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PARP inhibitors in the treatment of ovarian cancer
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Summary The recent exciting findings on the use
of poly(adenosine diphosphate [ADP]-ribose) poly-
merase inhibitor (PARPi) maintenance therapy in the
first-line and later lines of treatment in ovarian cancer
are illustrated. Unprecedented advantages have been
shown in first-line therapy not only in BRCA-mutated
cancers, but also in tumor exhibiting a homologous
recombination repair deficiency (HRD) unrelated to
BRCA aberrations. The advantages of PARP mainte-
nance therapy in around 50% of HR-proficient high-
grade ovarian cancers are far less clear and, even
though of statistical significance, the clinical benefit
for the patients may be of borderline significance.
The pre-treatment testing of HRD remains a matter
of debate especially in the light of the current era
of precision medicine. Data on the combination of
PARPi with bevacizumab maintenance therapy un-
covered additive beneficial therapeutic effects. In re-
current ovarian cancer, results on PARPi maintenance
therapy after response to platinum-based reinduction
chemotherapy are also excellent. At present, how-
ever, PARPi maintenance therapy remains reserved
for PARPi-naive patients, since the data on PARPi
after PARPi is extremely sparse.
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Introduction

The enzyme poly(adenosine diphosphate [ADP]-ri-
bose) polymerase (PARP), was first described by Pierre
Chambon in 1963 and was found to be crucially im-
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plicated in the “base excision repair” of single strand
breaks in the DNA [1]. Abrogating the activity of PARP
by specific inhibiting drugs leads to an accumulation
of unrepaired single strand breaks and consequently
to an increased number of double strand breaks
(DSB), which in turn are commonly addressed by
high-fidelity, template-dependent homologous re-
combination repair (HRR). Deficiency in the latter
repair system, referred to as HRD, is mostly due to
a mutation in one of the various genes encoding for
proteins involved in the DNA damage repair process,
such as BRCA1 and 2, Rad51C, Check 2, Fanconi
anemia proteins, and a number of others. Thus, inhi-
bition of PARP in cells with an HRD background leads
in particular to cell death due to the accumulation of
unrepaired DSBs [2]. This phenomenon characterized
by the lack of function of two separate DNA repair
systems, the one by inhibitory drugs and the other
due to genetic or epigenetic alterations, is referred
to as “synthetic lethality.” Hence, cancers bearing
HRD exhibit the highest susceptibility to respond to
PARP inhibitors (PARPi). In this regard, high-grade
serous ovarian cancer, which is the most common
histological ovarian cancer subtype, represents an
ideal candidate for PARPi treatment, since around
50% of these cancers exhibit the HRD phenotype, of
which 20–25% account for BRCA1 and -2 germline or
somatic aberrations [3]. Similar sensitivity for PARPi
therapy is also assumed for high-grade endometrioid
ovarian cancers [4]. Furthermore, PARPi also impair
the non-homologous end-joining (NHEJ) DNA repair
mechanism, which act in HRD cells as an alternative
rescue DNA repair pathway for DSBs [2]. Usually in
ovarian cancer, the HRD phenotype is associated with
a better response to platinum-based chemotherapy
and thus with a better clinical outcome [6]. Preclinical
and early clinical investigations uncovered a strong
relationship between the responsiveness to platinum
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and the therapeutic efficacy of PARPi. Consequently,
in most clinical studies as well as in routine prac-
tice, the response to platinum-based chemotherapy
is considered an extremely reliable “functional in vivo
biomarker” to predict PARPi responsiveness.

PARPi in recurrent ovarian cancer

A number of large phase 2 and phase 3 placebo-
controlled clinical trials have been published on re-
current platinum-sensitive high-grade ovarian cancer
(HGOC), in which so far three different PARPi (ola-
parib, niraparib, and rucaparib) were tested as daily
maintenance therapy until progression in patients
that showed response to the actual platinum-based
chemotherapy [4, 6–8]. The addition of maintenance
therapy with PARPi resulted in an impressive improve-
ment in progression-free survival (PFS) with hazard
ratios (HR) from around 0.35 compared to the placebo
arms in the intention-to-treat (ITT) populations. As
a general rule, efficacy dropped consistently from
patients with tumors mutated in the BRCA1 or BRCA2
gene to those with verified HRD, and to those with
proficient HRR. For example, in the germline BRCA-
mutated subpopulations, the improvement in median
PFS with respect to the placebo arm ranged from 11.2
to 15.5 months in the various phase 3 trials [4, 5, 7, 8].

