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Abstract

Background: Predicting serious hematological adverse events (SHAEs) from poly (adenosine diphosphate ribose) polymerase
inhibitors (PARPis) would allow us to prioritize patients with ovarian cancer at higher risk for more intensive care, ultimately
lowering morbidity and preventing them from premature termination of medication.

Objective: This study aimed to explore the risk factors for SHAEs in patients with ovarian cancer receiving PARPi treatment
and develop a risk prediction model for such events.

Methods: Prospective clinical data were collected on patients with ovarian cancer who received PARPi treatment at the Guangxi
Medical University Affiliated Tumor Hospital from December 2018 to August 2024. They were divided into a SHAE group and
a no-SHAE group based on the occurrence of SHAEs. Variable differences were screened using the chi-square test or Fisher
exact test. Multivariate logistic regression was used to determine independent factors influencing SHAEs in patients with ovarian
cancer. A predictive model for serious blood-related complications in ovarian cancer treatment was developed from identified
independent risk factors using the R software. The model’s clinical utility was assessed through decision curve analysis (net
benefit), calibration (calibration curve), and discrimination (receiver operating characteristic curve).

Results: A total of 70 patients with ovarian cancer receiving PARPi treatment were included in this study. Of these 70 patients,
16 (23%) experienced SHAEs, with decreases in red blood cell (RBC) count and hemoglobin levels being the most common.
Multiple logistic regression analysis identified 4 independent predictors of PARPi-associated SHAEs in patients with ovarian
cancer: lymph node metastasis (odds ratio [OR] 6.733, 95% CI 1.197-37.873; P=.03), creatinine clearance rate of ≤60 mL per

minute (OR 23.722, 95% CI 3.121-180.303; P=.002), RBC count of ≤3.3×1012 per liter (OR 4.847, 95% CI 1.020-23.041; P=.047),
and combination therapy with vascular endothelial growth factor inhibitors (OR 6.749, 95% CI 1.313-34.689; P=.02). The internal
validation yielded an area under the curve of 0.874 (95% CI 0.793-0.955), indicating moderate clinical utility and accuracy for
the risk prediction model incorporating these predictors.

Conclusions: Lymph node metastasis, creatinine clearance rate of ≤60 mL per minute, RBC count of ≤3.3×1012 per liter, and
combination therapy with vascular endothelial growth factor inhibitors are independent risk factors for PARPi SHAEs in patients
with ovarian cancer. The risk prediction model established based on these factors demonstrated moderate predictive value.

(JMIR Med Inform 2025;13:e72994) doi: 10.2196/72994
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Introduction

Background
Ovarian cancer is the most aggressive gynecologic malignancy.
Most patients with ovarian cancer are diagnosed in later stages
due to unclear early symptoms and its anatomical location deep
in the pelvis. Even after surgery, it is still prone to recurrence
and metastasis, which has a serious impact on women’s lives
and health. Approximately 70% of patients still experience
recurrence and develop chemotherapy resistance within 3 years
after initial treatment despite showing sensitivity in the early
stages of chemotherapy [1,2]. Given the frequent and rapid
development of chemotherapy resistance in ovarian cancer,
there is an urgent clinical need to identify new treatment options.
High-level medical evidence shows that poly (adenosine
diphosphate ribose) polymerase inhibitors (PARPis) can
interfere with the base excision repair pathway, block the DNA
single-strand break repair of tumor cells, form a “synthetic
lethal” effect in tumor tissues that cannot undergo DNA
double-strand repair due to homologous recombination repair
deficiency (HRRD), promote tumor cell apoptosis, effectively
prolong the platinum-free interval of patients with ovarian
cancer, and provide a new treatment option for patients who
cannot tolerate chemotherapy in the late stage [3]. Germline
mutations in the BRCA1 and BRCA2 genes, which are ovarian
cancer susceptibility genes, are common causes of HRRD.
Therapeutic benefits of PARPis have been observed in patients
with cancer carrying germline mutations in the BRCA1 and
BRCA2 genes, particularly for ovarian cancer cases [4]. In terms
of safety, serious adverse reactions to PARPis are mainly
manifested in hematological toxicity and are most likely to lead
to drug reduction, interruption, or even discontinuation, seriously
hindering the normal treatment process of patients with ovarian
cancer and causing adverse effects on their long-term prognosis
[5,6]. Therefore, identifying serious hematological adverse
events (SHAEs) related to PARPis in advance is particularly
important in clinical diagnosis and treatment practice.

Objectives
This study aimed to explore the risk factors for SHAEs in
patients with ovarian cancer receiving PARPi treatment and
develop a risk prediction model to guide personalized treatment
and care for patients with ovarian cancer to achieve the best
survival benefits.

Methods

Study Design
This open-label, prospective cohort study was designed to
evaluate the incidence of SHAEs in patients with ovarian cancer
receiving PARPi treatment in routine clinical situations and
determine the variables linked to the emergence of these
reactions. This study included patients aged ≥18 years with
histologically proven ovarian, fallopian tube, or primary
peritoneal cancer who received care at the Guangxi Medical
University Affiliated Tumor Hospital from December 2018 to
August 2024. All participants (or their legal representatives)
provided informed consent, and all had been treated with

PARPis for a minimum duration of 6 weeks in any treatment
line. The exclusion criteria were the participants’ or the
responsible family members’ withdrawal of permission to take
part in the research at any time or PARPi discontinuation due
to disease progression or death.

Study Procedures and Assessments
Participants were followed up on on-site or contacted via
telephone calls at least once a month to inquire about the
incidence of any untoward effect from PARPis from initiation
until they completed their treatment, were lost to follow-up, or
died between December 2018 and August 2024. Patients were
evaluated for treatment-related hematological indicators and
imaging of tumor lesions every 2 to 3 treatment cycles. Any
hematological adverse event (including time of occurrence,
severity, and prognosis) was also included in the data recording.
When to stop treatment in case of an adverse event was decided
by the attending physician.

The safety data were collected using the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 5.0. Depending on whether there were SHAEs during
the follow-up period, the patients were split into 2 groups: the
SHAE group and the no-SHAE group. SHAEs are defined as
hematological adverse events of a grade of ≥3, including
thrombocytopenia, leucopenia, neutropenia, erythropenia,
decreased hemoglobin, anemia, myelodysplastic syndrome, and
acute myeloid leukemias. If none of the aforementioned SHAEs
occurred, patients were included in the no-SHAE group. In
addition, when a single report contained multiple adverse events,
if any of the aforementioned serious adverse events occurred,
patients were included in the SHAE group.

