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ABSTRACT

Introducing PARP inhibitors maintenance therapy into clinical practice significantly improved treatment outcomes
in patients with high-grade platinum-sensitive advanced ovarian cancer, the most lethal gynecological malignancy.
Niraparib is a potent PARP inhibitor whose safety and efficacy were assessed in the placebo-controlled, rand-
omized clinical trial PRIMA. Niraparib significantly prolonged progression-free survival in the overall population
of high-grade advanced ovarian cancer regardless of BRCA7T and BRCA2 mutation and homologous deficiency
status compared to placebo. However, the most significant benefit was observed in BRCA mutated and homolo-
gous recombination deficient subgroups. Niraparib has a manageable toxicity profile and is well-tolerated by
patients. Most common toxicities are hematological and can be managed with drug interruption and/or dose
reduction that do not decrease efficacy. Niraparib is recommended for patients who responded to the first-line
chemotherapy with platinum compound regardless of homologous recombination status. This review will discuss
the use of niraparib in newly diagnosed advanced ovarian cancer patients focusing on its efficacy and tolerability.
Additionally, a case series will be presented to further discuss this drug use in clinical practice in Poland.
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Introduction

Epithelial ovarian cancer is the fifth most common
type of cancer in women and the fourth most com-
mon cause of cancer death. The estimated number
of new ovarian cancer cases worldwide in 2020 was
313 959, with 207 252 deaths. Approximately 30% of
cases are diagnosed in Europe [1]. The incidence
of ovarian cancer in Poland is about 15% higher than
in other European Union countries, with 3 734 cases
and 2 829 deaths in 2018 [2]. In most cases, diagno-
sis is made at an advanced stage. High-grade serous
ovarian cancer (HGSOC), the most common ovarian
cancer subtype, is conventionally treated with surgery
and paclitaxel/carboplatin combination chemotherapy [3].
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Initial response rates are 60-80%, but eventually,
the majority of patients relapse. The addition of a third
agent to the adjuvant chemotherapy or the use of
high-dose sequential therapies increased the toxicity
and did not benefit patients. Second and other lines of
chemotherapy consisting of a platinum compound in
the case of platinum sensitivity or pegylated liposomal
doxorubicin, weekly paclitaxel, gemcitabine, etoposide
or topotecan in the case of platinum-refractory or resist-
ant relapse are used in clinical practice but usually with
poor outcomes. In this landscape, the innovative main-
tenance treatment with poly (ADP-ribose) polymerase
(PARP) inhibitors demonstrated an outstanding activity
in ovarian cancer and changed clinical practice. Nira-
parib is an orally active small-molecule PARP inhibitor.
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Among 733 patients with newly diagnosed advanced
ovarian cancer who had a response to platinum-based
chemotherapy, those who received niraparib via par-
ticipation in the PRIMA trial had significantly longer
progression-free survival (PFS) than those who received
placebo, regardless of the presence or absence of
homologous-recombination deficiency (HRD) although
the benefit was more significant in the HRD subgroup
[4]. This review will discuss the use of niraparib in newly
diagnosed advanced ovarian cancer patients focusing on
its efficacy and tolerability. Additionally, a case series
will be presented to further discuss this drug use in clini-
cal practice in Poland.

Homologous recombination and PARP
inhibitors

Homologous recombination (HR) is one of six
main ways in which cells can repair DNA damage
and one of two pathways for repairing double-strand
DNA breaks (DSBs) [5]. Cells with homologous re-
combination deficiency (HRD) rely only on the second
mechanism, Non-Homologous End Joining (NHEJ),
a pathway that is less exact and more mistake prone,
which predisposes for tumorigenesis [6]. In approxi-
mately 50% of all ovarian cancers, HRD is present
due to mutations or epigenetic changes in HR pathway
genes. The most common changes responsible for HRD
are BRCA1 and BRCA?2 germline and somatic mutations
that can be found in up to 25% of ovarian cancer patients
[7,8]. Additional changes responsible for HRD are alter-
ations in other genes like PALB2, FANCA, FANCI, FAN-
CL, FANCC, RAD50, RAD51, RAD51C, RAD54L, ATM,
ATR, CHEKI, and CHEK? [5]. BRCAI and BRCA?2 are
the most widely studied genes which, when mutated,
increase the risk of developing various cancers, mainly
breast cancer (lifetime risk up to 60-85%) but also
ovarian, pancreatic and prostate cancer [9]. Ovarian
cancer patients with BRCAI and BRCA2 mutations
often present at an advanced stage and younger age. In
this subgroup of patients, good responses to platinum
and generally better outcomes are often observed.
PARPs are a family of proteins that allow the transfer
of ADP-ribose to various target proteins essential for
vital cellular processes like proliferation and apoptosis,
but not only. PARP-1 and PARP-2 isoforms are best
known because of their role in DNA repair by base
excision repair (BER) of the single-stranded DNA
breaks (SSBs) and nucleotide excision repair (NER)
[10-12]. Originally it was believed that PARP inhibi-
tion causes accumulation of SSBs which are converted
to DSBs that cannot be repaired in the case of HRD
and lead to the process called synthetic lethality result-
ing in cell death [13]. Recently novel models explaining
synthetic lethality between PARPis and HRD focusing

