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A B S T R A C T   

Poly(ADP-ribose) polymerase inhibitors (PARPi) are FDA approved as frontline maintenance for BRCA-associated 
advanced stage high-grade ovarian cancer (HGOC), having demonstrated an unprecedented improvement in 
relapse-free survival. Myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML) are rare toxicities of 
PARPi. We describe three patients with germline BRCA-associated (gBRCA+) HGOC and alterations in AML 
driver genes. Although none evidenced overt hematologic malignancy, PARPi maintenance was cautiously 
considered given the potential risk of MDS/AML. A better understanding of the role of clonal hematopoiesis in 
the subsequent development of PARPi-associated MDS/AML will improve management of this patient 
population.   

1. Introduction 

Newly diagnosed high-grade ovarian cancer (HGOC) is treated with 
cytoreductive surgery and platinum-based chemotherapy (Moore et al., 
2018). Approximately 70% of patients relapse within 3 years, ultimately 
dying of their disease. Poly(ADP-ribose) polymerase inhibitors (PARPi) 
are approved by the US Food and Drug Administration for HGOC. 
Maintenance PARPi have been shown to significantly reduce the risk of 
progression or recurrence following response to platinum-based 
chemotherapy (Moore et al., 2018). In the frontline setting for patients 
with germline alterations in BRCA1/2 (gBRCA+) HGOC, olaparib was 
associated with 70% lower risk of disease progression/death compared 
with placebo (hazard ratio [HR] 0.3, p < 0.001), and niraparib showed a 
similar benefit (HR 0.43, p < 0.001) (González-Martín et al., 2019; 
Moore et al., 2018). About 15% of HGOC is associated with gBRCA and 
homologous recombination repair deficiency (HRD). In HRD cells, PARP 
proteins are a critical component of DNA repair, acting on single- 
stranded breaks (Tutt et al., 2021). Suppression of PARP results in 

unrepaired single-stranded breaks, ultimately leading to replication fork 
collapse and double-strand breaks. Homologous recombination repair 
and PARP-dependent repair pathways are not independently essential in 
HGOC, but the loss of both leads to cell death (i.e., synthetic lethality). 
Synthetic lethality facilitates selective tumor cell death while mini
mizing toxicity to normal cells. 

PARPi are associated with increased risk of secondary MDS/AML 
(Morice et al., 2021). The mechanism of PARPi-driven leukemogenesis is 
unclear and may be driven by previous chemotherapy exposure. PARPi 
may potentiate clonal hematopoiesis , selecting for clones with acquired 
mutations within the DNA damage response pathway, increasing the 
risk of treatment-related myeloid neoplasms (Bolton et al., 2020). Clonal 
hematopoiesis is the expansion of a clonal population of blood cells with 
one or more somatic mutations and is common in normal aging (Miller 
and Steensma, 2020). In patients exposed to cytotoxic therapy for non- 
myeloid malignancies, the rate of clonal hematopoiesis was 5–10% 
higher than age-matched controls with enrichment for DNA damage 
response pathway alterations. A clonal hematopoiesis clone may 
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progress to clonal cytopenias of undetermined significance, MDS, and 
eventually AML (Fig. 1) (Bowman et al., 2018). Clonal hematopoiesis is 
associated with increased all-cause mortality and double the risk of 
atherosclerotic cardiovascular disease (Miller and Steensma, 2020). 

Although rare, PARPi-associated MDS/AML is lethal. Increased 
baseline risk of MDS/AML poses challenges for frontline PARPi main
tenance. Here we report three cases of patients with HGOC and alter
ations in MDS/AML driver genes (Table 1). gBRCA mutations were 
detected in all patients following cancer diagnosis. The patients had no 
personal or family history of hematologic malignancies. 

2. Case presentation 

2.1. Patient 1 

A 52-year-old woman who presented with a pelvic mass underwent 
optimal primary debulking surgery for stage IIIC HGOC. Family history 
was significant for breast cancer in her mother. Cycle 1 of postoperative 
chemotherapy with carboplatin/paclitaxel was complicated by eosino
philic gastroenteritis, which resolved with steroids. She was found to 
have gBRCA1 mutation and was considered for maintenance PARPi 
post-chemotherapy. 

