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Abstract
Background  Poly(ADP-ribose) polymerase inhibitors (PARPi) are increasingly used in oncology; their hematological toxici-
ties affect classically red, platelet and neutrophil lineages, but some opportunistic infections have been reported concomitantly 
to deep lymphopenias.
Objective  This study was designed to provide an external and internal analysis of the crossed impacts of PARPi and age on 
lymphopenia risk.
Patients and Methods  A scoping review was performed on the PubMed and Embase databases to assess the reporting of 
lymphocyte rates in original studies on PARPi treatment for adult patients up to 1 April 2022. A retrospective cohort was 
extracted from the medical charts of all patients treated for gynecological cancer at our institution from 2015 to 2022 in 
accordance with ethical regulations.
Results  The scoping review research strategy retrieved 5840 abstracts; 225 studies were selected for full-text analysis. Lym-
phopenia was reported in 41.8% of the studies; frequency of all-grade and grade ≥ 3 lymphopenia reached 20.5% and 8.9%, 
respectively. Grade ≥ 3 lymphopenia was significantly higher in studies including older patients (median age ≥ 60 years vs. 
< 60 years), at 7.5% vs. 10.3% (p < 0.0001). PARIB-OLD-HCL included 46 patients, 19 of whom were aged < 70 years 
(median 44 years) and 27 of whom were aged ≥ 70 years (median 79 years); the frequency of all-grade and grade ≥ 3 lym-
phopenia reached 67% (< 70 years: 63%; ≥ 70 years: 70%) and 13% (< 70 years: 5%; ≥ 70 years: 19%), respectively.
Conclusion  Lymphopenia events were much more frequent in real-life than in previously reported studies, particularly in 
older patients. Future work is needed to improve patient follow-up and discuss prophylactic strategies.

Key Points 

Frequency of all-grade and grade ≥ 3 lymphopenia 
reached 20.5% and 8.9%, respectively.

Grade ≥ 3 lymphopenia was significantly higher in stud-
ies including older patients.

1  Introduction

The poly(ADP-ribose) polymerase (PARP) superfamily of 
enzymes is involved in the synthesis of ADP-ribose poly-
mers [1], which can be further processed and bound to dam-
aged DNA [2, 3] to enable recruitment of DNA repair effec-
tors. The practical medical implications of such enzymes 
were only recently proven with the advent of PARP inhibi-
tors (PARPi).

PARPi are small molecules able to trap PARP1 onto dam-
aged DNA, preventing the DNA repair process and leading 
to cell death, and initially developed to improve the cyto-
toxic effect of chemotherapy on cancer cells through DNA 
damage enhancement. Breast cancer (BRCA) type 1/2 pro-
teins are key proteins for the homologous recombination 
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(HR) repair process, allowing the cell to overcome DNA 
double-strand breaks. In the case of BRCA deficiency, as is 
the case in some neoplastic cells, alternative repair mecha-
nisms, implying PARPs, are implemented to overcome such 
damage. PARPi prevent these mechanisms, leading to tar-
geted BRCA-deficient cell death, which is now referred to 
as synthetic lethality [4, 5].

The impressive results of olaparib (first-in-class oral 
PARPi) in germline BRCA1/2-mutated ovarian, breast, 
pancreatic and prostate cancers, led to subsequent US FDA 
approval in several indications [6, 7]. Since then, various 
other PARPi have been approved, in a wider range of can-
cers, both in HR-deficient and HR-proficient settings [8–11]. 
Although PARPi were found to have an acceptable toxicity 
profile, some common class effects were reported, such as 
hematological toxicities [12]. Among these, anemia was the 
most frequently reported adverse event (AE), followed by 
thrombocytopenia and neutropenia [12]. Such toxicity was 
predictable since various studies demonstrated that hemat-
opoietic stem cells (HSC) require PARPs to ensure their 
hematopoietic functions and proper renewal [13, 14]. Hav-
ing been exposed in our practice to iterative Pneumocystis 
pneumonia in an octagenarian while under PARPi treatment, 
we revealed that these events arose concomitantly to deep 
lymphopenia events.

A very similar case was reported by Himeji et al. [15]. 
However, available data on PARPi-induced lymphope-
nia remain scarce in comparison with that of other blood 
lineage.

