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Immune thrombocytopenia in a small cell lung cancer patient
treated with atezolizumab: a case report

Guihuan Qiu'*, Suyang Li", Bingliang Li', Qingqing Yang’, Haiyi Deng’, Yilin Yang', Xiaohong Xie',
Xinging Lin', Nobuhiko Seki’, Satoru Miura*, Takehito Shukuya’, Chengzhi Zhou', Ming Liu'

'State Key Laboratory of Respiratory Disease, National Clinical Research Centre for Respiratory Disease, Guangzhou Institute of Respiratory
Health, The First Affiliated Hospital of Guangzhou Medical University, Guangzhou, China; *Clinical Laboratory Department, The First Affiliated
Hospital of Guangzhou Medical University, Guangzhou, China; *Division of Medical Oncology, Department of Internal Medicine, Teikyo
University School of Medicine, Kaga, Itabashi-ku, Tokyo, Japan; ‘Department of Internal Medicine, Niigata Cancer Center Hospital, Niigata, Japan;
*Department of Respiratory Medicine, Juntendo University Graduate School of Medicine, Tokyo, Japan

Contributions: (I) Conception and design: M Liu, G Qiu, S Li, C Zhou; (II) Administrative support: C Zhou; (III) Provision of study materials or
patients: G Qiu, Q Yang, B Li; (IV) Collection and assembly of data: Y Yang, H Deng, X Lin; (V) Data analysis and interpretation: X Xie, N Seki, S
Miura, T Shukuya; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Chengzhi Zhou; Ming Liu. State Key Laboratory of Respiratory Disease, National Clinical Research Centre for Respiratory
Disease, Guangzhou Institute of Respiratory Health, The First Affiliated Hospital of Guangzhou Medical University, 151# Yanjiang Road,
Guangzhou 510120, China. Email: doctorzcz@163.com; mingliul28@hotmail.com.

Background: Immune checkpoint inhibitors (ICIs), an enormous oncological breakthrough in the last 10
years, have become the standard treatments for several types of solid cancers. Although ICIs are generally
well tolerated and result in favorable outcomes, they also cause unique immune-related adverse events (irAEs)
across bodily systems and organs. Compared to most common irAEs, which occur in the endocrine, skin,
pulmonary system, and gastrointestinal tract, haematological irAEs (haem-irAEs) are relatively rare but
potentially life-threatening events that are occasionally irreversible and refractory. Currently, haem-irAEs
are not sufficiently understood, management, and lack consensus, while other common irAEs have well been
characterized and managed. The reports of ICI-related thrombocytopenia in small cell lung cancer (SCLC)
are rarely seen. Hence, we reported a rare case of severe steriod-resistant ICI-related thrombocytopenia
after received chemotherapy plus anti-PD-L1 inhibitor in SCLC patient. Our case exemplifies the diagnosis,
diagnosis of exclusion, treatment, and prognosis of thrombocytopenia in the pattern of combination therapy,
meanwhile, the subject of diagnosis, therapies, therapeutic strategies for refractory type and incidence,
potential biomarkers, mechanisms and prognosis in ICI-related thrombocytopenia have been fully discussed.
Case Description: Herein, we present a 64-year-old man diagnosed advanced SCLC developed
refractory immune-related severe thrombocytopenia, who achieved favorable outcomes of cancer following
chemotherapy combined with atezolizumab administrated. Routine blood re-examination on the third day
of 6th therapy showed a thrombocyte count of 11x10°/L. Combined the medical history and the results
of laboratory tests, the diagnosis of ICI-induced thrombocytopenia was confirmed. Despite large doses of
methylprednisolone, immunoglobulin, and rituximab, intermittent platelet transfusion, thrombopoietin
being administrated to the patient, there were no signs of platelet count and hemoglobin improvement.
Currently, this is the first case about atezolizumab induced thrombocytopenia in SCLC patient, while there
is extremely rare haem-irAEs reported in SCLC.

