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Abstract

Immune checkpoint inhibitor anemias (ICI-A) are a rare entity which
can be potentially life-threatening without prompt identification. The
goal of the study is to characterize the presentation, evaluation, and
outcomes of ICI therapy in early phase clinical trial setting to guide
future research and to develop standardized care guidelines. Retro-
spective chart review of 333 patients who participated in early phase
clinical trials at the University of Texas MD Anderson Cancer Center
revealed four cases with ICI-A between 2016 and 2020. We iden-
tified a spectrum of four cases which included ICI-related autoim-
mune hemolytic anemias, hemophagocytic lymphohistiocytosis and
thrombotic microangiopathy as a result of combinatory investiga-
tional therapies involving ICI. Patient presentation, evaluation, bone
marrow pathology, interventions, and clinical course were reviewed.
The median time to onset of hematological immune-related adverse
events (heme-irAEs) in this retrospective series was 3.5 weeks (2 - 6
weeks). One patient had pre-existing untreated chronic lymphocytic
leukemia. Glucocorticoids are an effective first-line treatment in most
patients although most patients were not rechallenged but success-
fully had complete recovery and pursued further non-immunother-
apy-based therapies. Cognizance of ICI-A in clinical trial setting is
paramount to early recognition of heme-irAEs. Further research is
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needed to identify and stratify risk factors during clinical trial en-
rollment and optimal management strategies for immune-mediated
hematologic toxicities.

Keywords: Immunotherapy; Anemia; Phase 1; Hematological im-
mune adverse events

Introduction

Advent of immunotherapy has changed the treatment land-
scape in oncology and improved efficacy and durability of
responses. The use of agents that block co-inhibitory immune
checkpoint molecules, such as anticytotoxic T lymphocyte
antigen 4 (CTLA-4), programmed cell death protein 1 (PD-
1) and programmed cell death ligand 1 (PD-L1) amplify the
adaptive T cell response. However, this can lead to disequilib-
rium in immunologic tolerance leading to an unexpected off-
target immune response against innate organs due to lack of
antigen specificity. This may clinically manifest with a myriad
of autoimmune-like side-effects, such as dermatological, gas-
trointestinal, hepatic, pulmonary, endocrine and hematological
toxicities. Such adverse events, named “immune-related ad-
verse events (irAEs)” are principally linked to a dysregulated
T-cell effect to the homeostasis of the human system [1, 2].
Traditionally, hematological toxicities are observed with
chemotherapy and targeted therapies secondary to direct my-
elosuppression from cytotoxic or cytostatic response. Com-
pared to chemotherapeutic or targeted agents, immunothera-
pies have a distinct toxicity profile by inducing infiltration of
immune cells into the hematopoietic system [3]. In literature,
the incidence of hematological irAEs (heme-irAEs) is less than
1%. The spectrum of hematological toxicities reported with
immunotherapy include hemolytic anemia, pure red cell apla-
sia (PRCA), thrombocytopenia, neutropenia, lymphopenia,
hemophagocytic lymphohistiocytosis (HLH), aplastic anemia,
other bone marrow failure syndromes, thrombotic thrombocy-
topenic purpura (TTP) and other thrombotic syndromes [4, 5].
However, there is dearth of knowledge of its occurrence and
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Figure 1. Consort flow diagram.

presentation in the realm of investigational cancer therapeu-
tics where heightened acuity to immune-mediated hematologi-
cal adverse events is needed. Hence, we aim to examine the
incidence and provide descriptive review of the spectrum of
immune checkpoint inhibitor anemias (ICI-A) seen with in-
vestigational agents. To the best of our knowledge, this is the
first case report series of its kind in the early phase clinical
trial setting.

