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Abstract

Background: Immune checkpoint inhibitors (ICIs) have been a
breakthrough in cancer therapy. ICI therapy is generally better toler-
ated than cytotoxic chemotherapy; however, hematological adverse
events (AEs) have not been fully analyzed. Hence, we performed a
meta-analysis to evaluate the incidence and risk of ICI-related hema-
tological AEs.

Methods: A systematic literature search was performed using Pub-
Med, EMBASE, Cochrane Library, and the Web of Science Core
Collection. Phase III randomized controlled trials (RCTs) involving
ICI combination regimens were selected. The experimental group re-
ceived ICIs with systemic treatment, and the control group received
only the same systemic treatment. Odds ratios (ORs) for anemia,
neutropenia, and thrombocytopenia were calculated using a random-
model meta-analysis.

Results: We identified 29 RCTs with 20,033 patients. The estimated
incidence rates for anemia of all grades and grades III-V were 36.5%
(95% confidence interval (CI) 30.23 - 42.75) and 4.1% (95% CI 3.85
- 4.42), respectively. The incidence of neutropenia (all grades 29.7%,
grades III-V 5.3%) and thrombocytopenia (all grades 18.0%, grades
III-V 1.6%) was also calculated.

Conclusion: Treatment with ICIs seemed unlikely to increase the in-
cidence of anemia, neutropenia, and thrombocytopenia in all grades.
However, programmed cell death-1 receptor ligand inhibitors signifi-
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cantly increased the risk of grades III-V thrombocytopenia (OR 1.53;
95% CI 1.11 - 2.11). Further research is needed to examine the poten-
tial risk factors.
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Introduction

Immune checkpoint inhibitors (ICIs) have shown significant
efficacy in various cancers, including non-small cell lung
cancer (NSCLC), small cell lung cancer (SCLC), melanoma,
classical Hodgkin lymphoma, head and neck squamous cell
carcinoma, urothelial cancer, and renal cell carcinoma [1-3].
Approved ICIs include monoclonal antibodies against pro-
grammed cell death-1 receptor (PD-1), its ligand (PD-L1),
and cytotoxic T lymphocyte antigen-4 (CTLA-4). In addition
to the consistent and significant clinical effects achieved by
enhancing the immune response to control malignancies, ICls
also induce severe multiple organ system toxicities. These
include hematopoietic system, which may cause intolerance
resulting in an immune response against autologous tissue [4,
5]. These adverse events (AEs), termed immune-related AEs
(irAEs), are primarily associated with dysregulation of T-cell
function. Frequently reported clinical hematological compli-
cations include neutropenia, immune thrombocytopenia (ITP),
autoimmune hemolytic anemia, and immune thrombocyto-
penic purpura. Generally, hematological side effects associ-
ated with conventional chemotherapies can be managed with
appropriate supportive care; however, AEs from ICIs can be
severe and, if neglected, can lead to conditions that have poor
prognosis.

Although multicenter clinical data analyses, case series
analyses, and meta-analyses have been conducted on the
hematological AEs of ICI therapies [6-8], to the best of our
knowledge, no meta-analysis using randomized controlled tri-
als (RCTs) has focused on concomitant anticancer therapies.
ICIs are being extensively used for a wide range of cancers,
in combination with other anticancer agents or in two-drug
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regimens. Hematological complications, such as anemia, can
occur in patients with advanced cancer; hence, it is important
to determine the hematological toxicities associated with ICIs
for the selection of treatment regimens and management of
AEs. Therefore, we performed a systematic review and meta-
analysis of RCTs to estimate the incidence of hematological
AEs and their association with ICIs.

Materials and Methods

Systematic search for locating studies and selection

This systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [9, 10] and registered in the University
Hospital Medical Information Network Center Clinical Trial
Registry (Japan) (UMIN000046032) [11]. Institutional review
board approval and patient informed consent were waived since
this was a review study. This study was conducted in compliance
with all the applicable institutional ethical guidelines for the care.