Even in patients treated with multiple lines, PARPi
not given in a classical maintenance setting but as
a continuous monotherapy have shown clinical ben-
efit. In a multicenter, open-label, single-arm, phase 2
trial, niraparib was dosed daily as the fourth or later
line of treatment and showed activity especially in pa-
tients with HRD-positive disease who responded to
their last previous platinum-based therapy. In these
patients, the clinical benefit rate (CBR; calculated as
the proportion of patients experiencing any response
or stable disease) for at least 16 weeks (CBR-16) was
74%, whereas in HRD-negative platinum-refractory or
platinum-resistant disease CBR-16 decreased to 18%.
Of special note, however, is the fact that in platinum-
refractory/-resistant cancers exhibiting HRD includ-
ing the BRCA mutations, the observed CBR-16 was
still 33%. When only BRCA-mutated cases of this sub-
group were considered, the CBR-16 increased to as
much as 43% [9].

Another chemotherapy-free, randomized phase 2
trial (AVANOVA-2) in platinum-sensitive recurrent
disease compared niraparib monotherapy with the
niraparib/bevacizumab combination. It is worth
mentioning that 50% of the study patients had re-
ceived two or more prior treatment lines. This proof
of concept study clearly revealed that the combina-
tion of both drugs given as a definitive treatment
for recurrent disease significantly improved PFS over
niraparib alone. This improvement was regardless
of HRD status or the chemotherapy-free interval, al-
though the addition of bevacizumab appeared to be
more beneficial in the subgroup with an interval of

between 6 and 12 months as compared with patients
with >12 months since the last chemotherapy. An
additional exploratory analysis showed that the addi-
tion of bevacizumab to niraparib did not improve PFS
significantly in BRCA-mutated cancers, whereas the
combination was highly beneficial in BRCA-wildtype
cases [10].

PARPi in the first-line therapy of ovarian cancer

Since the presentation of the SOLO-1 data at the
2018 European Society for Medical Oncology (ESMO)
Meeting in Munich, Germany, olaparib was the first
PARPi to move into first-line treatment for BRCA-
mutated high-grade serous and endometrioid ovarian
cancers. This placebo-controlled randomized phase 3
trial, which only included germline or somatic BRCA-
mutated cancers, demonstrated an unprecedented
improvement in PFS when olaparib was used as
a maintenance treatment over 2 years after partial
or complete response to first-line platinum-based
therapy. At 3 years, 60.4% of the patients were pro-
gression-free in the experimental arm as compared
to only 26.9% in the placebo arm. Furthermore, the
median time to first subsequent therapy or death was
the first secondary endpoint reached in that study and
revealed a difference of more than 3 years in favour
of the experimental arm. Moreover, it is worth not-
ing that, after termination of the 2-year maintenance
therapy, no approximation of both Kaplan Meier
curves for PFS occurred, which strongly suggests that
the beneficial effect of the olaparib maintenance ther-
apy persists beyond treatment duration [11]. These
results led the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA)
to approve olaparib for patients with BRCA-mutated
HGOCs as a first-line maintenance treatment after
a response to platinum-based chemotherapy.

Three further phase 3 placebo-controlled random-
ized trials regarding PARPi use in first-line treat-
ment were presented at the 2019 ESMO Meeting in
Barcelona. These clinical trials were performed with
three different PARPi, namely veliparib, niraparib,
and olaparib, but on substantially different patient
populations, making a comparison of these drugs
regarding their effectiveness absolutely inadmissible.
Nonetheless, all three studies showed the unequivocal
superiority of the PARPi treatment as compared with
the placebo arm in the ITT population.

In the three-armed placebo-controlled VELIA Study,
veliparib was administered concomitantly with the six
cycles of platinum-based chemotherapy and as a 3-
year maintenance therapy [12]. The VELIA study
was the only trial designed to enrol all patients with
stage III–IV high-grade serous cancer regardless of
BRCA status, surgical management, or response to
platinum-based treatment. VELIA revealed that PARP
inhibition with veliparib restricted to the duration of
concomitant chemotherapy was not effective. How-
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ever, when veliparib was continued as maintenance
therapy, PFS superiority was found for the ITT- (HR:
0.68) and the BRCA-mutated-population (HR: 0.44)
when compared with the placebo arm. All this corrob-
orated the significance of the maintenance approach
of PARPi treatment in ovarian cancer. However, no
benefit for veliparib over placebo was documented in
the subcohort exhibiting HRD when BRCA-mutated
disease was excluded as well as in HR-proficient can-
cers. Worthy of note is that in VELIA the HRD Score
(Myriad myChoice HRD CDx® assay) threshold was
set at 33 and was thus lower compared to the score
cut-off of 42 used in all other studies [12].