This was a retrospective observational study focused on
heme-irAEs limited to various types of anemia induced by an-
ti-PD-1 or anti-PD-L1 investigational agents between March
15, 2016, and February 5, 2020. This retrospective study was
approved by the Institutional Review Board (IRB) at The Uni-
versity of Texas MD Anderson Cancer Center, and informed
consent was waived due to retrospective nature of the study.
All patients included in this study however, provided written
informed consent before enrollment on an IRB-approved ICI-
based, early phase clinical trial. We defined ICI-associated au-
toimmune hemolytic anemia (ICI-AIHA) based on the criteria
developed by Leaf et al where a temporal correlation with ICI
use was noted [6]. We screened the electronic medical record
of 333 participants enrolled on ICI-based early phase clinical
trials between March 15, 2016, and February 5, 2020 to identi-
fy patients as represented in consort diagram (Fig. 1), who de-
veloped an abrupt decrease in hemoglobin (Hb) > 2 g/dL from
baseline (defined as cycle 1 day 1). We excluded patients who
did not receive ICI or developed acute bleeding from any sites,
direct temporal myelosuppressive effects, infections or renal
disease. We manually reviewed the electronic medical records
of all 333 patients to assess the causes of anemia, temporal re-
lationship with ICI administration, and obtain clinical and lab-
oratory data. Four patients were identified to have developed
ICI-A secondary to their direct attribution to development of
the respective adverse event. Respective ClinicalTrials.gov
Identifiers are NCT02009449; NCT02904226; NCT02983578
and NCT03307785. Adverse events (AEs) were graded ac-
cording to the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 5.0 [7]. Tumor responses
were assessed based on Response Evaluation Criteria in Solid

Tumors (RECIST) v1.1 and/or Immune Response Evaluation
Criteria in Solid Tumors (iRECIST) [8].

Case Reports

Case 1

A 69-year-old Caucasian male with diagnosis of stage IV
metastatic non-small cell lung adenocarcinoma with spread
to bilateral pleurae was referred for consideration for early
phase clinical trial after disease progression on three lines
of therapies including cisplatin and pemetrexed, carboplatin
and pemetrexed and single agent pemetrexed maintenance.
Next generation sequencing of tumor specimen showed an
ERBB4 and non-canonical KRAS mutation. He also had a
S-year history of untreated chronic lymphocytic leukemia
(CLL) comprising 40% of bone marrow involvement with
regional adenopathy with 13q deletion and unmutated /gVH
status. He was enrolled into a phase 1 clinical trial employ-
ing an anti-PD1 antibody in combination with a STAT3 in-
hibitor and received 11 cycles uneventfully. At his 12th cycle
clearance, patient developed grade 4 anemia (Hb 4.6 g/dL)
and grade 3 thrombocytopenia (platelets 32,000/uL) and was
admitted for further evaluation. The reticulocyte percent-
age was 1.2 while the serum lactate dehydrogenase (LDH)
was elevated at 439 U/L (reference values: 135 - 225 U/L)
and haptoglobin was undetectable although normal at base-
line. Peripheral blood smear had some dysplastic changes
(ovalocytes, few dysplastic neutrophils with left shift with
the presence of metamyelocytes, without microspherocytes,
schistocytes, or red blood cell (RBC) agglutination). A bone
marrow biopsy performed 1 month prior to this event showed
10% involvement of CLL with no blasts, decreased mega-
karyocytes, erythrocytes with mild dysplasia. Next genera-
tion sequencing for myelodysplastic syndromes (MDS) and
acute myeloid leukemia was negative for any genetic altera-
tions. The direct antiglobulin test (DAT) was positive for C3.
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Table 1. Patient Demographics

Case 1 2 3 4

Age 69 68 65 68

ECOG 2 1 0 0

Sex M F F F

Cancer type Non-small cell lung cancer  Gastroesophageal cancer Esophageal cancer Renal cell carcinoma
Histology Adenocarcinoma Adenocarcinoma Adenocarcinoma Clear cell carcinoma
Prior lines of therapy 1. cisplatin + pemetrexed 1. mFOLFOX 1. mFOLFOX 1. sunitinib

Comorbidities

Genomic alterations

Prior ICI exposure

Mechanism of action

Time to ICI-A?