In the electronic search, we systematically queried Pub-
Med, EMBASE, Cochrane Central Register of Controlled
Trials, and the Web of Science Core Collection (up to August
16, 2021) for RCTs reporting anemia, neutropenia, and throm-
bocytopenia with ICIs. The search formulas are presented in
Supplementary Material 1 (www.thejh.org). Two investigators
(AM and KT-M) independently screened the candidate articles
by checking the title and abstract after uploading the citation
list into Endnote X9 software (Thomson Reuters, Philadelphia,
PA, USA). The inclusion criteria were as follows: 1) patients
clinically diagnosed with hematological cancer or other solid
tumors; 2) ICI monotherapy with systemic treatment as the ex-
perimental group and only the same systemic treatment for the
control group; 3) study with three arms where ICI was includ-
ed in at least one arm; 4) published study designed as a phase
IIT RCT; and 5) evaluation of hematological AEs in the study.
The exclusion criteria were as follows: 1) studies with no data
on anemia, neutropenia, and thrombocytopenia; 2) republished
research literature; 3) studies published in languages other than
English; and 4) conference abstracts. Disagreements in assess-
ing the cases or data were resolved via discussion between the
two investigators.

Data extraction

The total number of patients treated with ICIs and the number
of patients who developed grade I-V anemia, neutropenia, and
thrombocytopenia (Supplementary Material 2, www.thejh.org)
in each treatment arm were collected from the eligible RCTs. If
a study included more than two comparable arms, we selected
only one comparable pair to evaluate the effect of ICIs. We also
included grade > 3 anemia, neutropenia, and thrombocytope-
nia. AEs were graded according to the Common Terminology
Criteria for Adverse Events system [12]. Data were extracted
in standardized tables by one reviewer (TO) and verified by a
second reviewer (AM).
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Data synthesis and statistical analyses

A meta-analysis evaluating the contribution of ICIs to the in-
cidence of hematological AEs was performed using random-
effects models. Odds ratios (ORs) and 95% confidence intervals
(Cls) were calculated for the risk of hematological toxicity as-
sociated with ICIs. Heterogeneity was assessed using the 1 sta-
tistic. Heterogeneity was indicated by 12, where 0% indicated no
heterogeneity and 100% indicated the strongest heterogeneity.
Statistical analyses were performed using Review Manager 5.4
(Cochrane Community, London, UK). We also conducted sub-
group analyses based on ICI type (PD-1, PD-L1 inhibitor and
CTLA-4 inhibitor) and cancer type. In addition, we assessed the
risk of hematological toxicity between ICI + cytotoxic agents
and ICI + non-cytotoxic agents. The Cochrane Risk of Bias Tool
was used to evaluate the risk of bias for each RCT [13]. Two
reviewers (TO and AM) independently assessed RCT quality.

Results

Summary of systematic review and meta-analysis

Of the 5,471 candidate articles, 120 were reviewed in detail
(Fig. 1). Of the 120 articles, 19 were excluded, and 71 of the 101
selected articles had insufficient data to assess [ClI-related hema-
tological AEs. Finally, 29 RCTs were included in this meta-anal-
ysis (Supplementary Material 3, www.thejh.org) [14-42]. The
characteristics of the included studies are summarized in Sup-
plementary Material 3 (www.thejh.org). The overall risk of bias
for most evaluated studies was low (Supplementary Material 4,
www.thejh.org). Visual inspection of funnel plots was also as-
sessed (Supplementary Material 5, www.thejh.org). There was
no clear risk of publication bias in the included studies.

The PD-1 inhibitor was used in 10 studies involving 3,901
patients, the PD-L1 inhibitor was evaluated in 14 studies involv-
ing 4,713 patients, and the CTLA-4 inhibitor was assessed in
five studies involving 2,057 patients. Tumor types of the eligible
studies included NSCLC (n = 7), breast cancer (n = 5), gastric
cancer (n=4), SCLC (n=3), myeloma (n = 3), urothelial cancer
(n = 3), melanoma (n = 2), and ovarian cancer (n = 2).

Incidence of hematological complications treated with ICIs

The incidence of anemia, neutropenia, and thrombocytope-
nia for ICIs with subsequent systemic therapy was analyzed.
A total of 29 RCTs involving 20,033 patients with grade I-V
anemia and 28 RCTs involving 19,522 patients with grade I1I-
V anemia were evaluated. The estimated incidence rates for
grades I-V and III-V anemia were 36.5% (95% CI 30.2 - 42.8)
and 4.1% (95% CI 3.9 - 4.4), respectively (Fig. 2).

Regarding neutropenia, 25 RCTs involving 17,536 patients
and 26 RCTs involving 18,310 patients were evaluated for grade
I-V and III-V neutropenia. The estimated incidence rates for
grade I-V and grade I1I-V neutropenia were 29.7% (95% CI 24.8
- 34.6) and 5.3% (95% CI 3.9 - 6.7), respectively (Fig. 2). In
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Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection process.

subgroup analyses based on ICI type, no significant difference in
heterogeneity was observed for grade I-V neutropenia (P = 0.69).