on PARPI trapping at DNA damage sites have been
proposed [5]. Regardless of an exact mechanism of
synthetic lethality relying on PARP inhibition, it is still
the only case when this concept was successfully trans-
lated into clinical practice.

Clinical efficacy of niraparib

Niraparib is a potent PARP-1 and PARP-2 inhibitor
whose efficacy was first observed in BRCA mutated cell
lines and in-vivo models [14]. Finally, the effectiveness
in newly diagnosed ovarian cancer was confirmed in
the pivotal double-blind, placebo-controlled, multi-
center phase I1I trial PRIMA [4]. Patients aged 18 years
and older with histologically confirmed advanced
ovarian cancer of high-grade serous or endometrioid
histology were offered participation in the study. The
advanced disease was classified as the International Fed-
eration of Gynecology and Obstetrics (FIGO) stage I11
with visible residual tumor after primary debulking sur-
gery, inoperable stage III disease or any stage I'V disease.
Patients who received neoadjuvant chemotherapy were
not excluded.

All the patients had to receive six to nine cycles of
first-line chemotherapy that included platinum compound
and resulted in partial (PR) or complete response (CR).
Tumor samples were evaluated for HRD defined as
a deleterious BRCA mutation, 42 out of 100 points on
the "Myriad MyChoice" test [calculated by the presence of
the loss of heterozygosity (LOH), telomeric allelic imbal-
ance (TALI), and large-scale state transitions (LST)] or both.

The trial was conducted in 20 countries at 181 clini-
cal sites. Within 12 weeks after receiving the last cycle
of the platinum-based chemotherapy, the patients
were randomly assigned in a 2:1 ratio to receive oral
niraparib or placebo. Randomization included strati-
fication according to clinical response after first-line
platinum-based chemotherapy, receipt of neoadjuvant
chemotherapy, and status regarding tumor homologous
recombination. Initially, patients were scheduled to re-
ceive a fixed dose of 300 mg once daily for 28-day cycles
until disease progression or up to 36 months. However,
the dose reduction rate due to a treatment-emergent
adverse event (TEAE) was 68.9%, and the discon-
tinuation rate due to TEAE was 14.7%, including 3.3%
due to thrombocytopenia. Therefore, after analysis of
factors predicting the risk of TEAE development, an
amendment in the protocol was made to include
an individualized starting dose of 200 mg once daily for
patients with a baseline body weight of less than 77 kg,
a baseline platelet count of less than 150 000/uL, or both.
Importantly PFS in patients with dose reductions was
consistent with those who remained on the dose of
300 mg [15]. During the trial, computed tomography
(CT) or magnetic resonance (MR) imaging was per-
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formed to assess progressive disease according to RE-
CIST 1.1 every 12 weeks until treatment discontinuation.

The primary endpoint was PFS in patients who had
tumors with HRD and in those in the overall population.
Progression-free survival was defined as the time from
randomization to the earliest date of objective disease pro-
gression on imaging or death from any cause. Overall sur-
vival was a key secondary endpoint. In total, 733 patients
underwent randomization, and 728 received treatment.

Patient characteristics at baseline were well-balanced
between the two trial groups. Of the 733 patients,
373 (50.9%) had tumors with HRD based on myChoice
testing, including 223 tumors with BRCA mutations.

In the overall population, niraparib treatment
significantly prolonged the median duration of PFS
to 13.8 months compared to 8.2 months with placebo
(p < 0.001). Niraparib significantly prolonged the medi-
an duration of PFS in the HRD group [21.9 months with
niraparib and 10.4 months with placebo (p < 0.001)].
Within this population, the median duration of PFS
for BRCA,,, patients was slightly more prominent
compared to patients with HRD but not BRCA,, ,
(Tab. 1). The overall survival data are not mature yet,
but the interim analysis showed that niraparib signifi-
cantly increased the chance for survival of 24 months in
the overall population and the HRD group.