Conclusions: Although ICI-related severe thrombocytopenia is rare, it may persist or even be
fatal. Clinicians should pay more attention to its diagnosis and prompt treatment. Once developed
thrombocytopenia, large doses of methylprednisolone, ntermittent platelet transfusion, thrombopoietin
should be timely administrated, also plasma exchange or rilzabrutinib, other immunosuppressive drugs, or

IL-6 inhibitor warrant apply if steriod-resistant.
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Introduction

Immunotherapy has revolutionized the field of oncology
via its blocking of the immunosuppressive effect on the
interaction between cytotoxic T-lymphocyte—associated
antigen 4 (CTLA-4) and programmed cell death protein
1 (PD-1) and its ligand, programmed death-ligand 1 (PD-
L1) (1). Immune checkpoint inhibitors (ICIs) work by
activating autoimmunity and relieving the suppressed
state of the immune system, which is always accompanied
by excessive autoimmune responses and inflammation
in various systems. The most common immune-related
adverse events (irAEs) occur in the endocrine system, skin,
pulmonary system, and gastrointestinal tract (2).

Haematological irAEs (haem-irAEs) are relatively rare
and are initially underestimated, but can be potentially life-
threatening events that are occasionally irreversible and
refractory (3). Recently, several studies have shown that,
among haem-irAEs, thrombocytopenia and hemolytic
anemia (HA) were more prevalent and occasionally
occurred concomitantly (3,4). Some cases of ICI-related
thrombocytopenia have been reported among patients
with non-small cell lung cancer (NSCLC) and melanoma.
Thrombocytopenia accounts for about 26-29% of haem-
irAEs; the incidence of thrombocytopenia caused by ICIs
is lowest among those treated with PD-1/L.1 monotherapy
(4,5). In an Asian cohort involving 141 patients receiving
anti-PD-1 or anti-PD-L1 therapy, it was found that only
one patient developed thrombocytopenia (6). There was
only one case reported that ICI-induced thrombocytopenia
in small cell lung cancer (SCLC) at present (7). Notably,
unlike other irAEs, immune-related thrombocytopenia
was associated with worse overall survival in patients
treated with ICI. Currently, the incidence, pathogenesis,
diagnosis, and management of haem-irAEs or ICI induced
thrombocytopenia are not sufficiently understood.

Herein, we present for the first time a case of refractory
immune-related severe thrombocytopenia and mild anemia
that occurred concomitantly in a SCLC patient treated
with chemotherapy combined with atezolizumab. Despite
large doses of methylprednisolone, immunoglobulin and
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rituximab, intermittent platelet transfusion, thrombopoietin,
and hemoglobinogen being administered to the patient, this
glucocorticoid-refractory immune thrombocytopenia case
was unfortunately fatal. To better understand and manage
ICI-induced thrombocytopenia, the subjects of diagnosis of
ICI-induced thrombocytopenia in the treatment pattern of
chemotherapy combined ICI, strategies for the treatment
of ICI-induced thrombocytopenia versus other causes of
thrombocytopenia, therapeutic options for patients with
glucocorticoid-resistant ICI-induced thrombocytopenia
and current research progress on the incidence, potential
biomarkers, mechanisms, and prognosis were been fully
discussed. We present the following article in accordance
with the CARE reporting checklist (available at https://tler.
amegroups.com/article/view/10.21037/tlcr-22-745/rc).

Case presentation

A 64-year-old man with a heavy smoking history for over
30 years presenting with left thoracalgia and shortness of
breath visited The First Affiliated Hospital of Guangzhou
Medical University in May 2020. The Chest computed
tomography (CT) (Figure 1A4) revealed a mass in the upper
left lung, involving left pleural, left hilar and mediastinal
lymph nodes metastases, and a large pleural effusion on the
left. A biopsy of the left pleural metastases revealed SCLC
and a systemic work-up diagnosed him as stage cT4N3MIla.
The patient began receiving a combination of carboplatin
plus etoposide and atezolizumab every 3 weeks on the 2™ of
June 2020. Chest CT (Figure 1B) conducted on the 12" of
October 2020 indicated partial response.