Time to recovery

No. of cycle pre-ICI-A
No. of cycles post-ICI-A
Other heme-irAEs

2. carboplatin + pemetrexed
3. single agent pemetrexed

CLL

KRAS_G12F
KRAS K167E
ERBB4_R306C
STKII_A241P
TP53_R249S
PDLI 0%

No

STAT3 + anti-PD-L1
monoclonal antibody

4 weeks
20 weeks
11

0

Thrombocytopenia

2. paclitaxel + ramucirumab

Hypothyroidism Anxiety Diabetes mellitus
HER?2 negative EGFR Q217K N/A

PDLI 10-20% CDKN2A M52V

MMR intact MMR intact

Germline BRCA2 mutation: PDLI 5%

(BRCA2):c.1813dup HER?2 negative

(p-11e6051s)

No No No

PARP inhibitor + anti- ICOS agonist monoclonal Pegylated recombinant
PD-1 monoclonal antibody  antibody + anti-PD-1 IL-10 + anti-PD-1

+ VEGF inhibitor monoclonal antibody monoclonal antibody
6 weeks 3 weeks 2 weeks

8 weeks 0 weeks 4 weeks

21 2 4

14 0 0

No Thrombocytopenia Pancytopenia

aFrom last dose of ICI. ICI: immune checkpoint inhibitor; ICI-A: immune checkpoint inhibitor anemia; ECOG: Eastern Cooperative Oncology Group;
CLL: chronic lymphocytic leukemia; heme-irAEs: hematological immune-related adverse events; PD-L1: programmed cell death ligand 1; PD-1:
programmed cell death protein 1; PARP: poly-(ADP ribose) polymerase; ICOS: inducible T-cell co-stimulator; VEGF: vascular endothelial growth

factor; IL: interleukin.

His iron stores were normal with no recent history of blood
loss. His overall clinical picture was consistent with immune-
mediated hemolytic anemia incited by ICI exposure. He was
treated with cyclosporine at 200 mg daily for 1 month with
mild improvement and continued need for packed red blood
cell (PRBC) transfusion. He was taken off ICI trial to pursue
standard of care therapy with afatinib to target his ERBB4
mutation. Hence, in order to induce remission, he was started
on pulse dose steroids concomitantly with 1,000 mg of intra-
venous (IV) methylprednisolone weekly for 4 weeks along
with rituximab at a weekly dose of 375 mg/m? for 4 weeks.
Along with monthly IV immunoglobulin at 1 g for 3 months,
he was then transitioned to oral prednisone 1 mg/kg daily and
was tapered over a period of 3 months with gradual improve-
ment in his hematological parameters: improvement of Hb to
10.2 g/dL, normalization of platelet count at 136/uL, and de-
tectable haptoglobin at 176 mg/dL as reflected in Tables 1 - 3.

Case 2

This is a 68-year-old Caucasian lady with de novo stage IV
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metastatic gastroesophageal adenocarcinoma with metasta-
sis to the liver. She had received one line of therapy and had
progressed after nine cycles of mFOLFOX. Hence, she was
enrolled into a phase 1 clinical trial with dostarlimab (PD-1 in-
hibitor) in combination with niraparib and bevacizumab due to
her germline BRCA2 mutation [9]. After 21 cycles, she devel-
oped acute grade 3 anemia (Hb 7.9 g/dL) with no other cytope-
nias prompting holding of therapy. There was no concern for
acute blood loss. Anemia workup revealed normal iron stores
with elevated ferritin levels (770 ng/mL), while reticulocyte
percentage was 1.9% and serum vitamin B12 and folate lev-
els were normal. However, patient had low haptoglobin level
(16 mg/dL) with high LDH (259 U/L) (135 - 225 U/L). DAT
was negative. Peripheral blood smear revealed anisopoikilocy-
tosis and ovalocytes (including macro-ovalocytes), while no
microspherocytes and very rare schistocytes and occasional
teardrop forms were present. No blasts or immature forms
were noted. In the absence of other cytopenias, leukoerythro-
blastosis or dysplastic features, a bone marrow biopsy was not
considered necessary in this case. The anemia was approached
as predominantly immune-mediated incited by the PD1 inhibi-
tor as patient did not experience acute anemia for 21 cycles
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Table 2. Laboratory Features of ICI-A

