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Abstract

We investigated the occurrence and management of therapy-related hematological
disorders (tr-HDs) in women with epithelial ovarian cancer (EOC) exposed to poly-
ADP-ribose polymerase inhibitors (PARPi), after previous chemotherapy. We ana-
lyzed 130 consecutive EOC patients treated with PARPi at the European Institute of
Oncology, Milan. In line with the literature, overall survival of the entire population
was 37% at 5.5 years (89% were advanced stages). Cell blood counts were collected
prior to start PARPI, at each new cycle and at monthly intervals. Patients displaying
persistent and/or marked hematological abnormalities underwent bone marrow eval-
uation, with cytogenetic and molecular analysis. Nine patients (6,9%) developed tr-
HDs, after a median 22.8 months of PARPi exposure. Two patients died early and
could not be treated. Two patients have no indication for active treatment and are
presently under close hematological monitoring. Five patients underwent chemother-
apy followed, in three cases, by allogeneic hematopoietic transplantation: three
patients are in complete remission of their hematological and gynecological malignan-
cies at 13, 19, and 25 months; the remaining two patients died due to progression of
their hematological disease. We show the potential risk of hematological disorders in
EOC patients treated with chemotherapy and prolonged PARPi therapy. In our series,
tr-HDs incidence was higher compared to recent reports in large series. Our observa-
tions suggest careful monitoring in order to conclusively define, on large series and
prolonged follow-up, the actual risk of tr-HDs in patients under PARPi. Notably,

prompt diagnosis of hematological abnormalities and appropriate management allow

Abbreviations: AL, acute leukemia; ALL, acute lymphoblastic leukemia; allo-HSCT, allogeneic hematopoietic stem cell transplantation; AML, acute myeloblastic leukemia; BM, bone marrow;
CBCs, cell blood counts; CCUS, clonal cytopenia of undetermined significance; CHIP, clonal hematopoiesis of indeterminate potential; CR, complete response; CTCAE, common terminology
criteria for adverse events; DSBs, DNA double strand breaks; EB, excess of blasts; ELN, European Leukemia Network; EOC, epithelial ovarian cancer; FISH, fluorescence in situ hybridization;
HRR, homologous recombination repair; IEO, European Institute of Oncology; IPSS-R, Revised International Prognostic Scoring System; MDS, myelodysplasia syndrome; MDS-U, MDS
unclassifiable; PARP, poly-ADP-ribose polymerase; PARPi, PARP-inhibitors; PB, peripheral blood; PR, partial response; tr-HDs, therapy-related hematological disorders; tr-MNs, therapy-related

myeloid neoplasms.
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1 | INTRODUCTION

Epithelial ovarian cancer (EOC) is the fifth most common cancer
among women, the most fatal among gynecological malignancies? and
commonly diagnosed at an advanced stage.2 Debulking surgery
followed by platinum-based chemotherapy remains the gold standard
treatment.> However, most patients relapse? and most studies
focused on improving rescue for recurrent disease and finding a strat-
egy of effective maintenance therapy to delay subsequent progres-
sion. In the past few years, the poly-ADP-ribose polymerase inhibitors
(PARPI) have been developed as novel and effective anticancer thera-
pies, especially in breast cancer gene (BRCA1/BRCA2) mutation car-
riers. Several clinical trials have shown efficacy of PARPi in EOC, with
significant improvements in progression-free survival in the recurrent
setting. The benefit was demonstrated in both BRCA-mutated
(SOLO2 trial) and BRCA wild-type patients (OV16/NOVA, ARIEL3
trial).*® More recently, SOLO1 trial demonstrated that olaparib main-
tenance therapy reduced the risk of disease progression or death by
70% in patients with newly diagnosed BRCA-mutated EOC.” These
studies have opened a new era in the management of EOC with
approval of PARPi maintenance therapy and multiple PARPi are cur-
rently under evaluation in clinical trials.®”

PARPi exert their anticancerous activity through the so-called
“synthetic lethality” mechanism, which takes place when two non-
lethal defects combine and result in a lethal phenotype.*® Several can-
cer cells, including BRCA-mutated cells, are defective in their capacity
to repair DNA double-strand breaks (DSBs) via the homologous
recombination repair (HRR) pathway. These cancer cells have
increased dependence on PARP to repair their DNA and to divide. For
these defective cells, PARPi may be lethal by triggering “synthetic
lethality.”