Routine blood test conducted before each cycle
therapy, following administration of the sixth cycle of the
combination therapy, routine blood re-examination on the
third day (19" of December 2020) showed a white blood
cell count of 5.2x10°/L, hemoglobin of 12.3 g/dL, and a
thrombocyte count of 11x10°/L (Figure 2). The patient
denied any overt bleeding episodes, skin bruising or
ecchymoses, epistaxis, hematuria, fever, rash, diarrhea, or
dyspnea. A manual review of the peripheral smear excluded
pseudothrombocytopenia. The patient denied a history of
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Figure 1 CT scans of the patient. (A) CT scan before treatment revealed involving left pleural, the arrow indicates mass in the upper left

lung; (B) image of the patient’s partial response to chemotherapy combined with atezolizumab on the 12 of October, 2020. CT, computed

tomography.
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Figure 2 Dynamic changes in the routine blood test. PLT, thrombocyte; WBC, white blood cell count; MP, methylprednisolone; IVIG,

intravenous immunoglobulin; Hb, hemoglobin; TPO, thrombopoietin.

thrombocytopenia, and his platelet counts had previously
been within normal limits prior to and during the cancer
treatment. He received recombinant human interleukin-11
thrombopoietin, hemoglobinogen (subcutaneous injection),
and intravenous immunoglobulins daily during the
comprehensive inspection time. During this period, we
closely monitored the patient’s blood routine through finger
peripheral blood or peripheral venous blood. However, his
platelet counts did not improve, and his hemoglobin levels
had reduced (Figure 2).

The laboratory results revealed there were no blast cells,
schistocytes, or platelet clumping in the peripheral blood,
and the blood serum immunological tests indicated that the
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patient was positive for platelet-associated GPIIb-IIla and
GPIblx and anti-nuclear antibodies and negative for anti-
neutrophil cytoplasmic antibody. The test of C-reaction
protein, Cytomegalovirus DNA quantification, Epstein-
Barr virus DNA quantification were negative. Bone marrow
biopsy revealed that hypoplastic bone marrow and bare
megakaryocytes and the production of platelet was reduced,
but there was no evidence of fibrosis of the bone marrow,
tumor cells, or other dysplastic cells (Figure 3).

Based on the above findings, the diagnoses of
disseminated intravascular coagulation (DIC), hemolytic
uremic syndrome (HUS), thrombotic thrombocytopenic
purpura (T'TP), pseudothrombocytopenia, infection,
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Figure 3 The bone marrow biopsy revealed that hypoplastic bone marrow and megakaryocytes were barely present and the production of

platelets was reduced. Method of staining: Swiss Giemsa. Magnification, x10 and x100 respectively.
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Figure 4 Timeline figure described the diagnosis, treatment, progression, and prognosis. SCLC, small cell lung cancer; EC, etoposide plus
carboplatin; CT, computed tomography; WBC, white blood cell count; Hb, hemoglobin; PLT, thrombocyte; TPO, thrombopoietin; IVIG,

intravenous immunoglobulin; MP, methylprednisolone; ICIL, immune checkpoint inhibitor.

myelopathy, myelodysplastic syndrome, myelofibrosis,
aplastic anemia, and leukaemia were excluded. Apart from
the deterioration of hematology, the patient’s general
condition was fine. Hence, a diagnosis of ICI-induced
severe thrombocytopenia and mild anemia was considered.
He was treated with methylprednisolone (MP, 40 mg/day)
and intravenous immunoglobulin (IVIG, 10 g/day)
intravenously on days 1 to 7, meanwhile, thrombopoietin,
hemoglobinogen (subcutaneous injection), and intermittent
platelet transfusion were administrated. Unfortunately,
his platelet counts and hemoglobin did not improve
at all, despite the administration of rituximab. We
increased the dose of MP and IVIG to 120 mg/day
and 30 g/day, respectively, and intermittent platelet
transfusion, thrombopoietin, and hemoglobinogen
(subcutaneous injection) were given daily. There were no
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signs of improvement of the patient’s platelet count and
hemoglobin, so we advised the patient to receive plasma
exchange or rilzabrutinib, mycophenolate mofetil and I1L-6
inhibitor. The patient and his family refused further medical
treatment and he was discharged automatically. During a
follow-up telephone visit, the patient passed away on June
20, 2021 unfortunately. The timeline figure to describe the
diagnosis, treatment, progression, and prognosis of this
patient (Figure 4).