Niraparib efficacy was recently confirmed in PRIME
trial comparing niraparib maintenance therapy with
placebo in a larger population of patients with advanced
serous or endometroid high grade ovarian cancer patients
that responded to the chemotherapy with platinum. In
this study niraparib maintenance significantly prolonged
the PFS for the whole population regardless of BRCA sta-
tus or cytoreductive surgery outcome (24.8 months with
niraparib vs. 8.3 months with placebo; p < 0.001) [16].

Regarding the combination maintenance therapy
of niraparib with bevacizumab, its safety in newly
diagnosed advanced ovarian cancer was assessed in
the OVARIO study which was a phase II, single-arm,

Table 1. Efficacy of niraparib in the PRIMA trial

open-label trial that showed promising results and safety
profiles consistent with those known from bevacizumab
and niraparib monotherapy [17]. The phase III trial,
which aims to compare the efficacy of the niraparib
monotherapy maintenance with combined niraparib
and bevacizumab maintenance therapy in patients with
FIGO II/IV (except FIGO stage I1IA2 without nodal
involvement) ovarian cancer regardless of BRCA status
and debulking surgery outcome, is about to start recruit-
ment (NCT05009082).

Safety and tolerability

In the PRIMA trial, TEAEsS, especially of grades
3 and 4 according to Common Terminology Criteria for
Adverse Events (CTCAE), were more frequently reported
in the niraparib group compared to placebo, which was con-
sistent with the class effects of PARP inhibitors (Tab. 2).

The most common complaints from the patients were
slight nausea, constipation, and fatigue. The most frequent
adverse effects of grade 3 and higher were hematologi-
cal: anemia in 31% of patients, neutropenia in 12.8%,
and thrombocytopenia in 28.7%. Dose reduction due to
the TEAESs occurred in 70.9% of patients receiving nira-
parib, and 12% discontinued the treatment. In the PRIMA
trial, there were no treatment-related deaths reported.

Recommendations on ovarian cancer
and the use of niraparib in ovarian
cancer treatment in Poland

Several guidelines recommend niraparib as a main-
tenance treatment option for newly diagnosed ovarian
cancer. According to National Comprehensive Cancer
Network (NCCN), niraparib is a recommended post-pri-
mary treatment option in patients with FIGO II-IV
ovarian cancer with CR or PR according to RECIST

PFS (months) HR
Niraparib (n) Placebo (n)

Overall population 13.8 (487) 8.2 (246) 0.62
95% Cl, 0.50 to 0.76

HRD 21.9 (247) 10.4 (126) 0.43
95% Cl, 0.31 to 0.59

BRCA,, 22.1 (152) 10.9 (71) 0.40
95% Cl, 0.27 t0 0.62

HRD but not BRCA,,.¢ 19.6 (95) 8.2 (55) 0.50
95% Cl, 0.31 to 0.83

HRp 8.1 (169) 5.4 (80) 0.68

95% Cl, 0.49 to 0.94

Cl — confidence interval; HRD — homologous recombination deficiency; BRCA, . — BRCA mutated; HR — hazard ratio; HRp — homologous recombination

proficiency; N — number of patients; PFS — progression-free survival
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Table 2. Treatment-related adverse events of special interest
in the PRIMA trial

Adverse Events Niraparib  Placebo
(n =484) (n = 244)
n (%)
Any 478 (98.8) 224 (91.8)
Grade > 3 341 (70.5) 46 (18.9)
Leading to dose reduction 343 (70.9) 20 (8.2)
Leading to discontinuation 58 (12) 6 (2.5)
Adverse events of special interest
Anemia
Any grade 307 (63.4) 43 (17.6)
Grade >3 150 (31.0) 4(1.6)
Nausea
Any grade 278 (57.4) 67 (27.5)
Grade >3 6(1.2) 2(0.8)
Thrombocytopenia
Any grade 222 (45.9) 9(3.7)
Grade >3 139 (28.7) 1(0.4)
Neutropenia
Any grade 128 (27.5) 16 (6.6)
Grade > 3 62 (12.8) 3(1.2)

1.1 after chemotherapy with a platinum compound who
did not receive bevacizumab regardless of BRCA and HRD
status. In patients with BRCA mutation, after treatment
with bevacizumab, niraparib is an option if a combina-
tion of bevacizumab and olaparib is not available [18].
According to European Society for Medical Oncology
(ESMO), niraparib for 36 months is recommended for
FIGO III and IV HRD population with CR or PR after
primary chemotherapy without bevacizumab. In the case
of negative or unknown HRD status, a decision on nira-
parib treatment should be made individually as long-term
outcome data in this setting are not available [19]. Ameri-
can Society of Clinical Oncology (ASCO) guidelines
state that all patients with newly diagnosed stage I1I-IV
high-grade serous or endometrioid epithelial ovarian
cancer with CR or PR after first-line platinum-based
chemotherapy should be offered maintenance therapy
with niraparib while the subgroup of patients with
BRCA1/2 mutations should be treated with olaparib [20].

