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Hematologic complications in patients exposed to poly-
ADP ribose polymerase inhibitors 

Poly ADP-ribose polymerase (PARP) inhibitors are a treat-
ment for solid tumors with mutations in BRCA1, BRCA2, or 
other genes conferring homologous repair deficiency.1 PARP 
inhibitors are approved for treatment of platinum-sensi-
tive ovarian cancers, and BRCA1/2 mutated solid tumors, 
including fallopian tube, breast, prostate, pancreatic, and 
primary peritoneal cancers.1-3 
PARP inhibitor trial data, retrospective cohort study, and 
pharmacovigilance analysis demonstrated an increased 
likelihood of therapy-related myeloid neoplasms (t-MN) 
among patients exposed to all PARP inhibitors, partic-
ularly olaparib.4-7 Multiple patient cohorts treated with 
PARP inhibitors describe t-MN incidence in 1.5% to 8.7% of 
patients.5,8,9 These t-MN cohorts largely examine patients 
with primary ovarian cancer, and demonstrate enrichment 
in adverse cytogenetic findings, and poor risk TP53 and 
PPM1D mutations.5,7-11 Outcomes are generally poor even 
for patients without evidence of their treated solid tumor, 
with median overall survival of 4.3 to 18 months.9,11,12

The accumulating evidence for t-MN secondary to PARP 
inhibitor exposure and expanding indications for PARP in-
hibitor treatment results in frequent hematology referrals. 
To inform such referrals, we summarized our institutional 
experience, including clinical data, available germline 
data, laboratory findings, age, duration of PARP inhibitor 
exposure, and outcomes of all patients treated with PARP 
inhibitors who underwent a bone marrow biopsy. 
With approval from our Institutional Review Board (IRB), 
we reviewed institutional records from January 2014 to 
November 2023. We identified 265 adult patients pre-
scribed a PARP inhibitor for any solid tumor indication and 
17 patients who had a bone marrow biopsy after starting 
treatment. We also reviewed our leukemia registry and 
identified 5 patients with blood cancer and prior expo-
sure to PARP inhibitors. All diagnoses used the 2022 ICC 
guidelines.12 We used the Kaplan-Meier method to assess 
overall survival and Student t test to compare peripheral 
blood counts between patients with and without a t-MN. 
We identified 265 patients treated with PARP inhibitors at 
our institution and five referred for management of t-MN 
after PARP inhibitor treatment in community practice; 22 
patients had a bone marrow biopsy performed for cyto-
penias after PARP inhibitor treatment (Figure 1A). Bone 
marrow biopsies were prompted by unexplained sustained 
cytopenias or macrocytosis found in the course of treat-
ment. None of these patients had prior cytopenias sug-
gestive of clonal hematopoiesis (CH) or clonal cytopenias 
of undetermined potential (CCUS), and no next-generation 
sequencing (NGS) was available to inform the presence or 

absence of CH/CCUS prior to cancer-directed therapies. 
NGS described here were obtained from bone marrow 
biopsy samples. Among the 22 patients with biopsies, 
13 (59%) were diagnosed with a t-MN, one (5%) had cy-
tomegalovirus-driven hemophagocytic lymphohistiocy-
tosis (HLH), and one (5%) had a myelophthisic process. 
Excluding patients with an existing t-MN diagnosis, 6.4% 
(17/265) of institutional cohort patients underwent bone 
marrow biopsy. t-MN incidence was 3.0% (8/265) among 
patients with confirmed PARP inhibitor exposure at our 
institution (Figure 1B). Bone marrow biopsy resulted in a 
diagnosis in 59% (10/17), with the remainder attributed 
to therapy toxicity. t-MN was diagnosed in 47% (8/17, 
Figure 1C), including 2 t-CCUS patients, 6 therapy-relat-
ed myelodysplastic syndrome (t-MDS) patients, and one 
therapy-related acute myeloid leukemia (t-AML) patient. 
The clinical and laboratory features of these patients are 
summarized in Table 1 (see Online Supplementary Table 
S1 for t-MN details) alongside those of patients who un-
derwent a bone marrow biopsy without a t-MN diagnosis. 
Compared to the 9 patients without t-MN diagnoses, 
leukocytes were not reduced (P=0.06), but neutrophils 
(P=0.03) and platelets (P=0.02) were lower in the t-MN 
group (Table 1, Figure 1C-F). Median time to t-MN diag-
nosis was 4.75 years from initial solid tumor diagnosis 
(Interquartile range [IQR] 3.68 to 7.95 years) and 1.93 
years from the start of PARP inhibitor therapy (IQR 1.35 
to 4.12 years). The median survival for patients with high-
risk t-MN was 159 days (N=9) and 148 days for patients 
receiving treatment (N=8) (Figure 2A, B). These patients 
were treated with hypomethylating agents in combina-
tion with venetoclax or on clinical trials. None received 
induction with intensive chemotherapy or allogeneic stem 
cell transplant. 
There was no significant difference in age at biopsy, 
number of cytopenias, duration of PARP inhibitor expo-
sure, type of PARP inhibitor, solid tumor diagnosis, or the 
presence of germline mutations between patients with 
and without t-MN (Table 1). The t-MN that developed in 
PARP-exposed patients were enriched for TP53 mutations 
(N=9/13, 69%), as has been reported by others (Figure 
2C).5,7-9 Of these patients, 4 (44% of TP53-mutated and 
31% of the total t-MN cohort) had biallelic TP53 mutations. 
Similarly, among 11 patients with available data, 8 (77%) 
had a complex or adverse-risk karyotype, consistent with 
other studies.7-9 Of the patients who developed a t-MN, 5 
were diagnosed within 60 days of discontinuation of PARP 
inhibitor (Figure 2D). Eight died of their t-MN, 3 died of 
their solid tumor, and 2 are still alive. Patients underwent 
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a diagnostic bone marrow biopsy at time of t-MN diagnosis 
and subsequent biopsies to assess treatment response. 
We hypothesized that germline mutations in BRCA1, BRCA2, 
or other DNA damage response genes would increase 
genomic risk of t-MN development in patients with ger-
mline mutations (Figure 2C). However, no significant 
difference in the distribution of germline mutations was 
observed across patients with t-MN and those without 
t-MN (Table 1). Whether patients with germline mutations 
are at increased risk will require a larger cohort exposure 
analysis. Risk of t-MN with PARP inhibitor treatment is 
present regardless of germline mutational status, which 
is consistent with other single center reports.13