All procedures performed in this study were in
accordance with the ethical standards of the Ethics
Committee of the First Affiliated Hospital of Guangzhou
Medical University (No. 2021-38) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient’s son for publication of this
case report and accompanying images. A copy of the written
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consent is available for review by the editorial office of this
journal.

iMDT discussion

Discussion among physicians from The First Affiliated
Hospital of Guangzhou Medical University

We conducted intradisciplinary and multidisciplinary
consultation of this case. The current patient with a heavy
smoking history for over 30 years, who diagnosed SCLC
and a systemic work-up diagnosed him as stage cT4N3MIla,
received six cycles of platinum plus etoposide combined
atezolizumab. He developed refractory immune-related
severe thrombocytopenia and mild anemia concomitantly.
The patient denied a history of thrombocytopenia, and
laboratory findings together to rule out other etiologies.
Unfortunately, large doses of methylprednisolone,
immunoglobulin and rituximab, intermittent platelet
transfusion, thrombopoietin, and hemoglobinogen being
administered to the patient, and his conditions did not
improve.

Department of Oncology
Isolated case reports and case series have presented the
hematologic toxicities induced by ICIs, but the incidence,
diagnosis, and biological mechanisms in such patients
remain unclear (7-17). Previous reports have summarized
immune thrombocytopenia induced by immune
checkpoint inhibitors in lung cancer (17), and ICI induced
thrombocytopenia in only one case of SCLC (7). Haem-
irAEs have not only been poorly understood and described
but also lack consensus, whereas other common irAEs
have well been characterized and managed. Haem-irAEs
are relatively rare but may result in severe or even fatal
outcomes due to the lack of effective treatment medicines.
It has been shown that chemotherapy is a major
cause of life-threatening thrombocytopenia. Other
conditions, such as sepsis, liver failure, and disseminated
intravascular coagulation of the malignancy also can
cause thrombocytopenia. In the pattern of chemotherapy
combined with ICI treatment strategy, chemotherapy-
induced myelosuppression in the current patient was not
completely ruled out. Since his white blood cell count did
not decrease, and platelet count and hemoglobin did not
improve despite the administration of thrombopoietin and
hemoglobinogen, the patient’s hematological toxic side
effects were considered to be caused by anti-PD-L1 therapy.

© Translational Lung Cancer Research. All rights reserved.
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Discussion of immunology specialist

The pathophysiology of immune thrombocytopenia (I'TP)
is complex and remains poorly understood. Autoantibodies
and abnormalities in T cells have been described as
potential mechanisms of platelet destruction. Drug-induced
thrombocytopenia is an acquired autoimmune disease.
In the presence of the drug, platelets are destroyed by
phagocytic cells through the production of autoantibodies
(18,19). The main features of I'TP are excessive amounts of
destroyed platelets and decreased platelet production, which
results in bleeding, arterial thromboembolism, or venous
thrombosis. A previous study revealed that the production
of platelet-associated immunoglobulin G (PA-IgQG) is
stimulated by PD-1 or PD-L1 inhibitors, which can block
the immunoinhibitory effect of PD-1 on T cells, while
the basic underlying pathophysiology of ITP is Fc gamma
receptor (FcgR)-mediated phagocytosis via the targeting
PA-IgG (20). Moreover, immune thrombocytopenia was
found to be associated with worse overall survival in a
recent retrospective study (21). The excessive stimulation of
PD-1/PD-L1 signaling may develop into I'TP and promote
platelet destruction. The platelet counts of the current
patient decreased rapidly following administration of the
sixth cycle of ICI plus chemotherapy, and the antibodies
against platelet-associated GPIIb-IIla and GPIbIx were
positive.