Hypereosinophilia (white blood cell (WBC) count 15.4 K/uL, eosin
ophils 62%) prompted further hematologic workup. Mutational analysis 
for hypereosinophilia-associated genetic aberrations (e.g., FIP1L1- 
PDGFRA fusion, PDGFRB, and JAK2 mutations) was unrevealing. At the 
time of HGOC diagnosis, she also had thrombocytosis (platelets [Plt] 
992 K/uL) and leukocytosis (WBC 27 K/uL, absolute neutrophil count 
(ANC) 22.3 K/uL). To assess the risk for myeloproliferative neoplasm, 
targeted next-generation sequencing (NGS) on peripheral blood identi
fied a FLT3 A680V variant (variant allele frequency 41.3%). A bone 
marrow evaluation showed FLT3 A680V (variant allele frequency 49%) 
with no other alterations, suggesting a germline heterozygous mutation. 
Flow cytometry and hematopathology were normal. Given negative 
MDS/AML workup and potential progression-free survival (PFS) benefit, 
the patient elected to begin PARPi maintenance. During the short in
terval follow-up of 3-months, she had not experienced toxicity or 

required dose reduction and remains on maintenance olaparib. 

2.2. Patient 2 

A 47-year-old woman with psoriatic arthritis on dexamethasone, and 
family history of HGOC in her mother and breast cancer in a maternal 
aunt, presented with a colonic perforation after colonoscopy. She un
derwent an exploratory laparotomy and was diagnosed with stage IVB 
HGOC. Subsequently, she had multiple surgical resections complicated 
by nonhealing abdominal wounds and bacteremia. She completed 8 
cycles of carboplatin/paclitaxel with peg-filgrastim support. Cycles 3 
and 5–7 were delayed for significant myelosuppression (nadir Plt 5 K/ 
uL, hemoglobin 6.4 g/dL, WBC 3.7 K/uL). Therapeutic heparin for a 
history of superior mesenteric vein thrombus was stopped after cycle 3 
due to thrombocytopenia. Folate supplementation was initiated, given 
significant gastrointestinal complications. Upon hematologic workup, 
NGS on peripheral blood was positive for gBRCA1 and clonal hemato
poiesis with somatic DNMT3A R882C mutation (variant allele frequency 
2.5%). The patient’s blood counts recovered, albeit slowly, after each 
chemotherapy cycle. The hematological derangements were attributed 
to a combination of chemotherapy, inflammation from recent infection, 

Fig. 1. The spectrum of clonal hematopoiesis from pre-neoplastic states to myeloid neoplasms. Pre-neoplastic states: clonal hematopoiesis of indeterminate potential 
(CHIP) is defined by the presence of somatic mutation(s) with variant allele frequency ≥ 2% without cytopenia; clonal cytopenias of undetermined significance 
(CCUS) has both a somatic variant and cytopenias. Myeloid neoplasms: myelodysplastic syndrome (MDS) is characterized by dysplasia (abnormal cellular 
morphology) on a bone marrow exam and peripheral cytopenia; acute myeloid leukemia (AML) further involves the excessive proliferation of blasts (immature 
myeloid cells) with somatic mutations blocking normal hematopoiesis. 

Table 1 
Case characteristics. Germline BRCA1/2 (gBRCA1/2) mutations were detected 
in all patients after cancer diagnosis. Hematologic mutational profile was done 
on peripheral blood +/- bone marrow.   

BRCA 
status 

Hematologic 
mutational profile 

Hematologic 
diagnosis 

PARPi 
maintenance 

Patient 
1 

gBRCA1 FLT3 A680V (VAF 
49%) 

Uncertain Yes 

Patient 
2 

gBRCA1 DNMT3A R882C 
(VAF 2.5%) 

CHIP No 

Patient 
3 

gBRCA2 TET2-G1370V 
(VAF 34%) 
TET2-L1899fs*8 
(VAF 14.2%) 

CCUS No 

VAF, variant allele frequency; CHIP, clonal hematopoiesis of indeterminate 
potential; CCUS, clonal cytopenias of undetermined significance 
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poor nutritional status, and decreased bone marrow reserve. Bone 
marrow evaluation was deferred. She was subsequently diagnosed with 
progressive HGOC and was no longer a candidate for PARPi 
maintenance. 

2.3. Patient 3 

A 57-year-old woman who presented with postmenopausal bleeding 
underwent surgical debulking for stage IIIC HGOC. She was found to 
have gBRCA2 mutation. Family history was significant for breast cancer 
in her mother, pancreatic cancer in her maternal grandmother, and 
prostate cancer in her father and paternal grandfather. She received 
postoperative carboplatin/paclitaxel and bevacizumab. Despite normal 
baseline blood counts, her treatment was complicated by persistent, 
prolonged neutropenia, requiring chemotherapy dose reduction and 
delays. Bone marrow evaluation showed normal cellularity with trili
neage maturing hematopoiesis. Although few erythroid elements with 
dyspoietic changes were seen, MDS diagnostic criteria were not met. 
Molecular analysis was notable for TET2-G1370V (variant allele fre
quency 34%) and TET2-L1899fs*8 (variant allele frequency 14.2%). 
Cytogenetics showed a 20q deletion in 3/20 cells. Flow cytometry was 
negative for B- or T-cell clonal expansion and increased CD34 + blasts. 
These findings were consistent with cytopenias of undetermined sig
nificance. Given this diagnosis, the patient elected to continue close 
observation in lieu of PARPi maintenance. The cytopenias of undeter
mined significance will be monitored with blood counts every 3 months, 
and peripheral blood sequencing in 6 months. 