Since the 1%t of January 2022, niraparib has been
available in Poland for the patients with advanced
(FIGO III and IV) high-grade ovarian or fallopian tube
and primary peritoneal cancer irrespective of BRCA or
HRD status who responded to platinum-based chemo-
therapy. Detailed inclusion and exclusion criteria are
listed in Table 3. Treatment in a maximal dose of 300 mg
daily must be initiated within 12 weeks after the last dose
of chemotherapy and can last up to 36 months.

Table 3. Inclusion and exclusion criteria for the niraparib
prescription program in Poland

Inclusion criteria

Exclusion criteria

High grade ovarian, fallopian
tube or primary peritoneal
cancer of stage:

— FIGO Il with BRCA1/2 muta-
tion regardless of the status
of primary debulking surgery

or

— FIGO Il after primary
debulking surgery

Hypersensitivity to the
active substance or to any
of the excipients

Breast feeding
Progresive disease

Persistent grade 3 adverse
events

Any medical condition making

the treatment unfeasible as per

or = -
physician decision

—FIGO Ill or IV after
neoadjuvant chemotherapy
or

—FIGO IV

PR or CR according to RECIST
1.1 after 15tline chemothera-
py with platinum

PS 0-1

> 18 years old

Hemoglobin level > 10 g/dL
WBC > 3000/uL

ANC > 1500/uL

Platelets > 100 000/uL
Bilirubin level < 1.5 x UNL
(excluding patients with
Gilbert syndrome)

ALT and AST < 2.5 x UNL

(< 5 when liver

metastasis present)
Creatinine level < 1.5 x UNL
Patient is not pregnant

ANC — absolute neutrophile count; AST — aspartate transaminase; ALT — ala-
nine transaminase; CR — complete response; FIGO — The International Fed-
eration of Gynecology and Obstetrics staging system; PR — partial response;
WBC — white blood cells; UNL — upper normal limit

Case series

Before the year 2022, our department was partici-
pating in an expanded access program (EAP) offering
niraparib to patients with advanced platinum-sensitive
ovarian cancer. Inclusion criteria were age 18 and older,
diagnosis of advanced high-grade ovarian, fallopian tube
or primary peritoneal cancer, PR or CR after first-line
platinum-based chemotherapy, ANC > 1500/uL,
platelets > 100.000/wL, hemoglobin level > 9 g/dL, suf-
ficient liver and renal function. Exclusion criteria were
severe, uncontrolled medical condition, hematological
toxicity of grade > 3 lasting for more than four weeks,
uncontrolled hypertension, hypersensitivity to the active
substance or any of the excipients, diagnosis of myelo-
dysplastic syndrome (MDS) or acute myeloid leukemia
(AML), qualification or participation in a clinical trial
involving niraparib, pregnancy and breastfeeding.

Between January and April 2021, four patients were
enrolled in the program. All patients were diagnosed with
advanced high-grade serous ovarian cancer (FIGO IIIA
to FIGO IVB), one was BRCAI mutated, and one was
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diagnosed with HRD on the basis of LOH. All patients
underwent primary cytoreductive surgery and 6 to 8 cy-
cles of adjuvant carboplatin-paclitaxel chemotherapy
that resulted in PR or CR according to RECIST 1.1. All
the patients initiated the niraparib treatment with an in-
dividualized starting dose of 200 mg once daily. To avoid
nausea, they were instructed to take the medication at
bedtime. Two patients underwent dose reduction, one
due to grade 2 thrombocytopenia according to CTCAE
during the first cycle and one due to grade 3 anemia
according to CTCAE that required blood transfusion
after completing the ninth cycle. The last patient also
complained of double vision and moderate headaches
lasting for a few days. Similar symptoms occurred twice
in the past years. The patient underwent a detailed oph-
thalmologist evaluation that did not reveal the underly-
ing cause. The consulting neurologist ordered a brain
MR that did not show any signs of metastasis, bleed-
ing or posterior reversible encephalopathy syndrome
(PRES). Double vision resolved without causative
treatment during one week break from niraparib. The
patient was rechallenged with a reduced dose of 100 mg,
and we did not observe the symptoms’ recurrence. Our
patients were monitored weekly during the first cycle
with complete blood count and later on monthly with
complete blood count, liver and kidney function and Ca-
125 blood tests. CT was performed every 3—-6 months. At
the time of publication, all of the patients were stable
on niraparib treatment (treatment time 16-18 months).