Department of Hematology

Without a standard universal treatment strategy,
immunosuppressives such as corticosteroids and rituximab
are administrated for ICI-induced I'TP. Glucocorticoid
treatment is the standard first-line option for patients with
ITP, but only 60-80% of patients with I'TP have an initial
response, and 30-50% have a sustained response. IVIG is
another option, but the effects last for only 1-2 weeks. In
life-threatening situations, additional treatments should
be applied, including thrombopoietin-receptor agonists,
rituximab, fostamatinib, etc. Rilzabrutinib, an oral Bruton
tyrosine kinase (BTK) inhibitor, has been approved for
the treatment of I'TP, which may provide an alternative
option for glucocorticoid-refractory cases. Moreover,
sutimlimab, a monoclonal antibody that targets Cls, is a
novel complement-directed therapy for research in patients
with ITP. Sirolimus (SRL), a mammalian target of the
rapamycin (mTOR) inhibitor, has been demonstrated to
inhibit lymphocyte activity, indicating the potential for SRL
application in the treatment of I'TP (22). In the current
glucocorticoid-refractory case, despite the administration
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of large doses of corticosteroids, immunoglobulin, and
rituximab, the patient’s platelet counts and hemoglobinogen
did not improve at all. We advised him to receive the plasma
exchange or rilzabrutinib, other immunosuppressive drugs,
or IL-6 inhibitor, but he refused further treatment.

Several issues regarding the diagnosis and treatment of
this patient are further discussed as follows

Question 1: how can we quickly identify whether
thrombocytopenia is caused by chemotherapy drugs

or immune checkpoint inhibitors during the treatment
pattern of chemotherapy and immunotherapy?

Expert opinion 1: Nobuhbiko Seki

It is very difficult to determine exactly and quickly which
drug is responsible for thrombocytopenia. However, in
the case of chemotherapy-induced thrombocytopenia, the
time to nadir, platelet counts at nadir, and recovery time
from nadir are likely to be consistent with each course of
the treatment. Therefore, when severe thrombocytopenia
appears suddenly for the first time, which was not seen in
the previous courses of treatment as in the current case, it
is natural to assume that this phenomenon is attributable to
immune checkpoint inhibitors rather than chemotherapy.

However, the median time to onset of immune
thrombocytopenia is known to be 40 days (range, 3-
405 days), and those with anti-CTLA-4 based therapy
and with anti-PD-1/PD-L1 inhibitors are also known
to be 23 and 47.5 days, respectively (3). Therefore, it is
important to note that we are likely to come across immune
thrombocytopenia with inadequate recognition of platelet
nadir pattern due to chemotherapy.

On the other hand, PA-IgG has been shown to
be useful as a simple diagnostic method for immune
thrombocytopenia. Of course, PA-IgG can be induced
not only by immune checkpoint inhibitors but also
by chemotherapy. However, in the case of a positive
result, it is more natural to first consider the possibility
that the immune thrombocytopenia is attributable to
immune checkpoint inhibitors rather than chemotherapy.
Therefore, when a patient presents with a sudden onset of
thrombocytopenia as in the current case, immediate PA-
IgG testing may be useful because anyone can check it
in the daily clinical practice to estimate whether immune
thrombocytopenia is present and which drug is most likely
responsible for it.

Expert opinion 2: Satoru Miura
As the case report described, it is extremely important to
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know whether thrombocytopenia has occurred during the
previous treatment. Additionally, the blood cell count data
will be useful. Thrombocytopenia without other cytopenia
sounds is highly likely to be an irAE. Onset timing will be
also important. Thrombocytopenia that develops during
the maintenance period of ICI, which is almost unaffected
by chemotherapy, should be examined considering irAE or
disseminated intravascular coagulation (DIC) associated
with worsening disease.

Expert opinion 3: Tukebito Shukuya

This is a difficult question, but I would suspect that
thrombocytopenia is due to immune checkpoint
inhibitors if the timing of onset of thrombocytopenia
is early or late compared with cytotoxic chemotherapy
alone, thrombocytopenia is severe enough for cytotoxic
chemotherapy alone, or if thrombocytopenia is prolonged.
I also believe that such signs should be noted in those
associated with hemophagocytic syndrome, since it
is accompanied by other blood cell decreases, fever,
hepatosplenomegaly, lymphadenopathy, and skin rash.
When suspected, it is important to promptly collaborate
with a hematologist to proceed with a thorough
examination.