Normal cells, proficient in HRR, are able to survive under PARP
inhibition. Nevertheless, also normal cells, particularly those rapidly
dividing, such as hematopoietic cells, might be affected by perturba-
tions in DNA repair processes. Indeed, hematologic toxicities have
been reported as frequent adverse events under PARPi therapy. A
recent meta-analysis showed that the incidence of grade 3 or 4 neu-
tropenia, thrombocytopenia and anemia in patients receiving PARPi
were 32.9%, 15.9% and 9.1%, respectively.! These side effects fre-
quently occur during the first months of therapy and are usually man-
aged with temporary treatment interruptions, dose delays or
reductions. Less is known on late hematologic toxicities. Regular mon-
itoring of blood tests is recommended, with additional investigations,

if hematological toxicities do not resolve after drug interruption.*?"14

achievement of remission from severe hematological complications, at least in most

clinical management, epithelial ovarian cancer, hematological monitoring, PARP-inhibitors,

therapy-related hematological disorders

What's new?

Hematological toxicities frequently occur during the first
months of therapy with PARP-inhibitors (PARPi) and are
usually managed with temporary treatment interruptions.
Less is known on late hematological toxicities. In this retro-
spective study, the authors investigated therapy-related
hematological disorders in women with epithelial ovarian
cancer (EOC) exposed to PARPI, after previous chemother-
apy. They observed an incidence of therapy-related hemato-
logical disorders after prolonged exposure to PARPi that was
considerably higher than that reported in the literature.
However, the results showed that early diagnosis and
prompt treatment of therapy-related hematological disorders
can lead to disease remission of both hematological disor-

ders and gynecological malignancies.

In order to evaluate PARPi long-term hematological complica-
tions, we performed a retrospective analysis on patients treated with
PARPi at the European Institute of Oncology (IEO) of Milan. We
describe the early diagnosis of therapy-related hematologic disorders

(tr-HDs) and their management.

2 | MATERIALS AND METHODS

21 | Patient population

We analyzed 130 consecutive patients treated with PARPi for EOC,
at IEO, between 2010 and 2018. Patients received PARPI inside an
open clinical trial, as compassionate use or after regular approval of
the drug. A few patients were part of double-blind clinical trials; how-
ever, only patients for whom unblinded procedures revealed the
PARPi treatment were included in the present analysis. Patient char-

acteristics and clinical parameters are reported in Table 1.

2.2 | PARPi treatments

Three different PARPi were delivered orally at the following dosages:

(a) olaparib at 800 mg/day (capsule formulation) or 600 mg/day
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TABLE 1 Main clinical features of 130 epithelial ovarian cancer patients treated with chemotherapy followed by poly-ADP-ribose polymerase

inhibitors (PARPi) and those developing therapy-related hematological disorders during PARPi therapy

Characteristics
Median age EOC diagnosis
Histology
Serous carcinoma?®
Endometrioid carcinoma
Clear cell carcinoma
Mixed carcinoma
NOS carcinoma
Grade
High
Intermediate
FIGO stage
|
Il
1]
\Y
BRCA 1/2 germline status
Mutated
Wild type/VUS
Unknown®
Prior CT lines before PARPI
1-2
3-4
>5
Median age at PARPi start
Type of PARPi
Olaparib
Niraparib
Rucaparib
PARPiI therapy
Treatment
Maintenance
Type of prescription
Regular approval/compassionate use
Clinical trial
Open
Double-blind (post unblinded)
Duration of PARPi therapy
Median (months)
< 6 months
7 to 17 months
=18 months
Death
Yes
No