The outcomes of each patient were assessed by combining the
Response Evaluation Criteria in Solid Tumors version 1.1 and
the Gynecologic Cancer Intergroup criteria, including disease
control rate (DCR), partial response, stable disease, and
progressive disease.

Establishment of the Nomogram Model
General clinical characteristics of patients before PARPi
treatment, including age, BMI, marital status, pathology type,
previous antitumor therapies, lymph node metastasis, distant
metastasis, and number of distant metastases, were collected.
Univariate analyses were conducted for each parameter using
the chi-square test or Fisher exact test, as appropriate. Variables
with a significance level of P<.20 in the univariate analysis
were included in the subsequent multivariate logistic regression
analysis using a backward elimination approach (removal
criterion: P>.05 based on the Wald statistic) to identify
independent risk factors for SHAEs during PARPi treatment in
patients with ovarian cancer. For all binary categorical variables
(eg, lymph node metastasis), the reference category was
explicitly set to the negative group (coded as 0) to ensure
clinically intuitive interpretation of odds ratios. Statistical
analyses were conducted using SPSS (version 23.0; IBM Corp).
Subsequently, the final multivariate model was imported into
the R software (version 4.2.2; R Foundation for Statistical
Computing), and the rms software package was used to construct
a nomogram for predicting the risk of SHAEs.
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Validation of the Nomogram Model
By charting the receiver operating characteristic (ROC) curve
and computing the area under the curve (AUC), the
differentiation of the model was assessed. To confirm the
model’s consistency, a calibration curve was created by
contrasting the projected and actual probabilities of SHAEs.
The clinical usefulness of the prediction model was assessed
using decision curve analysis. To quantify the net benefit at
various threshold probabilities, decision curve analysis compares
the model’s performance to 2 reference lines: one that assumes
that all patients experience SHAEs and receive the intervention
(which represents the highest clinical cost) and one that assumes
that no patients receive the intervention (which represents no
clinical benefit).

Statistical Analysis
Data were analyzed using SPSS (version 23.0). Categorical
variables are presented as frequencies and percentages and were
compared using the chi-square test or Fisher exact test, as
appropriate. Cases categorized as “unknown” were excluded
from the analysis to ensure validity and minimize potential bias.
In the tables, variables with missing data are marked with a
footnote symbol, indicating that these cases were excluded. For
variables with a high proportion of missing values (≥50%), no
statistical comparisons were conducted, and P values are denoted
using an em dash (ie, not applicable).

Survival outcomes were assessed using the Kaplan-Meier
method. To evaluate the association between the occurrence of
serious hematological toxicity and clinical efficacy, a
comparative analysis of progression-free survival (PFS) was
conducted between participants who experienced any
hematological adverse events of a grade of ≥3 during the
treatment period and those who did not. The 2 groups were
compared using the log rank test. Time-to-event end points
specific to hematological adverse event occurrence were
analyzed using survival analysis. The primary end point was
time to first onset of hematological adverse events of a grade
of ≥3, and secondary end points included time to first onset of
any-grade hematological adverse events. The event was defined
as the first documented occurrence of a hematological adverse
event (including anemia, neutropenia, and thrombocytopenia)
meeting the specified severity grade. Data from patients who
did not experience an event were censored at the date of their
last follow-up. The cumulative probability of each end point
was estimated using the Kaplan-Meier method and visualized
via Kaplan-Meier curves.

The associated factors influencing SHAEs following PARPi
medication were examined using a multivariate logistic

regression model, and a prediction model was created. The ROC
curve was used to verify the model’s prediction ability, and the
AUC was calculated. The degree to which the prediction model
fit the data was assessed using the Hosmer-Lemeshow test. The
difference was considered statistically significant if P<.05.

Ethical Considerations
The protocol for this study was approved by the Ethics Review
Board of Guangxi Medical University Affiliated Tumor Hospital
(KY2023772). All procedures were conducted in accordance
with the ethical standards of the Declaration of Helsinki and
local regulations. Written or verbal informed consent was
obtained from all participants (or their legal guardians) before
their inclusion in the study.

To ensure participant privacy and confidentiality, all personal
information was handled with strict adherence to our ethical
protocols. Data collection forms were anonymized and stored
separately from any personal identifiers. Access to the original
dataset was restricted to authorized research personnel only.
Throughout the data analysis and publication process, all
participant data were de-identified to prevent any possibility of
tracing back to individuals. Specifically, all direct personal
identifiers (such as names, patient ID numbers, and detailed
contact information) were removed from the research dataset.

Results

Overview
Figure 1 shows the study sample recruitment. Of the 244 patients
with ovarian cancer surveyed at baseline, 115 (47.1%) were not
eligible for follow-up due to refusal. Of the 129 participants
receiving PARPi treatment, we excluded 59 (45.7%) for the
following reasons: 53 (90%) did not return for any follow-up
visit and could not be reached for the entire study duration, 4
(7%) received treatment for <6 weeks, and 2 (3%) did not take
their medications according to the instructions. As a result, the
total sample size for the analysis was 70 patients.

The follow-up period lasted a median of 12 (IQR 7-24) months.

Of the 70 patients with ovarian cancer treated with PARPis, 16
(23%) experienced hematological adverse events of a grade of
≥3 and were classified as the SHAE group, and the 54 (77%)
remaining individuals were categorized as the no-SHAE group.
After the clinical characteristics of the individuals in the 2
groups were analyzed, the findings (Multimedia Appendix 1)
demonstrated that there were statistically significant differences
in creatinine clearance rate (Ccr), red blood cell (RBC) count,
and response to 6-week treatment among the groups (P<.05).
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Figure 1. Flow diagram of this study. OC: ovarian cancer; PARPi: poly (adenosine diphosphate ribose) polymerase inhibitor.

Assessment of Effectiveness and Prognosis
Treatment response was assessed in all study patients through
combined application of the Response Evaluation Criteria in
Solid Tumors version 1.1 and the Gynecologic Cancer
Intergroup criteria. The results showed that progressive disease
developed in 56% (39/70) of the patients, stable disease
developed in 44% (31/70) of the patients, and partial response
developed in 0% of the patients. A DCR was present in 44%
(31/70) of the entire population. A significant difference was

not found in PFS between the SHAE group and the no-SHAE
group according to the results of a Kaplan-Meier survival
analysis conducted for PFS in the 2 groups (P=.82), and the
median PFS was 13.0 (IQR 0.0-38.4) months and 24.0 (IQR
19.2-28.8) months, respectively (Figure 2).