Question 2: what are the treatment strategies for
immune checkpoint inhibitor-induced thrombocytopenia
versus other causes of thrombocytopenia?
Expert opinion 1: Nobubiko Seki
The causes of thrombocytopenia are classified into immune
and nonimmune thrombocytopenia. Even in cases of
nonimmune thrombocytopenia such as infections, they are
usually caused by both ‘direct action, including the reduced
production and enhanced destruction of thrombocyte’ and
‘indirect action, including the etiology-induced immune
antibody’. Therefore, immunosuppressants like steroids as
well as the etiology-specific treatments are often needed.
On the other hand, in cases of immune thrombocytopenia,
immunosuppressants like steroids will carry the mainstream
of treatments. However, immune checkpoint inhibitor-
induced thrombocytopenia includes not only immune
thrombocytopenia but also thrombotic thrombocytopenic
purpura although most of the previous reports seem to equate
immune checkpoint inhibitor-induced thrombocytopenia
with immune thrombocytopenia (23). In particular, because
the present case showed treatment-refractory anemia,
thrombotic thrombocytopenic purpura should be included
in the differential diagnosis. In such a case, we have to
note that PA-IgG is not useful in differentiating immune
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thrombocytopenia from thrombotic thrombocytopenic
purpura because PA-IgG is often elevated in thrombotic
thrombocytopenic purpura as well. Furthermore, it is
important to note that immunosuppressants like steroids as
well as plasma exchange are the first-line treatments.
Expert opinion 2: Satoru Miura

The key therapeutic agent for immune checkpoint
inhibitor-induced thrombocytopenia is immunosuppressive
therapy represented by prednisolone. To treat other
thrombocytopenia, it is important to make an appropriate
differential diagnosis using bone marrow aspiration and
blood tests. DIC is often the cause of thrombocytopenia in
cancer treatment, and the treatment methods are different
from irAEs; therefore, it is particularly important as a
differential diagnosis.

Expert opinion 3: Tukebito Shukuya

Prednisolone, cyclosporine, and cyclophosphamide
are indicated for thrombocytopenia associated with
hemophagocytic syndrome, while prednisolone and
eltrombopag olamine are indicated for thrombocytopenia
due to idiopathic thrombocytopenia, and gamma globulin
and splenectomy may also be considered. In addition,
platelet transfusions should be administered as symptomatic
therapy. Treatment should be carried out in collaboration
with a hematologist.

Question 3: what are the treatment plans for
corticosteroid-resistant immune checkpoint inhibitor-
induced thrombocytopenia in the patient?

Expert opinion 1: Nobuhbiko Seki

As discussed by the Department of Hematology, the
treatments in the current corticosteroid-refractory case
include thrombopoietin-receptor agonists, rituximab,
fostamatinib, rilzabrutinib (an oral Bruton tyrosine kinase
inhibitor), sutimlimab (a monoclonal antibody that targets
Cls), and sirolimus (a mammalian target of the rapamycin
inhibitor) in addition to plasma exchange. Furthermore,
the combination therapies with corticosteroid and
mycophenolate mofetil based on a phase III trial, and with
corticosteroid, mycophenolate mofetil, and tocilizumab (a
monoclonal antibody that targets interleukin-6 receptor)
based on a case report have been attractive attention as the
promising treatment options (17,24).

By the way, regarding the corticosteroid-resistance,
previous investigations indicated that idiopathic
thrombocytopenic purpura patients with the HLA-
DRB1*0410 or HLA-DRB1*0405 allele were originally
resistant to corticosteroid treatment although this needs
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to be validated in immune checkpoint inhibitor-induced
thrombocytopenia (25,26). Furthermore, single nucleotide
polymorphisms of PDCD1 (e.g., =606 G/A and +63379
C/T) have been reported to be associated with low
susceptibility to corticosteroid in patients with immune
thrombocytopenia (27).