Lost at follow-up

Global cohort (N = 130)
54 (range 33-78)

111 (85%)
5 (4%)
5 (4%)
4 (3%)
5 (4%)
126 (97%)
4 (3%)

5 (4%)
9 (7%)
91 (70%)
25 (19%)

62 (48%)
60 (46%)
8 (6%)

46 (35%)
68 (53%)
16 (12%)
59 (range 34-79)

97 (74%)
23 (18%)
10 (8%)

60 (46%)
70 (54%)

45 (35%)

81 (62%)
4 (3%)

7.5 (range 1-110.8)
51 (39%)
52 (40%)
27 (21%)

44 (34%)
77 (59%)
9 (7%)

Patients with tr-HDs (N = 9)
48 (range 37-66)

8 (89%)

1(11%)

8 (89%)
1(11%)

2 (22%)
5 (56%)
2 (22%)

7 (78%)
2 (22%)

o

(45%)
(33%
(22%

55 (range 40-70)

4
3 )
2 )
7 (78%)
2 (22%)

2 (22%)
7 (78%)

3(33%)

4 (45%)
2 (22%)

22.8 (range 4.1-41.6)
1(11%)
1(11%)
7 (78%)

3(33%)
6 (67%)

Abbreviations: BRCA, breast cancer gene; CT, chemotherapy; EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and Obstetrics;
NOS, not otherwise specified; PARPI, poly-ADP-ribose polymerase inhibitor; tr-HDs, therapy-related hematogical disorders; VUS, variable of uncertain

significance.
20One is a serous peritoneal carcinoma.

Ppatients included in a 2010 clinical trial regardless BRCA status and dead before performing the test.
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(tablet formulation); (b) niraparib at 300 mg/day; (c) rucaparib at
1200 mg/day. All but five patients received PARPi after at least two
previous chemotherapy lines. PARPi was administered as treatment in
partial responders (PR) after platinum-based chemotherapy or as
maintenance therapy in complete responders (CR). All but five
patients received PARPi upon disease relapse. However, up to 46%
patients received PARPi as treatment within international randomized
trials. Among these, 68% received PARPi as monotherapy, whereas
32% in association with an antiangiogenic drug (cediranib) as part of
an open randomized clinical trial for platinum-resistant EOC.'> PARPi
were administered until disease progression or unacceptable toxicity.
Patients receiving PARPi for 218 months were defined long
responders (Table 1). Treatment toxicities were defined and graded
according to the Common Terminology Criteria for Adverse Events
(CTCAE).*¢

2.3 | Hematologic procedures

Peripheral blood (PB) samples were collected prior to start PARPi and
at least monthly, at the beginning of every new cycle. Besides regular
cell blood counts (CBCs), patients displaying persistent and/or marked
hematological abnormalities underwent bone marrow (BM) evaluation
consisting of morphologic, immunophenotypic, cytogenetic and fluo-
rescence in situ hybridization (FISH) analysis. Identification of muta-
tions or alterations of gene expression were performed using the
diagnostic panel Oncomine Myeloid Research Assay. Analyses were
performed using the lonReporter software, applying the last release of
Myeloid workflow (ThermoFisher Scientific).

World Health Organization (WHQ) 2016 Classification was used
to define myelodysplastic syndrome (MDS) and acute leukemias
(AL) subtypes'”: for MDS prognostic score, we used the Revised Inter-
national Prognostic Scoring System (IPSS-R)!®; for AL, the European
Leukemia Network (ELN).}? Hematological procedures were per-
formed according to internal institutional diagnostic and clinical

guidelines.

24 | Statistical methods

Descriptive statistics were performed to report data related to

patients’ demographics, clinicopathological characteristics and
treatments.