Regarding thrombocytopenia, 18 RCTs involving 12,575
patients and 23 RCTs involving 15,562 patients were evalu-
ated for grade I-V and III-V thrombocytopenia. The estimated
incidence rates for grade I-V and grade I1I-V thrombocytope-
nia were 18.0% (95% CI 15.0 - 20.1) and 1.6% (95% CI 1.1
- 2.1), respectively (Fig. 2).

Risk of hematological complications associated with ICI
treatment

The risk of anemia, neutropenia, and thrombocytopenia in

each RCT that compared ICI plus systemic treatment with
the same systemic treatment only as controls was evaluated.
Compared with the control arms, treatment with ICIs did not
increase the incidence of grade I-V anemia (OR 1.05; 95% CI
0.98 - 1.14, 1> = 26%) (Fig. 3). The ORs of grade I-V neutro-
penia and thrombocytopenia were 1.10 (95% CI 1.01 - 1.19, I2
=23%) and 1.15 (95% CI 1.02 - 1.31, I> = 37%)), respectively
(Fig. 3). We also analyzed the data based on ICI types. For
grade [-V anemia, neutropenia, and thrombocytopenia, no dif-
ferences were observed among the ICI types (P > 0.05) (Sup-
plementary Material 6, www.thejh.org).

Cases of severe or life-threatening anemia, neutropenia,
and thrombocytopenia were infrequent, but their frequency
varied depending on the type of ICIs and concomitant medi-
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Figure 2. Mechanism of action of immune checkpoint inhibitors and hematological complications of immune checkpoint inhibi-
tors. CTLA-4: cytotoxic T lymphocyte antigen-4; MHC: major histocompatibility complex; PD-1: programmed cell death-1 recep-

tor; PD-L1: PD-1 ligand 1; TCR: T-cell receptor.

cation. In grade III-V hematological AEs, CTLA-4 inhibitor
and PD-1 inhibitor did not increase the risk; however, PD-L1
inhibitor significantly increased the risk of thrombocytopenia
(OR 1.53;95% CI 1.11 - 2.11, I* = 0%) (Supplementary Mate-
rial 7, www.thejh.org). Nevertheless, no significant difference
was observed in each group in this analysis (I*> = 38.2%, P =
0.20). Grades III-V thrombocytopenia induced by PD-L1 in-
hibitor was more frequent when ICIs were combined with cy-
totoxic agents than in combination with non-cytotoxic agents
(Supplementary Material 7, www.thejh.org).

Subgroup analysis of the risk of hematological toxicities
based on cancer type

The incidence of hematological AEs did not significantly dif-
fer according to the type of cancer. Subgroup analysis revealed
that some combinations of ICIs and cancer type increased the
incidence of hematological AEs, with a significant increase in
grade III to V thrombocytopenia, especially in the combina-
tion of PD-L1 and NSCLC (OR 2.85; 95% CI 1.17 - 6.96, 1
= 0%) (Supplementary Material 8, www.thejh.org). However,
the small number of RCTs included in individual categories
should be interpreted with caution.

Discussion

ICIs have revolutionized cancer therapy by providing antitu-
mor effects in various types and stages of cancer that are not
achievable with existing drugs. Consequently, many clinical
trials are underway to expand their indications. ICI therapies
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are generally better tolerated, and their associated toxicity
can be managed with appropriate supportive care compared
to cytotoxic chemotherapy. Agents that inhibit coinhibitory
immune checkpoint molecules, such as PD-1, activate the im-
mune response to control malignancy. However, ICIs may also
induce an immune response against self-tissues, leading to
various AEs. Clinically, this manifests as autoimmune disease-
like side effects including skin, gastrointestinal, liver, lung,
and endocrine toxicity. These AEs, called irAEs, are primarily
associated with dysregulated T-cell functions. Our study ana-
lyzed only anemia, neutropenia, and thrombocytopenia due
to ICIs. However, other life-threatening hematological irAEs
such as aplastic anemia, hemophagocytic lymphohistiocytosis
and acquired hemophilia A after ICIs have also been reported
[43, 44], but these AEs were not analyzed. We performed a
systematic review and meta-analysis of ICI trials in patients
with cancer and evaluated the incidence of hematotoxicity in
different ICIs, combination of each ICI and other systemic
chemotherapy, and tumor types. Hematological abnormali-
ties are frequently seen in cancer patients. The strength of this
study was only phase III RCTs that compared the add-on effect
of ICIs on the control arm were extracted, resulting in more
accurate risk for ICI-related cytopenias.