The PRIMA study selectively included a population
of very high-risk, advanced-stage patients, of which
67% were treated with neoadjuvant chemotherapy
and interval debulking surgery. If primary surgery
was performed, visible residual disease was a prereq-
uisite. Furthermore, a≥90% reduction in CA-125 from
the original value at the end of chemotherapy was
required, leading to a very high complete response
rate (75%) and a strongly preselected high platinum-
sensitive study population. The primary endpoints in
the HRD and ITT population were reached for PFS
with an HR of 0.43 and 0.62, respectively, in favor of
niraparip maintenance with respect to the placebo
arm. Additional exploratory analyses also revealed
a beneficial PFS for niraparib maintenance therapy
in the subgroups of BRCA-mutated (HR: 0.40), HRD
but BRCA-wildtype (HR: 0.50), and HR-proficient (HR:
0.68) disease. Regarding the HRR-proficient subgroup,
calculations were based on an adjusted HR and relate
to expected rather than actually observed values after
adjustment for imbalances in key prognostic factors.
Although statistically significant, the expected gain in
median PFS is estimated at only around 2.4 months
[13].

The platine, avastin, and olaparib in 1st line
(PAOLA-1) trial was the third maintenance PARPi
study in HGOC first-line treatment where enrollment
was regardless of BRCA status or surgical manage-
ment [14]. The 2-year maintenance approach started
after partial or complete response to platinum/taxane
chemotherapy and consisted of bevacizumab with
either olaparib or placebo. The addition of ola-
parib to bevacizumab maintenance therapy resulted
in a significant improvement in the median PFS of
5.5 months in the ITT population (HR: 0.59), which
was the primary endpoint of the study. Further ex-
ploratory subgroup analyses revealed a PFS improve-
ment in BRCA-muted cancers of 15.5 months (HR:
0.31) and in HRD excluding BRCA-mutated cancers
of 11.5 months (HR: 0.43). However, any benefit from
the addition of olaparib to maintenance bevacizumab
was documented in the HRR-proficient cancers (HR:
0.92). Taking the available data into consideration, the
advantage of olaparib when added to bevacizumab
maintenance therapy should be interpreted as an
additive effect [14].

The most intriguing question when selecting pa-
tients that will probably not benefit from PARPi main-
tenance therapy is whether or not HRD testing should
be performed and, if yes, how reliable commercially
available tests are, especially with regard to the correct
thresholds of the scores used in order to distinguish
between HR deficiency and HR proficiency.

Take home message

In PARPi-naïve patients with recurrent HGOCs, PARPi
should be generously used as maintenance therapy
in BRCA-mutated cancers, as well as in other can-
cers showing unequivocal response to platinum-based
chemotherapy regardless of the treatment line. In this
context, it is worth highlighting that platinum sensitivity
is still the best biomarker to predict response to PARPi
treatment.

Moreover, in BRCA-mutated cancers, PARPi main-
tenance therapy (with or without bevacizumab) should
be considered an integral part of front-line treatment.
Therefore, BRCA testing should be offered to all ovarian
cancer patients at primary diagnosis. BRCA-unrelated
HRD cases in which olaparib and niraparib showed
high effectiveness should also be treated with PARPi
for front-line therapy. However, in this subgroup, test-
ing of HRD status prior to therapy by reliable methods
(either by commercially available specialized HRD tests
or by academically established multigene analysis on
new generation sequencing [NGS] platforms) should
be vigorously recommended, especially in light of the
concept of “precision medicine.” This is especially true
when response to platinum-based chemotherapy fails
to be evaluated objectively due to complete tumor
clearance during primary debulking surgery.

Nevertheless, the future use of PARPi in daily prac-
tice will be highly dependent on the terms that the FDA
and EMA approve for the use of PARPi in the first-line
treatment of ovarian cancer.
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