Considering the expected connections between age, 
PARPi use, and lymphopenia, we decided to explore the 
available evidence regarding PARPi-induced lymphopenia, 
particularly in older adults. Given that the current knowledge 
on PARPi-induced lymphopenia is insufficient to motivate 
a prospective trial, we decided to realize a comprehensive 
study on this issue, exploring not only the available evidence 
in the literature through a scoping review but also real-life 
data using a single-center retrospective study and a vigilance 
database. The aim was to provide sound evidence regarding 
age and PARPi effect on lymphocyte lineage that could be 
the groundwork of further studies. Leukopenia is frequently 
arising from neutropenia, which is a known AE of PARPi, 
and for this reason it was decided to restrict this study to 
lymphopenia events. In fact, it would have been impossible 
to determine if a reported leukopenia event resulted from 
neutropenia, lymphopenia, or both.

2 � Methods

A scoping review of the literature from the PubMed/MED-
LINE and Embase databases was performed according to 
the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines using the following 
queries: “Poly(ADP-ribose) polymerase inhibitors/therapeu-
tic use*[MeSH Terms] AND (clinicaltrial[Filter] OR rand
omizedcontrolledtrial[Filter])” and “nicotinamide adenine 
dinucleotide adenosine diphosphate ribosyltransferase 
inhibitor AND (‘clinical article’/de OR ‘clinical study’/de 
OR ‘clinical trial’/de OR ‘clinical trial topic’/de OR ‘com-
parative effectiveness’/de OR ‘comparative study’/de OR 
‘controlled clinical trial’/de OR ‘controlled study’/de OR 
‘double blind procedure’/de OR ‘exploratory research’/de 
OR ‘feasibility study’/de OR ‘major clinical study’/de OR 
‘multicenter study’/de OR ‘multicenter study topic’/de OR 
‘open study’/de OR ‘phase 1 clinical trial’/de OR ‘phase 
1 clinical trial topic’/de OR ‘phase 2 clinical trial’/de OR 
‘phase 2 clinical trial topic’/de OR ‘phase 3 clinical trial’/de 
OR ‘phase 3 clinical trial topic’/de OR ‘preclinical study’/de 
OR ‘prospective study’/de OR ‘randomized controlled trial’/
de OR ‘randomized controlled trial topic’/de OR ‘retrospec-
tive study’/de) AND (‘article’/it OR ‘article in press’/it)” 
using Medical Subject Heading (MeSH) and Emtree terms 
to 1 April 2022. We included all original studies reporting 
therapeutical use of PARPi in adult patients and providing 
information on toxicity. Early clinical studies with a very 
small sample size (number of patients < 10) were excluded 
to minimize bias. Regarding the Emtree search engine, it was 
decided to retrieve every clinical study on PARPi and then 
to remove those not fulfilling the inclusion criteria (retro-
spective, ancillary, etc.) to ensure no records were omitted. 
Data regarding lymphopenia, cancer type, patients’ age, and 
number of patients included in each study were collected. 
Patients were then grouped for statistical analysis. Ancil-
lary studies were not included to avoid a particular patient 
being included several times. Considering the exclusion of 
scoping reviews from PROSPERO registration, this scop-
ing analysis was not registered in any registration platform. 
The World Health Organization VigiAccess (VA) and the 
FDA Adverse Event Reporting System (FAERS) pharma-
covigilance databases were then queried to assess reports 
on lymphopenia events.

In addition, we performed a retrospective study enti-
tled ‘PARIB-OLD-HCL’ on patients treated with PARPi 
for gynecological cancer at our institution (Hôpital Lyon 
Sud-Hospices Civils de Lyon) between 2015 and 2022. 
We included eligible patients with a confirmed diagno-
sis of gynecological cancer for whom treatment with a 
PARPi was initiated at our institution, either in the ‘older’ 
group of patients if aged ≥ 70 years or in the ‘younger’ 
group of patients if aged ≤ 60 years at PARPi initiation. 
Exclusion criteria were known hematological disease and/
or concomitant lympho/myelosuppressive treatment. The 
patient characteristics collected were age at PARPi intro-
duction and longitudinal follow-up of hematologic line-
ages, including lymphocytes. The study was approved by 
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the Scientific and Ethical Committee of Hospices Civils 
de Lyon (N° 22-5014) and registered in accordance with 
local guidelines.