Case 1 2 3 4
Hemoglobin Pre 8.9 11.8 13.5 13.9
Nadir 4.6 7.8 5.9 7.7
Post 10.2 10.8 N/A 13
LDH Pre 319 206 499 346
Nadir 439 259 7,175 4,896
Post 315 228 N/A 424
Reticulocyte count, % Pre N/A N/A N/A 1.1
Nadir 1.2 1.9 14.4 39
Post 1.2 N/A N/A 2.4
Haptoglobin Rrie) 131 N/A N/A N/A
Nadir <3 16 <3 <3
Post 176 38 N/A <3
Total bilirubin Pre 0.8 0.3 0.7 0.2
Nadir 1.3 0.6 7.1 1
Post 0.3 0.3 N/A 0.5
Ferritin Rrie) N/A N/A N/A N/A
Nadir 1,074 770 1,031 32,110
Post N/A N/A N/A 750
Spherocytes No No Yes Yes
DAT IgG- C3* IgG- C3- IgG- C3- IgG* C3-

ICI-A: immune checkpoint inhibitor anemia; DAT: direct antiglobulin test; LDH: lactate dehydrogenase: N/A: not available; IgG: immunoglobulin G.

while on the same dose of the poly-(ADP ribose) polymerase
(PARP) inhibitor. The anti-PD1 antibody schedule was ex-
tended to every 6-weekly dosing from every 3-weekly dosing
and the dose of the PARP inhibitor was dropped to the next
dose level. Her haptoglobin levels improved to 38 mg/dL and

Table 3. Treatment and Outcomes

LDH normalized at 206 U/L, and she went on to complete 14
more cycles of dostarlimab in combination with niraparib and
bevacizumab at this dose level. She achieved a best objective
response of confirmed partial response at -46% but came off
trial due to withdrawal of consent.

Case Immunosuppressive agent PRBC  Rechallenge ICI-A Best re- PFS oS Further lines
PP g use with ICI recurrence sponse of therapy
1 Cyclosporine 200 mg QD x 30 weeks 20 units  No N/A SD 46 79 Afatinib
(-1%) weeks weeks
Rituximab 1 g QW x 4 weeks
IVIG 1 g QM x 18 weeks
MP 100 - 200mg IV x 4 doses, prednisone
60mg PO QD tapered over 25 weeks
2 None 6 units  Yes No PR N/A? N/A? N/A
(-46%)
MP 1 mg/kg Q12H x 5 days Sunits  No N/A N/A 6 weeks 6 weeks None
4 Etoposide 100 mg/m? Q3D x 3 doses + 3units  No N/A SD (0%) 52 N/AP Axitinib
dexamethasone 10 mg BID tapered over 1 weeks

month + 1 dose of tocilizumab 4 mg/kg

aThe patient withdrew consent while in PR after 34 cycles and lost to follow-up. PAlive currently. QD: once a day; QW: once a week; QM: once a
month; PO: orally; Q12H: every 12 h; Q3D: every 3 days; BID: twice a day; MP: methylprednisolone; PRBC: packed red blood cell; ICI-A: immune
checkpoint inhibitor anemia; ICl: immune checkpoint inhibitor; PFS: progression-free survival; OS: overall survival; SD: stable disease; PR: partial

response; N/A: not available.
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Case 3