Further analysis of the relationship between SHAEs in patients
with ovarian cancer and the efficacy of PARPis did not reveal
any association between the early occurrence of SHAEs related
to PARPi hematological toxicity and antitumor efficacy (Table
1).
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Figure 2. Progression-free survival (PFS) compared between participants who experienced serious hematological adverse events (SHAEs) and those
who did not.

Table 1. Disease control rates (DCRs) and absolute frequencies by adverse event experiences.

P valueDisease control, n (%)Total, nTime before initial event (mo)

.43Adverse events

5 (62.5)8≤1

13 (40.6)32>1

.30Serious hematological adverse events

3 (60.0)5≤1

3 (27.3)11>1

Presentation of Hematological Adverse Events in
Patients
The spectrum and classification of hematological adverse events
are shown in Table 2. Erythropenia and decreased hemoglobin
showed the highest incidence regardless of severity. Figure 3

illustrates the onset time of hematological adverse events during
PARPi treatment. All-grade hematological adverse events had
a median onset time of 12.0 (IQR 6.5-17.468) months, whereas
hematological adverse events of a grade of ≥3 manifested later
(median onset time 41.0, IQR 29.3-52.7 months).
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Table 2. Incidence and types of hematological adverse events (N=70).

Total, n (%)Grade ≥3, n (%)Grade <3, n (%)

40 (57)17 (24)23 (33)Any hematological adverse event

15 (21)10 (14)5 (7)Thrombocytopenia

20 (29)8 (11)12 (17)Leucopenia

15 (21)8 (11)7 (10)Neutropenia

28 (40)12 (17)16 (23)Erythropenia

28 (40)13 (19)15 (21)Decreased hemoglobin

17 (24)11 (16)6 (9)Anemia

0 (0)0 (0)0 (0)Myelodysplastic syndrome

0 (0)0 (0)0 (0)Acute myeloid leukemias

Figure 3. Time to first onset of hematological adverse events―(A) time to all-grade hematological adverse events; (B) time to (serious) hematological
adverse events of a grade of ≥3.

Multifactor Logistic Regression Analysis of Factors
Affecting SHAEs
To further investigate the pertinent factors influencing the
occurrence of SHAEs, variables with P<.20 in Multimedia
Appendix 1. were included in the multivariate logistic regression

analysis, and the results (Table 3) showed that lymph node

metastasis, Ccr of ≤60 mL per minute, RBC count of ≤3.3×1012

per liter, and combined therapy with vascular endothelial growth
factor inhibitors (VEGFis) were risk factors influencing the
occurrence of SHAEs (P<.05).
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Table 3. Multivariable logistic regression analysis with backward elimination for predicting poly (adenosine diphosphate ribose) polymerase inhibitor
(PARPi) serious hematological adverse events.

P valueORa (95% CI)B

.036.733 (1.197-37.873)1.907Lymph node metastasis

.00223.722 (3.121-180.303)3.166Ccrb≤60 mL per min

.0474.847 (1.020-23.041)1.578RBCc count≤3.3×1012 per liter

.026.749 (1.313-34.689)1.909PARPis combined with VEGFisd

aOR: odds ratio.
bCcr: creatinine clearance rate.
cRBC: red blood cell.
dVEGFi: vascular endothelial growth factor inhibitor.

Development and Assessment of the Nomogram Model
A nomogram model was developed using the R software to
forecast SHAEs after receiving PARPi medication based on the
findings of the multifactor analysis (Figure 4). The ROC curve
was developed to evaluate this model’s predictive ability. With
an AUC of 0.874, the nomogram model showed great predictive
ability and consistency (Figure 5A). The ROC curve derived
from bootstrap resampling maintained consistent stability in its
positional trajectory (Figure 5B), suggesting that this
phenomenon is more likely attributable to sample distribution
and class imbalance issues common in small datasets rather
than overfitting. The Hosmer-Lemeshow test was used to assess
the model’s goodness of fit. According to the findings, the
nomogram model developed in this study had a goodness of fit
with a P value of .36. The model demonstrated moderate
calibration (mean absolute error=0.061), with observed versus
predicted risks aligning closely across deciles (Figure 5C).
Decision curve analysis (Figure 5D) was conducted to evaluate

the clinical utility of our risk prediction model. The curve
demonstrates that the model yielded a positive net benefit at
threshold probabilities ranging from 0% to 70%, suggesting
that it can be safely applied to guide clinical interventions within
this range. However, when the threshold probability exceeds
70%, the net benefit turns negative, indicating that the
model-based decision strategy underperforms the “treat none”
strategy (reference line net benefit=0) in this high-threshold
range. This limitation may stem from either (1) an insufficient
number of high-risk patients in the training dataset, leading to
distributional bias and unreliable predictions in high-probability
intervals; or (2) inherent inaccuracies in the model’s predictions
for extreme-risk subgroups. Therefore, for patients within the
high-threshold range (threshold probability>70%), additional
confirmatory screening (eg, imaging examinations) or closer
clinical monitoring should be prioritized to enhance decision
accuracy rather than relying solely on this model to justify
high-risk interventions.
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Figure 4. Nomogram predicting hematological adverse events (grade ≥3) in patients with ovarian cancer treated with poly (adenosine diphosphate
ribose) polymerase inhibitors. Ccr: creatinine clearance rate; RBC: red blood cell; SHAE: serious hematological adverse event; VEGFi: vascular
endothelial growth factor inhibitor.

Figure 5. Calibration and clinical use of a diagnostic nomogram for predicting poly (adenosine diphosphate ribose) polymerase inhibitor serious
hematological adverse events—(A) receiver operating characteristic (ROC) curve of the nomogram; (B) bootstrap ROC curve of the nomogram; (C)
calibration curve of the nomogram; (D) decision curve analysis of the nomogram.
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Discussion

Principal Findings
During the treatment process with PARPis, most patients will
experience varying degrees of adverse reactions, mainly mild
or moderate, most commonly manifested as hematological
adverse events, gastrointestinal adverse events, and fatigue.
Most of the adverse events of a grade of ≥3 are hematological
adverse events, which are the main reasons for adjusting drug
dosage and interrupting and terminating medication, with a
discontinuation rate of 27% [7-9]. SHAEs may also be
associated with life-threatening declines in organ function and
quality of life and even fatal outcomes. This study found that
patients who experienced SHAEs showed a trend toward worse
PFS than those without SHAEs (median 13.0, IQR 0.0-38.4
months vs median 24.0, IQR 19.2-28.8 months; P=.82); although
no statistically significant difference was found, these toxicities
still require early detection and proper management.