PARP inhibitors increase the risk of CH, so we hypoth-
esized that our cohort would be enriched in patients 
with CH. Except for TP53, our institutional NGS panel 
(Online Supplementary Table S2) found CH-associated 
mutations in only 3 patients with bone marrow biopsies 

(18%). Patient 5, with a germline BRCA2 (p.K1381fs*) mu-
tation, had a clonal del(7q) (3.5% of cells by FISH) and 
no mutations on NGS. A classic CH-associated DNMT3A 
mutation (p.Q816* VAF 7%) was detected in a 45-year-old 
patient with thrombocytopenia and normal bone mar-
row findings (Online Supplementary Table S1). Patient 10 
had a CH-related TET2 mutation (p.S271fs, VAF 31%) on 
diagnosis with t-MDS on rucaparib. Mutations in protein 
phosphatase magnesium-dependent 1 delta (PPM1D) fol-
lowing PARP inhibitor maintenance were found in 39% of a 
separate cohort, but no PPM1D mutations were observed 
in our cohort.11 
Notably, the t-MN in our patient cohort had a low periph-
eral blast burden despite adverse-risk molecular char-
acteristics, making bone marrow evaluation essential for 
t-MN diagnosis in these patients. For patients on PARP 
inhibitors at the time of t-MN diagnosis, peripheral blasts 
ranged from 0 to 5%, with a higher bone marrow blast 

Figure 1. Comparison of clinical features of patients undergoing bone marrow biopsy after poly ADP-ribose polymerase inhibitor 
exposure. (A) CONSORT plot of patients included in this study. (B) Pie plot showing the proportion of patients who did not un-
dergo bone marrow (BM) biopsies (N=248) and patients who underwent BM biopsies (N=17), those with non-hematologic findings 
(N=2), negative biopsy (N=7), and therapy-related myeloid neoplasms (t-MN) (N=8). (C) Pie plot showing diagnoses from BM bi-
opsies: no diagnosis (N=7), hemophagocytic lymphohistiocytosis (HLH) (N=1), myelophthisic process (N=1), therapy-related clon-
al cytopenias of undetermined potential (t-CCUS) (N=2), therapy-related myelodysplastic syndromes (t-MDS) (N=3), t-MDS/acute 
myeloid leukemia (AML) (N=2), and therapy-related AML (t-AML) (N=1). (D) Duration of poly-ADP-ribose polymerase (PARP) expo-
sure in patients with (gold) and without (blue) diagnoses of t-MN. (E) Platelet count in patients with (gold) and without (blue) 
diagnoses of t-MN. (F) Neutrophil count in patients with (gold) and without (blue) diagnoses of t-MN. (G) White blood cell (WBC) 
count in patients with (gold) and without (blue) diagnoses of t-MN. *P<0.05. NS: not significant.
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percentage (0-70%). We noted that Patient 13 presented 
with overt erythroid lineage atypia and a low frequency 
del(5q) clone after six months of olaparib treatment, 
leading to a diagnosis of t-MDS. The initial bone marrow 
noted del(5q) and erythroid hyperplasia and atypia with 
binucleate pronormoblasts and megaloblastoid precur-
sors, both of which resolved on subsequent bone marrow 
biopsies three and nine months following olaparib dis-
continuation (Online Supplementary Figure S1). A similar 
pattern has been reported with PARP inhibitor-associated 
CH, which can regress with drug discontinuation.14,15 
In conclusion, this study reinforces the importance of 
bone marrow biopsy in PARP inhibitor-exposed patients 
with persistent leukopenia, neutropenia, or thrombocy-
topenia, even without the presence of peripheral blasts. 
We found that 6.4% of patients exposed to PARP inhibitors 
underwent bone marrow biopsies and 3.0% developed 
t-MN, including t-AML. These patients were enriched with 
high-risk molecular features, including TP53 mutations and 
complex karyotypes, largely consistent with prior reports 
except for a lack of mutations in PPM1D.5,9,10,15 None of the 