A 65-year-old Caucasian lady with metastatic esophageal ad-
enocarcinoma with metastases to the liver and lymph nodes
started on a phase 1 clinical trial with inducible T-cell co-
stimulator (ICOS) agonist monoclonal antibody and anti-PD-1
monoclonal antibody after failing two lines of prior cytotoxic
chemotherapies. Patient presented with acute generalized jaun-
dice and shortness of breath prior to cycle 3 and was noted to
have Hb of 6.8 g/dL, indirect hyperbilirubinemia at 5.7 mg/dL,
transaminitis (aspartate aminotransferase (AST) 206 U/L; ala-
nine aminotransferase (ALT) 181 U/L; alkaline phosphatase
(ALP) 336 U/L) and thrombocytopenia (platelets 109,000/
pL). LDH was elevated at 7,175 U/L (135 - 225 U/L) with un-
detectable haptoglobin levels while DAT was negative and re-
ticulocyte percentage was 7. Peripheral blood smear revealed
spherocytes and nucleated RBCs and an enhanced DAT was
negative. The case was approached as confirmed DAT negative
AIHA secondary to ICI. She was started on IV methylpred-
nisolone 1 mg/kg every 12 h (Q12H) along with supportive
transfusions in the event of symptoms of bleeding or cardiac
insufficiency. However, on day 4 of her hospital admission,
she succumbed to acute hypoxic respiratory failure with per-
sistent anemia secondary to hemolysis and new onset throm-
bocytopenia, as low at 32,000/uL. Peripheral blood smear on
day 4 revealed anisopoikilocytosis, numerous spherocytes and
schistocytes, teardrop forms, nucleated RBCs, burr cells. Left
shifted hematopoiesis with bandemia and metamyelocytes
were seen. No blasts or dysplastic neutrophils were noted.
Platelets were reduced in number while large granular forms
were seen. The prothrombin time was elevated at 21.6 s while
the partial thromboplastin time was normal and international
normalized ratio (INR) was elevated at 1.88. The D-dimer
level was elevated at 6.11 pg/mL, FEU ADAMTSI13 activity
level was mildly low at 56% and no inhibitors were identified
consistent with a drug-induced etiology. It was hence deemed
that patient evolved to a clinical picture consistent with throm-
botic microangiopathy (TMA) and leukoerythroblastic anemia
that stemmed from ICI-AIHA. Unfortunately, patient and fam-
ily elected for comfort care and eventually the patient expired.
An autopsy revealed poorly differentiated adenocarcinoma,
involving distal esophagus with metastatic adenocarcinoma in
liver, hilar and paraaortic lymph nodes, myometrium, and in-
volving multiple vessels in lung, heart, pancreas, adrenal, kid-
ney, spleen and vaginal wall. Extramedullary hematopoiesis in
spleen was present and a hypercellular bone marrow with de-
creased myeloid to erythroid ratio was noted with no evidence
of metastatic disease to the bone marrow.

Case 4

Our last patient whose diagnosis of stage III primary right re-
nal cell carcinoma, clear cell type extended back to 2002, was
addressed by definitive right radical nephrectomy and adjuvant
sunitinib. She had recurrence-free interval of 14 years, follow-
ing which oligometastatic spread was managed with metasta-
sectomies. In 2016, she developed stage IV disease with me-
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tastases to the pancreas, peritoneum and left adrenal gland and
hence started on a phase 1 clinical trial of pegilodecakin (pe-
gylated interleukin (IL)-10) combined with nivolumab (PD-
1 inhibitor) [10]. Prior to clearance for cycle 5 therapy, she
experienced acute onset fatigue, abdominal discomfort with
carly satiety, fevers and generalized malaise. Workup revealed
grade 2 thrombocytopenia (platelets 68,000/uL), grade 2 ane-
mia (8.2 g/dL) with massive acute splenomegaly (13 % 14 cm,
previously 4 x 12 cm). On admission, she was febrile (38.7
°C) and tachycardic (up to 114 beats/min (bpm)), otherwise
hemodynamically stable. Further laboratory workup revealed
DAT immunoglobulin G (IgG) positivity and negative eluate
suggesting drug-induced hemolytic anemia with elevated LDH
at 4,896 U/L (135 - 225 U/L), mild transaminitis, undetectable
haptoglobin levels, reticulocyte percentage (3.9%) and normal
bilirubin levels. Her peripheral blood smear review revealed
signs of functional asplenia, microspherocytes and artifactual
changes in the RBCs with some blister cells. Heinz body stain
was negative. Her ferritin levels were notable at 25,472 ng/
mL. Based on the following symptoms and signs: fever of 38.7
°C, massive splenomegaly on computed tomography (CT),
eventual pancytopenia (platelets 37,000/uL; Hb 7.7 g/dL; ab-
solute neutrophil count 1,320), ferritin rising up to 32,110 ng/
dL and IL-2 receptor CD25 levels elevated at 9,020 pg/mL, the
working diagnosis of hemophagocytic syndrome was made.
Bone marrow biopsy revealed hypercellular (80%) bone mar-
row with trilineage hematopoiesis and rare hemophagocytic
macrophages with no evidence of morphologic and immuno-
histochemical support for metastatic tumor infiltration. She
was started on a regimen of etoposide 100 mg/m? every 3
days (Q3D) x 3 doses, daily dexamethasone 10 mg twice a
day (BID) tapered over 1 month, and one dose of tocilizum-
ab 4 mg/kg. At her first month follow-up, ferritin dropped to
1,952 ng/mL, and at 3 months follow-up it fell to 750 ng/mL.
Her cytopenias and IL2-CD2S5 levels (420 pg/mL) normalized
as well. She had responded well to therapy with reduction of
LDH, improvement in splenomegaly, and normalization of her
liver enzymes. A bone marrow aspiration performed post treat-
ment showed absence of hemophagocytic macrophages with
trilineage hematopoiesis and regenerative features. She devel-
oped progression of disease 1 year later and was started on axi-
tinib in 2017. She has been deemed to have stable disease for
past 5 years with no recurrence of signs of hemophagocytosis.