3. Discussion 

PARPi have transformed the management of advanced HGOC, hav
ing demonstrated significant improvement in PFS (González-Martín 
et al., 2019; Moore et al., 2018). Although overall survival data with 
frontline PARPi maintenance is not yet mature, there is potential for 
enhanced survival and even cure. However, a recent meta-analysis of 28 
randomized clinical trials of PARPi in various cancers, mostly HGOC, 
demonstrated significantly increased risk of MDS/AML compared with 
placebo (OR 2.63, p = 0.026) (Morice et al., 2021). It remains unclear 
whether increased MDS/AML is a result of exposure to prior chemo
therapy and/or PARPi. Data in gBRCA-mutated breast cancer with 
PARPi maintenance was not associated with the same magnitude of risk 
for MDS/AML (Tutt et al., 2021). Since BRCA mutations predispose 
patients to multiple cancer types that generally have an increased 
sensitivity to platinum-based agents, patients with gBRCA-associated 
HGOC are more likely to have undergone treatment with platinum and 
alkylating agents. Platinum chemotherapy specifically appears to cause 
clonal expansion that can lead to leukemia (Coorens et al., 2021). The 
platinum effect is suggested by the difference in the observed rates of 
MDS/AML on PARPi in newly diagnosed vs. relapsed HGOC (<1.5% vs. 
8%) and the 4% rate of MDS/AML in the placebo group with relapsed 
disease (Poveda et al., 2021). Bolton et al failed to show a difference in 
the risk increase of DNA damage response clonal hematopoiesis, which 
can progress to leukemia, in patients on PARPi compared with those 
receiving other systemic therapies or radiation, after accounting for 
cumulative exposure to chemotherapy (Bolton et al., 2020). Yet, when 
studied prospectively, the DNA damage response clonal hematopoiesis 
rate was higher after PARPi exposure compared with the rate after other 
cytotoxic therapies. The median latency period from exposure to PARPi 
to treatment-related myeloid neoplasms following platinum or alkylat
ing agents was 17.8 months, with a median exposure duration of 
9.8 months, compared with the mean latency period of 5.3/5.1 years 
and 4.5/3.8 years for MDS and AML, respectively (Morice et al., 2021). 
Taken together, this would seem to indicate that cumulative exposure to 
chemotherapy in the setting of recurrent BRCA-associated cancers at 
least contributes to predisposition to treatment-related myeloid neo
plasms in patients on PARPi for HGOC. This warrants further 

investigation. 
Treatment-related myeloid neoplasms was a significant concern for 

these three patients with possible baseline risk of hematologic malig
nancy (Table 2). Patient 1 had unexplained hypereosinophilia, throm
bocytosis, leukocytosis, and a FLT3 A680V (variant allele 
frequency 41.3%) alteration in peripheral blood. Bone marrow analysis 
showed FLT3 A680V mutation (variant allele frequency 49%) with 
otherwise normal morphology. FLT3 mutations occur in about 30% of 
AML cases, with the FLT3 internal tandem duplication (FLT3-ITD) 
responsible for 25% of all AML cases (Daver et al., 2019). Scant data 
exist on the significance of FLT3 A680V, an alteration in tyrosine kinase 
domain 1 (TKD1), rather than in TKD2 where most pathogenic FLT3 
non-ITD mutations are found. In vitro, somatic FLT3 A680V resulted in 
auto-phosphorylation of FLT3, demonstrating dysregulated kinase acti
vation and possible oncogenic capacity (Tarlock et al., 2015). Alter
ations with high variant allele frequency (40–60%) are often germline 
but may also be due to clonal hematopoiesis progression, most likely 
presenting as overt hematologic malignancy. Predisposition to AML in 
the context of germline mutations remains poorly understood, and 
cannot be excluded (SONG, 2017). Patient 2 had persistent and pro
longed cytopenias; peripheral blood NGS was positive for clonal he
matopoiesis with somatic DNMT3A R882C mutation (variant allele 
frequency 2.5%). DNMT3A is one of the most frequently mutated genes 
in hematological malignancies (Bowman et al., 2018). DMNT3A muta
tions are highly age-related, commonly present in clonal hematopoiesis 
with an average variant allele frequency of 14.3% and are usually 
benign. Importantly, DNMT3A R882 is a hotspot mutation with a higher 
prevalence in MDS (23%) and AML (58%) compared with the normal 
population. The R882 mutant was shown to act as a dominant-negative 
inhibitor of wild-type DNMT3A in vitro. 