The mechanisms underlying the risk of immunotherapy-
related cytopenia are currently unclear, but multiple mecha-
nisms may be involved. Patients with urothelial cancer or
NSCLC may have previously received platinum-based chemo-
therapy, which may explain the high incidence of cytopenia.
Kasamatsu et al reported that patients with chronic ITP had a
significantly higher frequency of the PDCD1 +7209 TT gen-
otype, a single nucleotide polymorphism in PD -1, which is
possibly related to our results [44]. Drug-related autoimmune
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Figure 3. The forest plot of the odds ratio of grade |-V hematological adverse events comparing the additional immune check-
point inhibitor use with control therapy. (a) Anemia. (b) Neutropenia. (c) Thrombocytopenia. Cl: confidence interval.
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Figure 3. (continued) The forest plot of the odds ratio of grade |-V hematological adverse events comparing the additional im-
mune checkpoint inhibitor use with control therapy. (a) Anemia. (b) Neutropenia. (c) Thrombocytopenia. Cl: confidence interval.

phenomena of ICIs are associated with the direct activation
of autoreactive T and B cells and suppression of T-reg cells
[45]. In the case of anemia, a study reported that the activation
of B cell clones with hemolytic action on erythrocytes causes
anemia [45]. In the case of platelets, immune-related thrombo-
cytopenia (irTCP), including ITP, caused by ICI, is considered.
IrTCP is mediated by platelet autoantibodies, which accelerate
platelet destruction and inhibit platelet production. The pro-
clivity to develop platelet-reactive antibodies arises from di-
verse mechanisms. In this study, it is remarkable that the risk
of grade I1I-V thrombocytopenia was significantly higher than
that of other hematological toxicities. Furthermore, we found
a significant increase in grade III-V thrombocytopenia in the
combination of PD-L1 and NSCLC. Strikingly, this finding is
consistent with a previous study [46], which showed platelets,
during their frequent interaction with tumor cells, ingest PD-
L1 and present it on their surface using platelets from NSCLC
patients. Tyler et al also showed that grade III or higher throm-
bocytopenia caused by ICI also affected overall survival reduc-
tion compared with thrombocytopenia caused by other causes,
and the median (interquartile) time to grade III thrombocyto-
penia was 72.5 days [47]. Since several reports have linked
the development of irAEs to prolonged OS, irTCP is likely to
have a significant impact on the clinical course, and it is im-
portant to identify and appropriately manage patients at higher
risk [48-53]. Previous studies have reported that smoking sta-
tus, cancer type (melanoma and lung cancer), body mass index
(> 25), and low-grade thrombocytopenia prior to ICI therapy
were significantly associated with the development of grade
I or higher thrombocytopenia of any etiology and early in-
tervention is required for such patients [48]. Future studies are
needed to determine the relationship between response rates
for ICIs and cytopenia.
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Our study had several limitations. First, it was a study-
level meta-analysis and was not based on individual patient
data. Consequently, a comprehensive analysis, adjusting for
baseline factors such as performance status, age, prior treat-
ment, and other disparities that exist between trials was not
possible. Second, the clinical studies included in our analysis
included cancers with different levels of risk of hematotoxic-
ity. There were not a sufficient number of RCTs to analyze
for each ICI drug. Unfortunately, the newer PD-1 inhibitors
(dostarlimab; zimberelimab; sintilimab) were not included in
the present analyses because they were not well reported at
the time of our literature search. Lastly, hematotoxicity may
occur due to a variety of common exposures, medications, and
concomitant conditions that influence the platelet count. Past
and concurrent chemotherapy are the major causes of mild to
life-threatening hematotoxicity.

In conclusion, the present meta-analysis is one of the few
attempts to systematically estimate the incidence of hemato-
toxicity associated with immunotherapy in patients with can-
cer using a comprehensive search analysis. Treatment with
ICIs seemed unlikely to increase the incidence of anemia,
neutropenia, and thrombocytopenia in all grades, but PD-L1
inhibitors may be associated with a high risk of grade III-V
thrombocytopenia. For the safe use of these drugs, periodic
checks and appropriate management of toxicity are required.
Further studies are needed to clarify the pathogenesis and risk
factors of ICI-associated hematotoxicity.
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