2.1 � Statistics

Endpoints of interest were any grade and grade ≥ 3 lym-
phopenia. For the retrospective study, these events were 
defined following the Common Terminology Criteria for 
Adverse Event (CTCAE) version 5. Comparisons were 
made using the Chi2 test for count data and Fisher’s exact 
test for small samples (< 5) using Python v3.10, Python 
Software Foundation.

3 � Results

3.1 � Scoping Review

The search strategy retrieved 5840 records. After the 
removal of 169 duplicates, the titles of the 5671 remaining 
records were screened for eligibility. After exclusion of 5237 
records, 434 were sought for retrieval and were fully read; a 
total of 225 studies were eventually included (Fig. 1). Two 
authors (GA, CF) independently performed this process and 

no disagreements were found. These 225 studies included a 
total of 22,743 patients. Among the studies, 92 were phase 
I studies (4002 patients, 17.6%), 1 was a pilot study (20 
patients, < 1%), 82 were phase II studies (6562 patients, 
28.9%), 40 were phase III studies (11,467 patients, 50.4%), 
and 12 were retrospective/real-world studies (692 patients, 
3.0%).

The reference list of included studies is presented in the 
electronic supplementary material (ESM). The data reported 
for each study were then gathered by a single author (GA), 
double-checked (CF), and pooled together before statistical 
analysis. The authors worked independently to minimize 
reporting bias. Data used for analyses are available upon 
request to the corresponding author.

Lymphopenia rates were reported in 94 (41.8%) stud-
ies, and most of the studies used the CTCAE criteria for 
AE reporting, although some of the studies did not clearly 
mention the chosen definition. Of the 178 (79.1%) studies 
that included patients aged ≥ 70 years of age, 77 (43.3%) 
provided data on lymphopenia; however, no study was 
specific to older patients. Olaparib and veliparib were the 
most frequently investigated PARPi (94 and 67 studies 
[41.8% and 29.8%], respectively), and lymphopenia was 
reported in 38/94 (40%) and 32/67 (48%) of these studies, 
respectively (Table 1). Tumor types were more frequently 
gynecological cancers (115 articles [51.1%], of which 42 

Fig. 1   Scoping review. PARPi 
poly(ADP-ribose) polymerase 
inhibitors
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reported data on lymphopenia [37%]), and lymphopenia 
rates were the most frequently reported in studies investi-
gating digestive cancers (12/18 [67%]).

The 94 studies where lymphopenia is reported 
accounted for 9141 patients, including 7237 females 
(79.2%). Among these patients, all-grade lymphopenia 
was reported in 1445 patients (20.5%), grade ≥ 3 lym-
phopenia was reported in 782 (8.9%) patients, and grade 
1–2 lymphopenia was reported in 736 (11.5%) patients. 
Grade ≥ 3 lymphopenia rates were significantly lower in 
studies that included younger patients (median age < 60 
years: n = 362 [7.5%]) than older patients (median age 
≥ 60 years: n = 303 [10.3%]; p < 0.0001); there was no 
significant difference in the rate of all-grade lymphopenia 
between these two groups (n = 681 [20.6%] vs. n = 617 
[21.8%]; p = 0.242). In studies investigating gynecological 
cancers, all-grade and grade ≥3 lymphopenia rates were 
lower than in other cancers, at 17.2% (788 patients) vs. 
26.2% (657 patients), and 5.7% (336 patients) vs. 15.9% 
(446 patients), respectively. Considering the impact of 
the different PARPi, reported rates of all-grade and grade 
≥3 lymphopenia were 20% (566 patients) and 8% (314 
patients) with olaparib, respectively, and 24.2% (355 
patients) and 14.3% (209 patients) with veliparib, respec-
tively (Fig. 2, electronic supplementary Table S1). Data 
regarding the impact of age on dose exposures and their 
impact on treatment toxicities is very scarcely reported in 
the studies included in the scoping review, therefore it was 
not possible to provide a conclusion regarding this point.