However, a previous study found that patients who experienced
hematological adverse events while receiving PARPi treatment
had much higher survival and response rates than those who
did not experience toxicity. This finding may be connected to
PARPis’ extensive cell dispersion [10]. Early adverse events
related to PARPi hematological toxicity have been linked to
antitumor activity, which may be a reliable and readily
quantifiable clinical indicator in patients with ovarian cancer.
In this study, although patients who developed hematological
adverse events of a grade of ≥3 within the first month of PARPi
treatment appeared to exhibit a higher DCR, this difference did
not reach statistical significance. Conversely, the early efficacy
of PARPis showed an inverse relationship with their associated
hematological toxicities. Compared with patients who
experienced SHAEs during treatment, patients who did not
experience SHAEs showed higher DCR (94.4% vs 68.8%;
P=.02) in the early stages of treatment (within 6 weeks), which
may be due to the longer median time to onset of hematological
adverse reactions of a grade of ≥3 reported in this study (median
41.0, IQR 29.3-52.7 months). Furthermore, it cannot be ruled
out that the small-sample bias may have an impact on the
research results. Although logistic regression analysis did not
show that early efficacy could predict SHAEs related to PARPis,
we still recommend closely monitoring relevant indicators for
patients with poor early treatment response (within 6 weeks) to
identify and intervene in adverse events early.

Of the 70 patients in this analysis, 16 (23%) experienced
SHAEs, with a median time to onset of 41.0 months (IQR
29.3-52.7 months). In addition, 57% (40/70) experienced
all-grade hematological adverse events, with the main onset
time window falling between 7.4 and 26.6 months. The
hematological adverse events of the patients in this study were
mostly erythropenia and decreased hemoglobin regardless of
severity, which was comparable to those found in previous
research. Therefore, it is recommended that routine blood
testing, especially RBC count and hemoglobin, be strengthened
from the second year of patient medication. If necessary,
preventive medication should be administered.

Lymph node metastasis was found to be an independent factor
influencing the incidence of hematological adverse events using
multivariate logistic regression analysis. Previous studies have
demonstrated that patients with advanced solid tumors
experience less tolerance to treatment. Lymph node status is
not only a part of the International Federation of Gynecology
and Obstetrics staging system for ovarian cancer but also an
established prognostic factor in ovarian cancer [10-13]. A
13-year retrospective analysis suggests that, when it comes to
patients with ovarian cancer, the lymph node ratio (calculated
as the number of positive lymph nodes divided by the total
number removed) is a more reliable prognostic indicator than
the standard lymph node status [14]. As a result, PARPi users
with lymph node metastasis in any pathological stage should
be considered for further evaluation.

Previous studies have identified an association between PARPi
dose and adverse events [9]. PARPis are predominantly
eliminated via the kidneys. In clinical practice, creatinine and
Ccr are used as markers to determine the glomerular filtration
rate and functional parameters to assess renal function in
patients. Patients with renal dysfunction are more likely to
experience excessive accumulation of the drug or its active
metabolites, which could result in severe adverse events. In
general, low Ccr consistently appears to be a risk for drug
adverse events, especially for drugs primarily excreted through
the kidneys, and from the results of our study, this remains true
for SHAEs related to PARPis. It is worth noting that elevated
serum creatinine is a frequent adverse reaction to PARPis
reported in previous studies [15-17], although most studies have
shown that elevated serum creatinine may be caused by the
inhibition of renal transporters but not accurately reflect a
decline in glomerular filtration rate or renal failure [15,18].
Given the findings of this study, it is still advised that PARPi
users with a Ccr of ≤60 mL per minute be routinely monitored.

This study found that an RBC count of ≤3.3×1012 per liter was
a risk factor for SHAEs related to PARPis. The most plausible
explanation for the association between erythrocyte reduction
and hematological toxicity is impaired bone marrow reserve.
Immature platelet fraction serves as an accurate hematological
marker for assessing bone marrow function. However, as
baseline immature platelet fraction testing is not routinely
conducted in patients with ovarian cancer receiving PARPis at
our institution, this study conducted a comprehensive evaluation
of bone marrow reserve using indicators including RBC count,
platelet count, hemoglobin, platelet-large cell ratio, mean
corpuscular volume, and lactate dehydrogenase. Chi-square
tests and multivariate logistic regression analysis revealed that
none of the aforementioned parameters—except for RBC
count—demonstrated a significant correlation with
PARPi-related hematological adverse events. Insufficient
evidence was found to support the hypothesis that SHAEs
related to PARPis are primarily mediated by impaired bone
marrow function. Instead, our findings may be better explained
by the research by Molina et al [19] and Mehibel et al [20],
which explores the association between the tumor
microenvironment (TME) and the antitumor activity of PARPis.
The RBCs are the efficient carriers of oxygen and other essential
nutrients that are linked to aberrant metabolism in the TME,
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such as hypoxia. Hypoxia is a common characteristic of the
TME in solid tumors and is caused by the rapid growth and
proliferation of malignant solid tumors and the
underdevelopment of vascular system tissues, resulting in local
hypoxic tension in tissues; hypoxia, in turn, regulates the
angiogenesis and growth of tumor tissue, promoting tumor
invasion and metastasis, to adapt to hypoxic and nutrient-limited
environments [19,21]. This causal transformation results in most
solid tumors being in a state of moderate (1%-2% oxygen) to
severe (<0.01% oxygen) hypoxia internally [22]. In the female

population, the normal RBC count is 4.0 to 5.0×1012 per liter.
When it is below the lower limit of the normal range, the ability
of blood to transport oxygen is weakened, which may further
exacerbate the hypoxic condition of the TME. It has been found
that hypoxia can induce the overexpression of breast cancer
resistance protein and multiple drug resistance protein [23] and
the activation of the transforming growth factor beta,
transforming growth factor alpha and epidermal growth factor
receptor, and cyclooxygenase-2 pathways [24-26] by regulating
the hypoxia-inducible factor α and cancer-associated fibroblasts,
thus inducing therapeutic resistance. The study by Mehibel et
al [20] revealed that cancer cells exhibited increased resistance
to PARPis under moderate hypoxia (2% oxygen) when
compared to their normoxic counterparts, suggesting a
hypoxia-induced protective mechanism. However, under severe
hypoxia (0.5% oxygen), cancer cells showed the same
significant increase in sensitivity to PARPis regardless of
whether HRRD was negative or positive. Notably, the
interpretation of our results based on those of these previous
studies remains limited by the sample size, cross-sectional
design, and suboptimal sensitivity of bone marrow evaluation
methods, necessitating future validation in prospective cohorts
with dynamic bone marrow function monitoring.