Expert opinion 2: Satoru Miura

Based on the ASCO guideline, 1-2 mg/kg/day dose
of prednisolone has been recommended as the initial
treatment for immune-thrombocytopenia. If worsening
or not improving, a dose of 1 g/kg IVIG, rituximab,
thrombopoietin receptor agonists, or immunosuppressive
agents will be the further treatment options (28). The
treatment courses of the case were reasonable. However, 1
believe that a higher initial dose of prednisolone may have
been better.

Expert opinion 3: Tukebito Shukuya

Normally, eltrombopag olamine and gammaglobulin should
be considered. In Helicobacter pylori-positive cases, its
eradication should be considered. Splenectomy should
also be considered, but it is unclear how effective they are
and whether they were possible in the presence of severe
thrombocytopenia with the complication of lung cancer.

Question 4: what is the current research progress on
the incidence, potential biomarkers, mechanisms, and
prognosis of immune checkpoint inhibitor-induced
thrombocytopenia?

Expert opinion 1: Nobubiko Seki

Although immune checkpoint inhibitor-induced
thrombocytopenia does not necessarily refer to immune
thrombocytopenia alone, I will focus on it because it is
the most frequent. The epidemiology can be summarized
approximately as follows.

The incidence of immune thrombocytopenia may vary
depending on the factors, including cancer type, nature of
study (prospective or retrospective), and treatment type
(immune checkpoint inhibitor alone, combined immune
checkpoint inhibitors, and immune checkpoint inhibitor
in combination with chemotherapy). Therefore, the
absolute incidence of immune checkpoint inhibitor-induced
thrombocytopenia is difficult to estimate. However, it would
be estimated to be roughly around 1% from the following
reports.

The largest recent study that described immune
thrombocytopenia was by Wang et a/. who reviewed 125
trials involving 20,128 patients treated with immune
checkpoint inhibitor and found that 1.16% developed
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thrombocytopenia (29). Kramer et 4/., who reviewed 7,626
patients treated with immune checkpoint inhibitor, found
that 0.2% developed immune thrombocytopenia (30).
Le Burel ez al., who retrospectively reviewed 908 patients
treated with anti-PD-1/PD-L1, also found that 0.2%
developed immune thrombocytopenia (31). Shiuan ez 4.
reviewed 2,360 patients with melanoma treated with
immune checkpoint inhibitor and identified eleven cases
(0.47%) that developed immune thrombocytopenia (16).
Haddad ez /., who retrospectively reviewed 1,038 patients
treated with immune checkpoint inhibitor monotherapy or
in combination therapy, found that 1.73% developed grade
3 or higher immune thrombocytopenia (21).

Expert opinion 2: Satoru Miura

Presumably, no biomarkers have been discovered to
predict thrombocytopenia as an irAE. The incidence
of thrombocytopenia due to ICI was extremely rare,
indicating 0.4-1.2% in the retrospective study (30). The
median duration of ICI-induced thrombocytopenia was
approximately 1 month. The treatment effect should be
carefully examined because it requires some time to recover,
reflecting on the platelet turnover time. Based on the
retrospective study, most cases improved with treatment
with steroids, IVIG, and rituxan. The presented case with
resistance to all treatments is believed to be extremely rare.
Expert opinion 3: Takebito Shukuya

The frequency of atezolizumab-induced hemophagocytic
syndrome is estimated to be less than 0.1%, and the rate of
thrombocytopenia is 5-10%. Regarding the mechanism,
in addition to hemophagocytic syndrome, there may
be an autoimmune mechanism similar to idiopathic
thrombocytopenic purpura.

Conclusions

ICI-induced ITP is exceedingly rare reported, but a life-
threatening adverse event given the lack of universally
effective strategies. Close monitoring and early recognition
of the relevant signs are the main interventions for I'TP. In
clinical practice, platelet count and PA-IgG fluctuations
should be closely monitored during ICI therapy for cancer
patients. Meanwhile, pathophysiology and differential
diagnosis were necessary considered. Also, corticosteroids
should be considered when necessary, and additional
treatments, including thrombopoietin-receptor agonists,
rituximab, mycophenolate mofetil, IL-6 inhibitor,
fostamatinib, rilzabrutinib, and sutimlimab, should be used
if the condition develops.
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