3.2 � Pharmacovgilance Database Queries

The VA and FAERS databases were queried on 4 February 
2023 for the two most frequently used PARPi (olaparib 
and niraparib), at which point there were 10,600/10,334 
reports for olaparib and 15,160/15,907 reports for nira-
parib (VA/FAERS databases, respectively). Among 
these, 24 (0.23%)/21 (0.20%) and 5 (0.03%)/1 (0.07%) 
were related to lymphopenia (VA/FAERS databases, 
respectively).

3.3 � Retrospective Analysis

3.3.1 � Patient Characteristics

Between 2015 and 2021, 46 patients were treated with 
PARPi and were included in the PARIB-OLD-HCL study. 
The ‘older’ group included 27 patients for whom PARPi 
were initiated between 2015 and 2021; the median age 
was 79 years (range 73–93) and the median follow-up was 
11.9 months (range 1.8–61.6). Of these, 23 (85%) patients 
were treated for ovarian cancer and 4 (15%) were treated 

Table 1   Descriptive analysis of the 225 studies included in the scop-
ing review

PARPi poly(ADP-ribose) polymerase inhibitors
a 1 or more patients aged ≥ 70 years were included
b ABT-767 and CEP-9722
c Ewing sarcoma (n = 1), sarcoma (n = 1), germ line (n = 1)

Lymphopenia 
available [n (%)]

Studies 225 94 (41.8)
Patients 22,743 9141 (40.2)
Inclusion of older patients (age ≥ 70 years)a

 Studies 178 77 (43.3)
PARPi studied
 Olaparib

  Studies 94 38 (40)
 Veliparib

  Studies 67 32 (48)
 Niraparib

  Studies 24 8 (33)
 Rucaparib

  Studies 11 5 (45)
 Talazoparib

  Studies 10 5 (50)
 Iniparib

  Studies 8 2 (25)
 Fluzoparib

  Studies 3 2 (67)
 Pamiparib

  Studies 3 1 (33)
 Othersb

  Studies 2
Cancer type
 Gynecological

  Studies 115 42 (37)
 Multiple

  Studies 43 18 (42)
 Digestive

  Studies 18 12 (67)
 Lung

  Studies 17 7 (41)
 Prostate

  Studies 11 6 (55)
 Hematologic

  Studies 6 2 (33)
 Brain

  Studies 4 2 (50)
 Sarcoma

  Studies 4 3 (75)
 Head and neck

  Studies 2 1 (50)
 Melanoma

  Studies 2 1 (50)
 Otherc

  Studies 3 0 (0)
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for endometrial cancer; 24 (89%) had been treated with one 
or two prior lines of treatment; 17 (63%) were treated with 
olaparib, 8 (30%) were treated with niraparib, and 2 (7%) 
were treated with rucaparib (Table 2).

The ‘younger’ group included 19 patients for whom 
PARPi were initiated between 2017 and 2021; the median 
age was 44 years (range 25–59) and the median follow-up 
was 5.9 months (range 2.3–23.6). Of these, 14 (74%) were 
treated for ovarian cancer and 5 (26%) were treated for 
breast cancer; 17 (89%) had been treated with one or two 
prior lines of treatment; 14 (74%) received olaparib and 5 
(26%) received niraparib. There was no significant difference 
between the two groups in terms of patient characteristics, 
except for age and treatment for breast cancer (p = 0.009) 
(Table 2).

3.3.2 � Lymphopenia

All-grade lymphopenia during PARPi treatment occurred in 
19 (70%) patients in the ‘older’ group and 12 (63%) patients 
in the ‘younger’ group (p = 0.75). Furthermore, grade ≥ 3 
lymphopenia occurred in 5 (19%) patients in the ‘older’ 
group and 1 (5%) patient in the ‘younger’ group (p = 0.37) 
(Fig. 3). The median nadir value of the lymphocyte count 
was 0.79 G/L (range 0.2–1.72) in the ‘older’ group and 1 
G/L (range 0.24–2.1) in the ‘younger’ group. The median 
interval from PARPi introduction to lymphocyte nadir was 
6.4 months (range 0.5–44) for the ‘older’ group and 2.9 
months (range 0.4–8.3) for the ‘younger’ group. Evolution 
of lymphocyte count during treatment in the ‘older’ and 
‘younger’ groups is presented Fig. 4.