Details on patient characteristics and treatment are
listed in Table 4.

Discussion
Along with other PARPi, niraparib has shown

a great benefit in patients with advanced ovarian cancer
in the first-line maintenance treatment and should be

considered in every patient that responded to first-line
platinum-based chemotherapy. Niraparib shows a good
tolerability profile with patient-reported outcomes. In
PRIMA trial there were no decrease in health-related
quality-of-life scores, including Functional Assessment
of Cancer Therapy — Ovarian Symptom Index (FOSI),
EuroQol-5 Dimensions (EQ-5D), and European
Organisation for Research and Treatment of Cancer
quality of life questionnaire for ovarian cancer patients
EORTC-QLQ-C30/0V28 questionnaires [4]. Our expe-
rience with niraparib shows excellent tolerability, and our
patients did not complain of drug-related symptoms.

The biggest concern during niraparib treatment
is hematological toxicity leading to dose reduction.
Post-hoc analysis from the preceding NOVA trial
assessing the niraparib efficacy in recurrent ovarian
cancer showed lower body weight and platelet count as
predictive factors for hematologic toxicities and dose
reductions. Based on these findings, the PRIMA trial
protocol was amended to include individualization of
the starting dose. Furthermore, the efficacy was not
decreased in the group with an individualized starting
dose [21].

Since the introduction of niraprab into the clinical
practice, some concerns regarding an increased risk
of developing secondary MDS and AML have been
discussed but with scarce data. In the PRIMA trial, one
patient was diagnosed with MDS in the niraparib group
[4]. Beyond the PRIMA trial, cases of AML and MDS
were seen in patients receiving niraparib in monotherapy
or combined therapy from 0.5 months to more than
4.9 years (in total, 15 cases in 1785 patients). All cases
were secondary MDS/AML in patients receiving chemo-
therapy, including platinum compounds and others
resulting in DNA changes [22]. The latest meta-analysis
of 28 randomized clinical trials from 2021 showed that
PARPi treatment significantly increased the risk of
developing MDS and AML with an incidence of 0.73%

Table 4. Niraparib EAP patients and treatment characteristics

Age 48 44 64 57

HRD Yes No Yes No

BRCA .t Yes No No No

FIGO stage IVA 1A lnc lnc

Surgical intervention Primary debulking Primary debulking Primary debulking Primary debulking
surgery — R1 surgery — RO surgery — R1 surgery — R1

Chemotherapy 6 cycles of CBDCA + PXL 6 cycles of CBDCA + PXL 8 cycles of CBDCA + PXL 6 cycles of CBDCA + PXL

Starting dose 200 mg 200 mg 200 mg 200 mg

Serious adverse events Thrombocytopenia G3 No Anemia G3 No

Dose reduction Yes No Yes No

Treatment time (months) 19 17 17 16

HRD — homologous recombination deficiency; BRCA, , — BRCA mutation;, CBDCA — carboplatin; PXL — paclitaxel
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compared to 0.47% in the placebo group [23]. Another
concern voiced by the European Medicine Agency
(EMA) is the risk of hypertension, as grade 3 or 4 hy-
pertension was reported in 6% of the niraparib group
in the PRIMA trial. Therefore, weekly blood pressure
monitoring is recommended for the first two months
and later monthly for the first year [22].

In our patient, symptoms of double vision raised
concerns about PRES syndrome, a rare reversible neu-
rological disorder presenting with rapidly evolving symp-
toms including headache, seizures, visual disturbance
or cortical blindness, with or without hypertension. Its
etiology is complex, but it was observed after treatment
with many oncological agents like bevacizumab, kinase
inhibitors, gemcitabine and cisplatin. When clinically
suspected, diagnosis is confirmed by MR. PRES dur-
ing niraparib treatment was reported in clinical trials
and post-marketing sources as early as within the first
month. However, the total incidence is expected to be
lower than 0.1%, and no patient was diagnosed with
PRES in the PRIMA trial [22].
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