3 | RESULTS

3.1 | Clinical features of the whole cohort and of

patients developing tr — HDs

The main clinical features of the 130 EOC patients treated with PARPi
are shown in Table 1. Most patients presented with advanced Interna-

tional Federation of Gynecology and Obstetrics (FIGO) stage and

serous (85%) high-grade (97%) carcinomas. Consistent with the litera-
ture data, the overall survival of the entire population was 37% at
5.5 years (range 1.1-16.2) since diagnosis.2’ Germline BRCA1/2 muta-
tions were present in approximately half of the patients. The majority
was heavily pretreated prior to start PARPi. Nine patients of our
cohort developed tr-HDs and their main clinical features reproduced
those of the whole series (Table 1): 7 (78%) had an advanced EOC at
diagnosis, 4 (45%) received two lines of chemotherapy before starting
PARPi, 3 (33%) between three and four lines and 2 (22%) received at
least five lines. Interestingly, 7 patients (78%) were BRCA1/2 mutated
compared to 48% in the whole series.

All patients developing tr-HDs received platinum and taxane ther-
apy as first-line chemotherapy as well as platinum-based subsequent
lines before PARPi. Overall, tr-HDs occurred in 7 patients under
olaparib, 2 under rucaparib and none under niraparib. Except for one
patient who received olaparib in association with antiangiogenic
agent,*® all received PARPi as monotherapy for a median of
22.8 months (range 4.1-41.6) with 7 (78%) that took the drug for
more than 18 months (long responders). The median time between
first-line chemotherapy and development of tr-HDs was 7.7 years
(range 4.5-16).

3.2 | tr— HD diagnosis clinical
presentation,management and responses

In all cases, persistence of hematological abnormalities was the
main reason for referring patients to hematologic consultation. Six
patients (67%) showed moderate though persistent cytopenia for
at least 30 days despite PARPi interruption, 2 patients were
referred after 15 days of PARPi withdrawal due to rapid and severe
decline in platelet counts (CTCAE grade 4, <25.000/mm?), the last
patient was immediately hospitalized due to the presence of blasts
in her PB on the start day of the cycle (Table 2). Overall, hemato-
logical abnormalities consistent with a diagnosis of tr-HD were
detected in 9 out of 130 patients (6.9%) receiving PARPi treat-
ments after chemotherapy.

One patient was diagnosed with clonal cytopenia of
undetermined significance (CCUS) and five with MDS: four had MDS
with excess of blasts (EB), three EB2 (BM blasts 10-19%) and one EB1
(BM blasts 5-9%) and were high-risk disease according to IPSS-R
score, one had an MDS unclassifiable (MDS-U, IPSS-R score interme-
diate). Acute myeloblastic leukemia (AML) was diagnosed in two other
patients (one AML-FAB M6 and one AML with myelodysplastic-
related changes [MRC]), while one patient had a diagnosis of acute
lymphoblastic leukemia (ALL), FAB L3. From a cytogenetic and molec-
ular point of view, five patients showed del(5q)/—5 or del(7q)/-7,
three had a complex karyotype and five carried a TP53 mutated gene
(Table 2).

After tr-HD diagnosis, all patients stopped PARPI, with the excep-
tion of the patient with CCUS.

Two patients died few days after MDS-EB2 diagnosis because of
a massive brain hemorrhage and rapid EOC progression, respectively.
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displaying CBCs abnormalities under PARPI after previous exposure
to chemotherapy.

In our series, all but two patients displayed the cytogenetic fea-
tures most commonly observed in tr-MNs secondary to alkylating
agents, as recently described.?? Indeed, we documented chromosome
5 (del(5q)) and/or loss of either part or all chromosome 7 (del(7q) or
—7), complex karyotypes and TP53 mutations. Both PARP1 and p53,
shown to directly interact, have the ability to bind DNA broken ends,
acting as potential sensors and signaling molecules for the detection
of DSBs. It has been shown that after increased PARP1-dependent
poly(ADP-ribosyl)ation, P53 mutants actually bind with enhanced effi-
ciency to broken DNA ends.?® Considering the tight interplay
between these two proteins, it is reasonable to believe that they are
crucial for the maintenance of genomic stability and, hence, that PARP
inhibition in TP53 mutated hematopoietic cells, as in our clinical con-
text, may contribute to leukemogenesis. However, it is difficult to dis-
criminate the role of combination of PARPi with previous treatments
in the development of cytogenetic abnormalities leading to develop-
ment of tr-HDs. In fact, all nine patients developing tr-HDs received
extensive chemotherapy preceding PARPi, with five of them having
received three or more previous lines of chemotherapy.