4 � Discussion

In this study, we performed an external and internal analy-
sis of lymphopenia events in patients treated with PARPi. 
To our knowledge, this study is the first dedicated to 

PARPi-induced lymphopenia, with a specific interest in the 
older population. For the first time, it sheds light on an addi-
tional hematologic cytopenia that should be more systemati-
cally reported in prospective trials and follow-up in every-
day practice, along with neutropenia and thrombocytopenia, 
especially in older patients.

Noteworthy, in the WHO VigiAccess database (the 
international pharmacovigilance database), lymphopenia 
events are almost non-existent, whereas this toxicity, when 
reported, was frequent in patients treated with the same 
PARPi in clinical trials. This highlights the poor considera-
tion of lymphopenia by the medical community in current 
practice, despite its known prognostic impact on different 
outcomes in both the oncological and geriatric settings 
[16–19]. Even in clinical trials, where hematologic toxicities 
are almost always reported, specific data on lymphopenia 
were only available in fewer than half of the trials. More 
strikingly, when available, reported all-grade lymphopenia 
rates were much lower than in our retrospective study. The 
same applies when only considering studies dedicated to 
gynecological cancers (17.20%) or including older patients 
(median age ≥60 years). When comparing older patients 
with younger patients, PARPi-induced lymphopenia was 
more frequent in older patients, a tendency that seemed more 
pronounced for grade ≥ 3 lymphopenia. This was noticed 
both in the scoping review and in the retrospective study. 
In addition, a trend towards a later and deeper nadir of lym-
phocyte count after PARPi initiation in older patients could 
illustrate an impaired hematopoietic resilience compared 
with younger patients. A similar observation was reported 
regarding the impact of age on neutrophil nadir after one or 
four courses of adjuvant chemotherapy in patients treated 
for breast cancer [20]. The impact of PARPi on lymphope-
nia events has a biological rationale considering the known 
impact of PARP pathways on various hematological func-
tions. Yélamos et al. reported a direct deleterious effect of 
PARP2 gene deletion in mouse T lymphocytes, with PARP2 
−/− mice displaying a decreased number of post-thymic T 

Fig. 2   Lymphopenia rates in 
various settings among the 
94 studies reporting data on 
lymphopenia. *Significant dif-
ference between the two groups 
(p < 0.0001). Gynecol gyneco-
logical cancer, Older median 
age ≥ 60 years, Younger median 
age < 60 years
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lymphocytes, which was explained by a higher sensitivity 
to the Bcl2 homology 3 (BH3)-mediated apoptosis pathway 
(with PARP being a key player in DNA repair), leading to 
T-cell death after CD3 stimulation and VJ segment recom-
bination attempt [21]. Farrés et al. reported a broader impact 
at the HSC level, since PARP2-deficient HSC were shown 

to suffer more oxidative stress and apoptosis through TP53/
BH3 pathway activation when urged to proliferate [13, 22]. 
Eventually, a direct PARPi-induced cytotoxic effect on HSC 
was observed by Hopkins et al. However, the concentra-
tions of PARPi reported in this study are higher than those 
commonly obtained with the standard dosage of PARPi, 
therefore the direct toxicity of PARPi remains an explora-
tory hypothesis [14].

The reported lower resilience of the lymphocyte pool in 
response to PARPi exposure in the older population also has 
a robust biological rationale. First, the overall HSC pool is 
well known to decrease with age, leading to greater sensitiv-
ity to medullar treatment toxicity [23]. Moreover, an aging 
hematopoietic system is responsible for immune function 
losses and a shift towards myeloid lineage cell production 
[24, 25]. This decrease in lymphoid cell production in favor 
of myeloid cells is well described and is known as myeloid 
skewing [25]. More than simple myeloid shifting, recent 
studies have shown that aging hematopoiesis is mostly dedi-
cated to platelet production through a significant increase 
in a specific class of HSCs  [26]. Finally, aged HSC have 
been reported to accumulate DNA damage [27], leading to 

Table 2   Characteristics of patients included in the retrospective study

Data are expressed as n (%) unless otherwise specified
PARPi poly(ADP-ribose) polymerase inhibitors, SD standard deviation
a p = 0.009
b Relative dose intensity was computed considering the full dose described in the treatment approval

Older patients [n = 27] Younger 
patients 
[n = 19]

