

Surgical policy for ovarian cancer in our hospital

After the results of the PDS RO subgroup of PAOLA-1 were
reported at IGCS in September 2020, our hospital changed
its policy to aggressively aim for PDS RO the following
month. We try to perform surgery within three weeks of the
initial diagnosis of advanced ovarian cancer. In our hospital,
PDS of advanced ovarian cancer is rarely completed only by
gynecological oncologists, and we usually request support
from surgery, urology, and post-operative intensive care unit
(ICU) management. If symptoms due to ascites accumu-
lation are severe during the pre-operative waiting period,
cell-free and concentrated ascites reinfusion therapy (CART)
can be used to extend the waiting period. However, in the
pre-operative period of advanced ovarian cancer, a certain
number of surgeries will inevitably be cancelled because
a patient’s general condition can change from moment to
moment. If we are not confident that PDS RO is possible
based on the pre-operative imaging examination, we observe
the inside of the abdominal cavity by laparoscopy, and on the
same day, we can switch to PDS by laparotomy. If the facil-
ity allows laparoscopic observation within a week after the
initial diagnosis and then PDS on another day, the frequency
of PDS cancellations may be reduced. The predictive index
[49] is used as a reference during laparoscopic observation,
but it is not easy to objectively judge whether PDS RO is
possible. In principle, all disseminated lesions in the dia-
phragm can be removed, and lesions that can be removed
by bowel resection or stoma construction can be removed.
We consider PDS RO to be infeasible in patients with dis-
seminated lesions that have spread to the entire serosa of the
small intestine or in patients with disseminated peritoneal
lesions that are diffusely thickened throughout the perito-
neum without forming a mass. Rather than scoring in detail,
we try to aim for PDS RO as much as possible, being aware
that whether or not to perform PDS RO is directly related to
the life or death of the patient. As a result, in the last year,
PDS RO was achieved in about half of the HGSC stage III-IV
casesrs under the age of 75.

Ovarian cancer treatment in Japan
in the future

In the past, when PARP inhibitors were not available,
advanced ovarian cancer was a disease in which even after
achieving PDS RO and chemotherapy, many patients would
relapse, undergo repeated chemotherapy, and eventually
be transferred to palliative care. Even today, a significant
number of ovarian cancer cases are practically impossible to
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cure due to old age and other reasons. The strategy of NAC
and reduction surgery to avoid colostomy was a promising
option rather than having a colostomy to achieve PDS RO.
For example, in Japan, there are many facilities that do not
perform complete resection by PDS when multiple parts of
the large intestine need to be resected, because the length of
the large intestine is not sufficient for anastomosis with the
rectum or the frequency of suture failure increases.

However, with the advent of PARP inhibitors, the treat-
ment of at least half of advanced ovarian cancer cases has
changed dramatically, and the goal of treatment is shifting
from “maintaining QOL as a chronic disease for a long
time” to “cure”. In particular, the 2-year PFS of >90% for
Ola+ Bev in patients with PDS RO and HRD is exactly at
the level for which we have been striving. This is a sub-
group analysis, and the level of evidence is low, but the level
of evidence is usually lower for surgical data than for drug
data. Although the situation varies by hospital, country, and
patient condition, the importance of achieving PDS RO has
increased compared to the past.

In Japan, facilities that perform surgery for gynecologi-
cal cancers are not centralized and there are many small to
medium-sized facilities that treat ovarian cancer. The num-
ber of cases at our hospital (Kindai University Hospital) is
average among Japanese university hospitals, and frequency
of PDS for advanced ovarian cancer is about one case per
month. There are few facilities in Japan that can participate
in the TRUST study conducted by the AGO study group,
which requires more than 36 debulking surgeries per year
[52]. Centralization of gynecological cancer facilities is a
challenge for Japan.

This article discusses the first-line treatment of ovar-
ian cancer based on the evidence available as of December
2021. Evidence is constantly being added, so there is a need
to revise this content in the future.
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