patients in our cohort underwent allogeneic transplant, 
but limited cases on PARP inhibitor t-MN cases and trans-
plant data in TP53-mutated AML/MDS indicate a high rate 
of relapse.12,13 The median survival for our patients with 
high-risk t-MN was 159 days, which is consistent with 
other reports and reflects a dire need for novel treatments 
in TP53-mutated myeloid disease.8-11 TP53 was the only 
molecular alteration in most patients, which supports 
the clonal expansion of either an existing TP53 clone or 
therapy-related mutation. However, the small sample 
size of patients with bone marrow biopsies limited our 
analysis, and lack of available NGS data at onset of PARP 
inhibitor treatment does not rule out clonal expansion of 
existing TP53 hematopoietic clones, perhaps under se-
lective pressure of PARP inhibitor treatment. This cohort 
demonstrates the frequent diagnosis of t-MN despite low 
or absent peripheral blasts, supporting the use of bone 
marrow biopsy in patients with PARP inhibitor exposure 
and unexplained cytopenias. t-MN occurred in patients 
with and without germline mutations, so blood cancer 
risk in PARP-exposed patients is increased regardless of 

Table 1. Laboratory and clinical features of 22 poly-ADP-ribose polymerase inhibitor-exposed patients who underwent bone mar-
row biopsy evaluation for a therapy-related myeloid neoplasm.

Characteristics 
at BM biopsy

Patients diagnosed with blood 
cancer, N=13

Patients without blood cancer 
N=9 P

Leukocyte count, 103/μL (IQR) 3.5 (2.7-5.3) 5.8 (3.4-8.9) 0.06

Median neutrophil count, 103/μL (IQR) 1.5 (0.8-2.5) 3.59 (1.3-6.7) 0.02*

Median hemoglobin, g/dL (IQR) 8.7 (7.5-10.6) 10.2 (7.6-11.4) 0.7

Median MCV, fL (IQR) 91.3 (87.3-113.6) 100.6 (99.6-108.1) 0.5

Median platelets, x109/L (IQR) 51 (40-92) 140 (106-249) 0.02*

Median peripheral blasts, % (IQR) 0 (0-2) 0 (0-0) 0.1

N of cytopenias (IQR) 2.3 (2-3) 1.7 (1-2) 0.17

Median age at first cancer diagnosis, 
years (IQR) 62 (50-65) 56 (50-68) 0.6

Primary tumor type, N (%) 
Ovarian cancer 
Breast cancer 
Prostate cancer 
Pancreatic cancer

9 (69)
1 (8)

2 (15)
1 (8)

8 (89)
1 (11)
0 (0)
0 (0)

0.5

Median age at BM biopsy, years (IQR) 66 (59-72.5) 58 (56-68) 0.65

Known germline mutation, N (%) 8 (61.5) 4 (44.4) 0.4

PARP inhibitor, N (%)
Olaparib
Rucaparib
Niraparib

10 (83)
1 (8)
1 (8)

6 (60)
3 (30)
1 (10)

0.4

Median duration of PARP inhibitor 
exposure, days (IQR) 506 (231-817) 250 (213-639) 0.15

Values in parentheses show the interquartile range (IQR). Student t test was used to compare the two groups. BM: bone marrow; MCV: mean 
corpuscular volume; N: number; PARP inhibitor: poly-ADP-ribose polymerase inhibitor; WBC: white blood cell count. *Denotes statistical sig-
nificance.
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Figure 2. Disease features and outcomes among patients 
diagnosed with therapy-related myeloid neoplasms. (A) 
Survival curve of patients diagnosed with clonal cyto-
penias of undetermined potential (CCUS) (median over-
all survival [mOS] not reached [NR], N=2), low-risk my-
elodysplastic syndromes (LR-MDS) (N=2 mOS NR), and 
high-risk MDS (HR-MDS) or acute myeloid leukemia 
(AML) (mOS 148 days, N=9). Deaths are censored if un-
related to therapy-related myeloid neoplasm (t-MN) 
diagnosis. (B) Survival curve of patients with HR-MDS/
AML who received treatment (mOS 159 days, N=8). (C) 
Co-mutation plot for patients who developed thera-
py-related blood disorders. (D) Swimmer plot for patients 
with t-MN. Patients were divided into CCUS, LR-MDS, 
HR-MDS, and AML. Censored data on Kaplan-Meier (KM) 
plots reflect surviving patients.
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the presence of germline mutations. 
Our findings suggest that further research is needed into 
risk factors for these t-MN and the mechanisms driving 

PARP inhibitor-associated hematologic malignancies, and 
that their clinical use should incorporate evaluation for 
t-MN if chronic cytopenias develop. 
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