Age, years
 Median 79 44
 Range 73–93 25–59

Localization of the primary tumor
 Ovarian 23 (85) 14 (74)
 Endometrial 4 (15) 0 (0)
 Breast 0 (0) 5 (26)a

Prior lines of therapy
 1 12 (44) 14 (74)
 2 12 (44) 3 (16)
 3 1 (4) 2 (10)
 4 2 (7) 0 (0)

PARPi
 Olaparib 17 (63) 14 (74)
 Niraparib 8 (30) 5 (26)
 Rucaparib 2 (7) 0 (0)

Relative dose intensity [median (SD)]b 67% (± 24%) 88% (± 23%)
Known hematological disease
 None 27 (100) 19 (100)

Concomitant hematotoxic treatment 0 (0) 0 (0)

Fig. 3   All-grade and grade ≥ 3 lymphopenia among the PARIB-
OLD-HCL groups
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an increase in tumor suppressor pathway activation to avoid 
the onset of leukemia [28]. This process likely escalates with 
PARP inhibition, which is responsible for greater sensitivity 
to the apoptosis pathway, as explained earlier. Lymphocyte 
lineage, which may decline due to age-related hematopoietic 
changes [29], could thus be influenced by various intercur-
rent events, such as PARPi, possibly leading to profound 
lymphopenia and infectious-related consequences. The 
authors suggest a possible explanation for lymphopenia 
occurring in older patients, as summarized in Fig. 5.

Considering that PARPi treatment seems to be related to 
clonal hematopoiesis expansion, potentially leading to overt 
myelodysplastic syndrome (MDS) and acute myeloid leu-
kemia (AML) [6, 10, 30], and that lymphopenia is reported 
to be linked to poor survival and cancer, especially in the 
case of underlying altered erythropoiesis [31, 32], and to an 
increased risk of myeloid malignancy [33], the relationship 
between PARPi-induced lymphopenia and treatment-related 
MDS/AML should be explored.

The present study has certain limitations; regarding the 
scoping review, a meta-analysis with heterogeneity and sen-
sitivity analysis would have provided more accurate results. 
Reports of selection and data collection were independently 
performed by two authors to minimize various bias. Moreo-
ver, results obtained in this review were then compared with 
real-life data obtained in our center. Considering the real-
life study, its single-center and retrospective design, along 
with its modest size, might have limited its power and likely 

explain its non-significant results. However, the use of auto-
matic requests from medical charts allowed to limit inclusion 
bias; the availability of laboratory reports was not prone to 
subjectivity. Patients included in the retrospective analysis 
only had gynecological cancer (due to drug approval during 
the study period) and all were female, which might partly 
account for the differences in the results of the scoping 
review. For the same reasons, only three PARPi were pre-
scribed in our center. Moreover, the median follow-up was 
shorter for the ‘young’ group, which might account for the 
difference in grade ≥ 3 lymphopenia onset.

Further study would be of first interest to investigate the 
real impact of PARPi on lymphopenia. This issue is even 
more crucial for older patients, since, for decades, their 
immunity has been known to be disturbed, as described by 
Wallford et al. [34]. In fact, if the consequences of lympho-
penia are more vague than other cytopenias, it remains a key 
prognostic factor, especially in ovarian cancer [18, 19], and 
would thus deserve more consideration.

5 � Conclusion

PARPi are responsible for a significant rate of all-grade 
and grade ≥ 3 lymphopenias, especially in the older pop-
ulation, possibly due to the synergic effect of PARPi and 
aging on hematopoietic function. Lymphocyte count should 

Fig. 4   Lymphocyte count evolu-
tion under PARPi treatment. 
Continuous line represents the 
median value on 2-week sliding 
time windows, and the shaded 
area depicts the maximum/
minimum values for the same 
time period. PARPi poly(ADP-
ribose) polymerase inhibitors
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be reported in trials, as is already done for platelet count 
and hemoglobin. This article urges the design of clinical 
trials dedicated to older patients, who account for the larg-
est part of cancer patients and deserve specific studies to 
better understand age-related toxicities. Such work would 
be of great use to identify the most vulnerable population 
and improve the management of related toxicity, such as 
trimethoprim/sulfamethoxazole (TMP-MSX) prophylaxis, 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) vaccination schedule, etc.
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