In addition, this study found that PARPi combination with
VEGFis was one of the risk factors for SHAEs during PARPi
treatment. The VEGFis used in patients undergoing combination
therapy in this study included bevacizumab, apatinib, and
lenvatinib. Previous literature has reported a significant
proportion of hematological adverse events of a grade of ≥3
during the use of VEGFi monotherapy [27-29]. Notably,
neutropenia and thrombocytopenia have been reported to occur
more frequently with VEGFis monotherapy than with PARPis
monotherapy, although the proportion of grade ≥ 3 anemia
accounts for less than 4% of cases. The hematological toxicity
of VEGFis may arise from their suppression of vascular
endothelial growth factor (VEGF) signaling, which disrupts the
bone marrow microenvironment, leading to vascular regression,
hypoxia, and impaired stromal cell function, thereby
compromising hematopoietic stem cell survival and
differentiation. Concurrently, blockade of VEGF receptors (eg,
VEGF receptors 1 and 2) on hematopoietic progenitor cells can
interfere with erythroid, myeloid, and megakaryocytic
maturation, resulting in anemia, neutropenia, and
thrombocytopenia. Furthermore, VEGF inhibition may
upregulate proinflammatory cytokines (eg, tumor necrosis factor
and interleukin-6) and hepcidin, further suppressing
hematopoiesis or inducing iron-restricted anemia. These
mechanisms collectively contribute to the potential

hematological adverse effects associated with VEGFis [30].
PARPis cause anemia by binding to poly (adenosine diphosphate
ribose) polymerase 2 in the RBCs, leading to shortened life span
and increased absorption of RBCs [31]. The possible mechanism
of PARPi-mediated bone marrow suppression also includes
inhibiting poly (adenosine diphosphate ribose) polymerase 1 in
hematopoietic stem cells, interfering with neutrophil, platelet,
and RBC formation [32]. Thus, it is hypothesized that the 2
together could worsen overall hematological toxicity via distinct
mechanisms, increasing the risk of hematological adverse events
of a grade of ≥3 in patients. This phenomenon can also be
observed in the PAOLA-1 (PArp inhibitor OLaparib in
Advanced ovarian cancer 1) clinical study of olaparib combined
with bevacizumab in ovarian cancer treatment [33].

Other than the previously discussed factors, further parameters
may modulate the development of SHAEs from PARPi therapy.
Previous studies have found that BRCA1 and BRCA2 mutation
or HRRD positivity is a risk factor for hematological adverse
events related to PARPis [34-36]. Moreover, the Spanish Society
of Medical Oncology clinical guidelines [37] for ovarian cancer
indicate that PARPis induce cell death in HRRD-positive tumor
cells through a “synthetic lethality” mechanism, with BRCA1
and BRCA2 mutations being one of the established causes of
HRRD in tumors. Therefore, the guidelines recommend BRCA
mutation testing in patients before PARPi therapy. However,
due to the high cost of testing, this study found that the
willingness of most patients with cancer to undergo BRCA and
HRRD testing was low, with a detection rate of less than 55%.
Therefore, it is difficult to verify the impact of BRCA and HRRD
status on PARPi SHAEs. A network meta-analysis indicated
that there was a significant difference in the risk of any adverse
events of a grade of ≥3 across PARPi treatments, and based on
the surface under the cumulative ranking curve rankings,
olaparib was the safest PARPi in terms of risk of hematological
adverse events [6]. Some studies have also found that
hypertension, low baseline hemoglobin level, and low baseline
hematocrit level are related to the occurrence of hematological
adverse events induced by PARPi monotherapy [35]. Due to
data limitations in this study, definitive comparative analyses
could not be conducted, warranting future studies to address
this gap.

On the basis of the identified predictive factors, this study
developed a nomogram model to provide a user-friendly method
for early prediction of SHAEs associated with PARPis in clinical
practice. Internal validation demonstrated that this risk
assessment model exhibited moderate accuracy and predictive
capability, with an ROC curve AUC of 0.874 and
Hosmer-Lemeshow test of P=.36. These findings provide
evidence for developing personalized treatment strategies in
clinical practice and suggest potential clinical utility.

This study also has several limitations. First, although repeated
cross-validation showed no strong signs of overfitting, the small
sample size limited our ability to fully address associated
challenges such as data distribution biases and class imbalance.
Furthermore, external validation, which is essential for
confirming generalizability, could not be conducted due to the
unavailability of an independent external cohort. This is a
common constraint in single-center studies of rare conditions.
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Future multi-institutional studies are warranted to externally
validate our findings. The analysis was further limited by
missing data for several key prognostic indicators (eg, BRCA
and HRRD status), which precluded their inclusion in the model.
Finally, as the model was developed and validated exclusively
on a Chinese population, its generalizability to other ethnic
groups requires further investigation.

Conclusions
This study used objective data widely used in clinical settings
to create and internally test a basic predictive model of SHAEs
for PARPi users with ovarian cancer. The clinical nomogram
included the 4 best predictors of PARPi SHAEs: lymph node
metastasis, Ccr, RBC count, and therapeutic schedule. This
should help identify patients who need closer monitoring for
SHAEs and more rigorous treatment.

Acknowledgments
This work was supported by the Scientific Research and Technology Development Project of the Guangxi Zhuang Autonomous
Region Medical Products Administration (Contract No.: Gui Yao Ke [2022] Zixuan 23). The authors extend their sincere
appreciation to the Affiliated Tumor Hospital of Guangxi Medical University for its invaluable support throughout this research.
We are also deeply grateful to all the physicians, nurses, and healthcare professionals for their dedicated efforts and contributions.
Above all, we wish to express our profound gratitude to the patients and their families for their trust, cooperation, and unwavering
support.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
XL designed the study, collected and analyzed the data, and wrote the manuscript. YL supervised the research, critically revised
the manuscript, and provided final approval. Both authors read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Comparison of clinical characteristics between the 2 groups (N=70).
[DOCX File , 33 KB-Multimedia Appendix 1]

References

1. Webb PM, Jordan SJ. Global epidemiology of epithelial ovarian cancer. Nat Rev Clin Oncol. May 2024;21(5):389-400.
[doi: 10.1038/s41571-024-00881-3] [Medline: 38548868]

2. Ortiz M, Wabel E, Mitchell K, Horibata S. Mechanisms of chemotherapy resistance in ovarian cancer. Cancer Drug Resist.
2022;5(2):304-316. [FREE Full text] [doi: 10.20517/cdr.2021.147] [Medline: 35800369]

3. Javle M, Curtin NJ. The role of PARP in DNA repair and its therapeutic exploitation. Br J Cancer. Oct 11,
2011;105(8):1114-1122. [FREE Full text] [doi: 10.1038/bjc.2011.382] [Medline: 21989215]