Therapy-related hematological disorders incidence after treat-
ment with PARPi vary between 1.1% and 1.5%: 1.5% with olaparib,
1.4% with niraparib and 1.1% with rucaparib.*>** However, data on
incidence, management and long-term survival rates are limited. In our
small series, the tr-HDs incidence rate of 6.9% after olaparib and
rucaparib (7% and 20% of treated patients, respectively) is definitely
higher compared to the one observed so far in large patient
populations. Intriguingly, despite equally heavy pretreatment, no tr-
HDs were observed after niraparib, although all three PARP inhibitors
exhibit highly similar hematological toxicity. However, the numbers of
our cohort are too small to infer differences in the leukemogenic
potential of the different PARPi. Proper prospective studies are
needed to answer this question. We do not know to what extent
platinum-based chemotherapy, other chemotherapeutic drugs or their
combination with PARPi contributed to the development of tr-HDs.
In fact, we have not been able to assess whether the cytogenetic
alterations and genetic variants were already present before starting
PARPi treatment. We only know that CBCs were sufficiently ade-
quate to start the treatment. Thus, the present report urges additional
studies to define the real risk of tr-HDs development in patients with
prolonged PARPI therapy and previous chemotherapy exposure.

Importantly, all but one patient were BRCA1/2 mutated (89% vs
50% in the global population) as well as heavily pretreated and, there-
fore, likely carriers of complex mutational landscapes with potential
simultaneous targeting of multiple DNA repair pathways. In this set-
ting, PARPi may be harmful by triggering, through “synthetic lethality”
mechanisms, leukemic transformation.

The average time to PARPi exposure in patients developing tr-
HDs was more than three times longer compared to the duration to
PARPi exposure in the whole population (22.8 vs 7.5 months, respec-

tively). This suggests that tr-HDs development might represent a late

complication in patients lengthily treated with drugs interfering in
DNA repair mechanisms. This is of particular concern with the PARPi
currently in use, which lack selectivity and result in simultaneous inhi-
bition of several PARP isoforms. Indeed, sustained inhibition of PARP
in PARP-1/PARP-2 double-deficient mice results in impaired T-cell
homeostasis and immune response, accumulation of spontaneous
DNA damage in T-cells and development of lymphomas with long
latency.2* This might explain our finding of tr-HDs occurrence after
prolonged PARPi exposure.

Despite increasing use of PARPI for treatment of a variety of can-
cers, no biological factors that might favor the development of hema-
tological abnormalities in patients under PARPi therapy have been
described. Clonal hematopoiesis of indeterminate potential (CHIP) is
associated with an increased risk of developing blood cancer, in par-
ticular MDS/AML, and it likely represents a precancerous clonal
expansion with a high potential to progress to malignant hematologi-
cal diseases.?®> Currently, there are no published data addressing the
relationship between DNA damaging agents, such as PARPi, and
CHIP. In this view, we recently launched at our center a prospective
biological study in order to identify possible genetic abnormalities
associated with an increased risk for the development of tr-HDs after
treatment with PARPI, including analysis of mutations in genes
involved in CHIP. This might offer some new tools to stratify patients
based on their risk and to perform genetic counseling, aimed to the
proper assessment of both efficacy and potential side effects of
PARPI therapy.

In summary, our study indicates the potential risk of severe hema-
tological toxicity in EOC patients treated with chemotherapy and sub-
sequently exposed to prolonged PARPi therapy. These patients need
careful hematological monitoring. The management of tr-HDs in
patients under PARPI is quite complex. However, prompt and ade-
guate treatment can lead to disease remission of both hematological

and gynecological malignancies.
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