Patient 3 had clonal hematopoiesis with a clinically significant 
missense mutation TET2 G1370V (variant allele frequency 34%) and a 
frameshift mutation TET2 L1899fs*8 (variant allele frequency 14.2%) 
identified on bone marrow evaluation for persistent neutropenia. Re
ported in a range of hematopoietic cancers, TET2 mutations are also 
commonly seen in normal aging and are associated with a modest 
neutropenic effect (− 6.73%, p = 0.017) (Bowman et al., 2018). For 
variant allele frequency > 10%, neutropenic effect (− 9.15%, p = 0.012) 
and thrombocytopenia (− 5.73%, p = 0.033) are increased. This could 
explain neutropenia in our patient; however, the significance of a 20q 
deletion in the absence of bone marrow myelodysplasia is unclear. Ul
timately, the patient was diagnosed with cytopenias of undetermined 
significance, but not MDS, as she had no bone marrow myelodysplasia. 

DMNT3A and TET2 are among the most commonly mutated genes in 
clonal hematopoiesis (Bowman et al., 2018). The absolute risk of clonal 
hematopoiesis progressing to a hematologic neoplasm is between 0.5 

Table 2 
Relevant genes that are frequently mutated in AML (Di Nardo and Cortes, 2016).  

Gene Functional class Functional 
change 

Mutation 
frequency 

Common 
pathogenic 
mutations 

FLT3 Signaling and 
kinase pathway 

Gain of 
function 

~ 30% of 
AML 

FLT3-ITD, 
activating TKD 
point mutations 

DNMT3A Epigenetic 
modification 

Loss of 
function 

~20% of de 
novo AML 

R882 missense 
mutation 

TET2 Epigenetic 
modification 

Loss of 
function 

~30% of 
MDS; 
~10% of 
AML; 
~50% in 
CMML 

Throughout the 
gene 

FLT3, FMS-like tyrosine kinase 3; FLT3-ITD, FLT3-internal tandem duplication; 
TKD, tyrosine kinase domain; DNMT3A, DNA methyltransferase 3A; TET2, Tet 
methylcytosine dioxygenase 2; AML, acute myeloid leukemia; MDS, myelodys
plastic syndrome; CMML, chronic myelomonocytic leukemia 
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and 1% per year. Aging, chemotherapy, and genotoxic stress can serve as 
selective pressures on somatic variants. Although PARPi increases the 
risk of clonal hematopoiesis (Bolton et al., 2020), PARP inhibition also 
has the potential to treat certain clonal hematopoiesis (Maifrede et al., 
2020). Within the DNA damage response pathway, TET2-mutant cells 
downregulated BRCA-mediated homologous recombination and mostly 
relied on the PARP-mediated DNA repair, while DMNT3A-mutant cells 
favored BRCA-mediated homologous recombination repair with down
regulation of the PARP-mediated repair pathway. Consequently, when 
exposed to PARPi in vitro and animal models, TET2-mutants showed 
PARPi-sensitivity, but DMNT3A-mutants were resistant. That said, 
treatment-related AML with a TET2-mutant clone expansion following 
PARPi has also been previously reported (Martin et al., 2020). 

We hypothesize that extensive exposure to platinum and alkylating 
agents contributes to the increased risk of treatment-related myeloid 
neoplasms in the setting of PARPi maintenance in patients with BRCA- 
associated HGOC, who are more likely to have received multiple lines of 
chemotherapy. The causal relationship between PARPi and leukemo
genesis is unclear. An unbiased, systematic evaluation of cumulative 
chemotherapy exposure and the true incidence of MDS/AML in the 
setting of PARPi in patients with BRCA-associated cancer could facilitate 
a better understanding of risk factors that predispose to treatment- 
related myeloid neoplasms. This could help prevent such neoplasms 
by avoiding PARPi in the highest-risk patients, while providing frontline 
PARPi to patients who are most likely to benefit from it. Insufficient data 
exist to make recommendations, and further work is needed to ensure 
that patients who are candidates for PARPi are not prematurely denied a 
potentially curative treatment. 
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