4. Vikas P, Borcherding N, Chennamadhavuni A, Garje R. Therapeutic potential of combining PARP inhibitor and
immunotherapy in solid tumors. Front Oncol. 2020;10:570. [FREE Full text] [doi: 10.3389/fonc.2020.00570] [Medline:
32457830]

5. Madariaga A, Bowering V, Ahrari S, Oza AM, Lheureux S. Manage wisely: poly (ADP-ribose) polymerase inhibitor
(PARPi) treatment and adverse events. Int J Gynecol Cancer. Jul 2020;30(7):903-915. [FREE Full text] [doi:
10.1136/ijgc-2020-001288] [Medline: 32276934]

6. Dai MF, Wang X, Xin WX, Kong SS, Xu WB, Ding HY, et al. Safety and hematological toxicities of PARP inhibitors in
patients with cancer: a systematic review of randomized controlled trials and a pharmacovigilance analysis. Expert Rev
Anticancer Ther. Jul 2024;24(7):613-622. [doi: 10.1080/14737140.2024.2357822] [Medline: 38761169]

7. Poveda A, Floquet A, Ledermann JA, Asher R, Penson RT, Oza AM, et al. Olaparib tablets as maintenance therapy in
patients with platinum-sensitive relapsed ovarian cancer and a BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a final analysis
of a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncol. May 2021;22(5):620-631. [doi:
10.1016/S1470-2045(21)00073-5] [Medline: 33743851]

8. Moore KN, Secord AA, Geller MA, Miller DS, Cloven N, Fleming GF, et al. Niraparib monotherapy for late-line treatment
of ovarian cancer (QUADRA): a multicentre, open-label, single-arm, phase 2 trial. Lancet Oncol. May 2019;20(5):636-648.
[doi: 10.1016/S1470-2045(19)30029-4] [Medline: 30948273]

9. Wu XH, Zhu JQ, Yin RT, Yang JX, Liu JH, Wang J, et al. Niraparib maintenance therapy in patients with platinum-sensitive
recurrent ovarian cancer using an individualized starting dose (NORA): a randomized, double-blind, placebo-controlled

JMIR Med Inform 2025 | vol. 13 | e72994 | p. 11https://medinform.jmir.org/2025/1/e72994
(page number not for citation purposes)

Lian & LeiJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=medinform_v13i1e72994_app1.docx&filename=fadc92090dbbadaf249eda96ca503859.docx
https://jmir.org/api/download?alt_name=medinform_v13i1e72994_app1.docx&filename=fadc92090dbbadaf249eda96ca503859.docx
http://dx.doi.org/10.1038/s41571-024-00881-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38548868&dopt=Abstract
https://europepmc.org/abstract/MED/35800369
http://dx.doi.org/10.20517/cdr.2021.147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35800369&dopt=Abstract
https://europepmc.org/abstract/MED/21989215
http://dx.doi.org/10.1038/bjc.2011.382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21989215&dopt=Abstract
https://europepmc.org/abstract/MED/32457830
http://dx.doi.org/10.3389/fonc.2020.00570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32457830&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1048-891X(24)00187-7
http://dx.doi.org/10.1136/ijgc-2020-001288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32276934&dopt=Abstract
http://dx.doi.org/10.1080/14737140.2024.2357822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38761169&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(21)00073-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33743851&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(19)30029-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30948273&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


phase III trial. Ann Oncol. Apr 2021;32(4):512-521. [FREE Full text] [doi: 10.1016/j.annonc.2020.12.018] [Medline:
33453391]

10. Ni J, Cheng X, Zhou R, Zhao Q, Xu X, Guo W, et al. Adverse events as a potential clinical marker of antitumor efficacy
in ovarian cancer patients treated with poly ADP-ribose polymerase inhibitor. Front Oncol. 2021;11:724620. [FREE Full
text] [doi: 10.3389/fonc.2021.724620] [Medline: 34552876]

11. Haun MW, Estel S, Rücker G, Friederich HC, Villalobos M, Thomas M, et al. Early palliative care for adults with advanced
cancer. Cochrane Database Syst Rev. Jun 12, 2017;6(6):CD011129. [FREE Full text] [doi:
10.1002/14651858.CD011129.pub2] [Medline: 28603881]

12. Korfage IJ, Carreras G, Arnfeldt Christensen CM, Billekens P, Bramley L, Briggs L, et al. Advance care planning in patients
with advanced cancer: a 6-country, cluster-randomised clinical trial. PLoS Med. Nov 13, 2020;17(11):e1003422. [FREE
Full text] [doi: 10.1371/journal.pmed.1003422] [Medline: 33186365]

13. He Y, Pang Y, Su Z, Zhou Y, Wang Y, Lu Y, et al. Symptom burden, psychological distress, and symptom management
status in hospitalized patients with advanced cancer: a multicenter study in China. ESMO Open. Dec 2022;7(6):100595.
[FREE Full text] [doi: 10.1016/j.esmoop.2022.100595] [Medline: 36252435]

14. Ataseven B, Grimm C, Harter P, Prader S, Traut A, Heitz F, et al. Prognostic value of lymph node ratio in patients with
advanced epithelial ovarian cancer. Gynecol Oncol. Dec 2014;135(3):435-440. [doi: 10.1016/j.ygyno.2014.10.003] [Medline:
25312398]

15. Oza AM, Tinker AV, Oaknin A, Shapira-Frommer R, McNeish IA, Swisher EM, et al. Antitumor activity and safety of the
PARP inhibitor rucaparib in patients with high-grade ovarian carcinoma and a germline or somatic BRCA1 or BRCA2
mutation: integrated analysis of data from Study 10 and ARIEL2. Gynecol Oncol. Nov 2017;147(2):267-275. [FREE Full
text] [doi: 10.1016/j.ygyno.2017.08.022] [Medline: 28882436]

16. Coleman RL, Oza AM, Lorusso D, Aghajanian C, Oaknin A, Dean A, et al. Rucaparib maintenance treatment for recurrent
ovarian carcinoma after response to platinum therapy (ARIEL3): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. Oct 28, 2017;390(10106):1949-1961. [FREE Full text] [doi: 10.1016/S0140-6736(17)32440-6] [Medline:
28916367]

17. Li N, Zhu J, Yin R, Wang J, Pan L, Kong B, et al. Treatment with niraparib maintenance therapy in patients with newly
diagnosed advanced ovarian cancer: a phase 3 randomized clinical trial. JAMA Oncol. Sep 01, 2023;9(9):1230-1237. [FREE
Full text] [doi: 10.1001/jamaoncol.2023.2283] [Medline: 37440217]

18. Friedlander M, Lee YC, Tew WP. Managing adverse effects associated with poly (ADP-ribose) polymerase inhibitors in
ovarian cancer: a synthesis of clinical trial and real-world data. Am Soc Clin Oncol Educ Book. Jun 2023;43:e390876.
[FREE Full text] [doi: 10.1200/EDBK_390876] [Medline: 37285556]

19. Molina JR, Sun Y, Protopopova M, Gera S, Bandi M, Bristow C, et al. An inhibitor of oxidative phosphorylation exploits
cancer vulnerability. Nat Med. Jul 11, 2018;24(7):1036-1046. [doi: 10.1038/s41591-018-0052-4] [Medline: 29892070]

20. Mehibel M, Xu Y, Li CG, Moon EJ, Thakkar KN, Diep AN, et al. Eliminating hypoxic tumor cells improves response to
PARP inhibitors in homologous recombination-deficient cancer models. J Clin Invest. Jun 01, 2021;131(11):e146256.
[FREE Full text] [doi: 10.1172/JCI146256] [Medline: 34060485]

21. Petrova V, Annicchiarico-Petruzzelli M, Melino G, Amelio I. The hypoxic tumour microenvironment. Oncogenesis. Jan
24, 2018;7(1):10. [FREE Full text] [doi: 10.1038/s41389-017-0011-9] [Medline: 29362402]

22. Byrne MB, Leslie MT, Gaskins HR, Kenis PJ. Methods to study the tumor microenvironment under controlled oxygen
conditions. Trends Biotechnol. Nov 2014;32(11):556-563. [FREE Full text] [doi: 10.1016/j.tibtech.2014.09.006] [Medline:
25282035]

23. Pinzón-Daza ML, Cuellar-Saenz Y, Nualart F, Ondo-Mendez A, Del Riesgo L, Castillo-Rivera F, et al. Oxidative stress
promotes doxorubicin-induced Pgp and BCRP expression in colon cancer cells under hypoxic conditions. J Cell Biochem.
Jul 2017;118(7):1868-1878. [doi: 10.1002/jcb.25890] [Medline: 28106284]

24. Tang YA, Chen YF, Bao Y, Mahara S, Yatim SM, Oguz G, et al. Hypoxic tumor microenvironment activates GLI2 via
HIF-1α and TGF-β2 to promote chemoresistance in colorectal cancer. Proc Natl Acad Sci U S A. Jun 26,
2018;115(26):E5990-E5999. [FREE Full text] [doi: 10.1073/pnas.1801348115] [Medline: 29891662]

25. Zhao D, Zhai B, He C, Tan G, Jiang X, Pan S, et al. Upregulation of HIF-2α induced by sorafenib contributes to the
resistance by activating the TGF-α/EGFR pathway in hepatocellular carcinoma cells. Cell Signal. May 2014;26(5):1030-1039.
[doi: 10.1016/j.cellsig.2014.01.026] [Medline: 24486412]

26. Zhao CX, Luo CL, Wu XH. Hypoxia promotes 786-O cells invasiveness and resistance to sorafenib via HIF-2α/COX-2.
Med Oncol. Jan 2015;32(1):419. [doi: 10.1007/s12032-014-0419-4] [Medline: 25487445]

27. Komiyama S, Kato K, Inokuchi Y, Takano H, Matsumoto T, Hongo A, et al. Bevacizumab combined with platinum-taxane
chemotherapy as first-line treatment for advanced ovarian cancer: a prospective observational study of safety and efficacy
in Japanese patients (JGOG3022 trial). Int J Clin Oncol. Jan 2019;24(1):103-114. [FREE Full text] [doi:
10.1007/s10147-018-1319-y] [Medline: 30030657]

28. Kumar R, Crouthamel MC, Rominger DH, Gontarek RR, Tummino PJ, Levin RA, et al. Myelosuppression and kinase
selectivity of multikinase angiogenesis inhibitors. Br J Cancer. Nov 17, 2009;101(10):1717-1723. [FREE Full text] [doi:
10.1038/sj.bjc.6605366] [Medline: 19844230]

JMIR Med Inform 2025 | vol. 13 | e72994 | p. 12https://medinform.jmir.org/2025/1/e72994
(page number not for citation purposes)

Lian & LeiJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(21)00008-9
http://dx.doi.org/10.1016/j.annonc.2020.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33453391&dopt=Abstract
https://europepmc.org/abstract/MED/34552876
https://europepmc.org/abstract/MED/34552876
http://dx.doi.org/10.3389/fonc.2021.724620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34552876&dopt=Abstract
https://europepmc.org/abstract/MED/28603881
http://dx.doi.org/10.1002/14651858.CD011129.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28603881&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1003422
https://dx.plos.org/10.1371/journal.pmed.1003422
http://dx.doi.org/10.1371/journal.pmed.1003422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33186365&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2059-7029(22)00225-3
http://dx.doi.org/10.1016/j.esmoop.2022.100595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36252435&dopt=Abstract
http://dx.doi.org/10.1016/j.ygyno.2014.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25312398&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0090-8258(17)31260-X
https://linkinghub.elsevier.com/retrieve/pii/S0090-8258(17)31260-X
http://dx.doi.org/10.1016/j.ygyno.2017.08.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28882436&dopt=Abstract
https://europepmc.org/abstract/MED/28916367
http://dx.doi.org/10.1016/S0140-6736(17)32440-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28916367&dopt=Abstract
https://europepmc.org/abstract/MED/37440217
https://europepmc.org/abstract/MED/37440217
http://dx.doi.org/10.1001/jamaoncol.2023.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37440217&dopt=Abstract
https://ascopubs.org/doi/10.1200/EDBK_390876?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1200/EDBK_390876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37285556&dopt=Abstract
http://dx.doi.org/10.1038/s41591-018-0052-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29892070&dopt=Abstract
https://doi.org/10.1172/JCI146256
http://dx.doi.org/10.1172/JCI146256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34060485&dopt=Abstract
https://doi.org/10.1038/s41389-017-0011-9
http://dx.doi.org/10.1038/s41389-017-0011-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29362402&dopt=Abstract
https://europepmc.org/abstract/MED/25282035
http://dx.doi.org/10.1016/j.tibtech.2014.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25282035&dopt=Abstract
http://dx.doi.org/10.1002/jcb.25890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28106284&dopt=Abstract
https://europepmc.org/abstract/MED/29891662
http://dx.doi.org/10.1073/pnas.1801348115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29891662&dopt=Abstract
http://dx.doi.org/10.1016/j.cellsig.2014.01.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24486412&dopt=Abstract
http://dx.doi.org/10.1007/s12032-014-0419-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25487445&dopt=Abstract
https://europepmc.org/abstract/MED/30030657
http://dx.doi.org/10.1007/s10147-018-1319-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030657&dopt=Abstract
https://europepmc.org/abstract/MED/19844230
http://dx.doi.org/10.1038/sj.bjc.6605366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19844230&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, et al. Randomized, double-blind, placebo-controlled phase III trial of apatinib in
patients with chemotherapy-refractory advanced or metastatic adenocarcinoma of the stomach or gastroesophageal junction.
J Clin Oncol. May 01, 2016;34(13):1448-1454. [doi: 10.1200/jco.2015.63.5995]

30. Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of angiogenesis. Nature. May 19,
2011;473(7347):298-307. [FREE Full text] [doi: 10.1038/nature10144] [Medline: 21593862]

31. Farrés J, Llacuna L, Martin-Caballero J, Martínez C, Lozano JJ, Ampurdanés C, et al. PARP-2 sustains erythropoiesis in
mice by limiting replicative stress in erythroid progenitors. Cell Death Differ. Jul 2015;22(7):1144-1157. [FREE Full text]
[doi: 10.1038/cdd.2014.202] [Medline: 25501596]

32. Zhao H, Sifakis EG, Sumida N, Millán-Ariño L, Scholz BA, Svensson JP, et al. PARP1- and CTCF-mediated interactions
between active and repressed chromatin at the lamina promote oscillating transcription. Mol Cell. Sep 17, 2015;59(6):984-997.
[FREE Full text] [doi: 10.1016/j.molcel.2015.07.019] [Medline: 26321255]

33. Ray-Coquard I, Pautier P, Pignata S, Pérol D, González-Martín A, Berger R, et al. Olaparib plus bevacizumab as first-line
maintenance in ovarian cancer. N Engl J Med. Dec 19, 2019;381(25):2416-2428. [doi: 10.1056/NEJMoa1911361] [Medline:
31851799]

34. Staropoli N, Ciliberto D, Luciano F, Napoli C, Costa M, Rossini G, et al. The impact of PARP inhibitors in the whole
scenario of ovarian cancer management: a systematic review and network meta-analysis. Crit Rev Oncol Hematol. Jan
2024;193:104229. [FREE Full text] [doi: 10.1016/j.critrevonc.2023.104229] [Medline: 38065404]

35. Tashiro R, Kawazoe H, Mamishin K, Seto K, Udagawa R, Saito Y, et al. Patient-associated risk factors for severe anemia
in patients with advanced ovarian or breast cancer receiving olaparib monotherapy: a multicenter retrospective study. Front
Oncol. 2022;12:898150. [FREE Full text] [doi: 10.3389/fonc.2022.898150] [Medline: 36267984]

36. Kim J, Park SY, Kim JH, Lee SW, Park JY, Suh DS, et al. Real-world clinical outcomes and prognostic factors of olaparib
maintenance in Korean patients with primary or recurrent high-grade ovarian cancer with exploratory analysis of location
of BRCA1 and BRCA2 mutations. J Clin Oncol. 2024;42(16_suppl):e17561. [doi: 10.1200/jco.2024.42.16_suppl.e17561]

37. Redondo A, Guerra E, Manso L, Martin-Lorente C, Martinez-Garcia J, Perez-Fidalgo JA, et al. SEOM clinical guideline
in ovarian cancer (2020). Clin Transl Oncol. May 2021;23(5):961-968. [FREE Full text] [doi: 10.1007/s12094-020-02545-x]
[Medline: 33515422]

Abbreviations
AUC: area under the curve
Ccr: creatinine clearance rate
DCR: disease control rate
HRRD: homologous recombination repair deficiency
OR: odds ratio
PAOLA-1: PArp inhibitor OLaparib in Advanced ovarian cancer 1
PARPi: poly (adenosine diphosphate ribose) polymerase inhibitor
PFS: progression-free survival
RBC: red blood cell
ROC: receiver operating characteristic
SHAE: serious hematological adverse event
TME: tumor microenvironment
VEGF: vascular endothelial growth factor
VEGFi: vascular endothelial growth factor inhibitor

Edited by A Benis; submitted 23.Feb.2025; peer-reviewed by D Bracken-Clarke, Z Chen, C Lyu; comments to author 26.Apr.2025;
revised version received 02.Aug.2025; accepted 15.Sep.2025; published 12.Nov.2025

Please cite as:
Lian X, Lei Y
Model for Predicting Serious Hematological Adverse Events in Individuals With Ovarian Cancer Receiving Poly (Adenosine Diphosphate
Ribose) Polymerase Inhibitor Treatment: Prospective Cohort Study
JMIR Med Inform 2025;13:e72994
URL: https://medinform.jmir.org/2025/1/e72994
doi: 10.2196/72994
PMID:

JMIR Med Inform 2025 | vol. 13 | e72994 | p. 13https://medinform.jmir.org/2025/1/e72994
(page number not for citation purposes)

Lian & LeiJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://dx.doi.org/10.1200/jco.2015.63.5995
https://europepmc.org/abstract/MED/21593862
http://dx.doi.org/10.1038/nature10144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21593862&dopt=Abstract
https://europepmc.org/abstract/MED/25501596
http://dx.doi.org/10.1038/cdd.2014.202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25501596&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1097-2765(15)00577-8
http://dx.doi.org/10.1016/j.molcel.2015.07.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26321255&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1911361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31851799&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1040-8428(23)00317-7
http://dx.doi.org/10.1016/j.critrevonc.2023.104229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38065404&dopt=Abstract
https://europepmc.org/abstract/MED/36267984
http://dx.doi.org/10.3389/fonc.2022.898150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36267984&dopt=Abstract
http://dx.doi.org/10.1200/jco.2024.42.16_suppl.e17561
http://hdl.handle.net/10668/17069
http://dx.doi.org/10.1007/s12094-020-02545-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33515422&dopt=Abstract
https://medinform.jmir.org/2025/1/e72994
http://dx.doi.org/10.2196/72994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Xiaotong Lian, Yu Lei. Originally published in JMIR Medical Informatics (https://medinform.jmir.org), 12.Nov.2025. This is
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Medical Informatics, is properly cited. The complete bibliographic information,
a link to the original publication on https://medinform.jmir.org/, as well as this copyright and license information must be included.

JMIR Med Inform 2025 | vol. 13 | e72994 | p. 14https://medinform.jmir.org/2025/1/e72994
(page number not for citation purposes)

Lian & LeiJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