Discussion

To our knowledge this case series of four patients with he-
matological immune anemias induced by investigational an-
ti-PD-1 or anti-PD-L1, is the first study to shed light on the
incidence and provide descriptive evidence of its occurrence
in patients enrolled in early phase clinical trials. The spectrum
of ICI-A that has been reported in literature include hemolytic
anemia, thrombocytopenia, neutropenia, thrombotic microan-
giopathy (TMA) and hemophagocytosis. Largest case series of
ICI-A examined so far come from the VigiBase and the Food
and Drug Administration database [11, 12]. Although the fre-
quency of hematological toxicities is low, those that did occur
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were often clinically serious and life-threatening [13]. Despite
the serious nature of the hematologic irAEs, to this date, clear
mechanistic studies have not elucidated the triggers and patho-
genesis of these irAEs while some studies attribute it to the
removal of the checkpoint brakes and indiscriminate T-cell ac-
tivation [14, 15].

The median time to onset of heme-irAE in this retrospec-
tive series was 3.5 weeks from last dose of ICI, which was
similar in other studies (3 - 10 weeks) examining similar he-
matological factors and for other types of irAEs [4, 16]. The
time to occurrence of heme-irAEs was varied in our study (2
- 6 weeks) although our search parameters were limited to 10
weeks post investigational agent use to avoid overlap with
consecutive lines of therapies that may confound results, al-
though in literature heme-irAEs can potentially occur at any
time [11]. However, the number of cycles varied between two
and 21 cycles, with a median of eight cycles consistent with
similar studies as reported above where reported occurrences
have happened as late as 39th cycle [6]. Notably, warm (IgG-
mediated) and cold (C3-mediated) immune hemolytic anemias
were observed with anti-PD-1 or anti-PD-L1 immunothera-
pies. The incidence of heme-irAEs with anti-PD-1 versus anti-
PD-LI ICI were similar concordant with published literature
[12].

Timely detection of ICI-A is pertinent when dealing with
investigational ICI therapies. Two patients (50%) in our series
developed ICI-AIHA that was reversible allowing them to pur-
sue further systemic therapies. Concordant to findings by Leaf
et al, we found severity of hemolysis observed was propor-
tional in DAT-positive and DAT-negative patients [6]. Hence,
it is necessary to maintain increased vigilance for ICI-A in
DAT-negative patients as well. Early detection and prompt in-
stitution of therapy reverses this spectrum of ICI-A as reported
here and in literature. There is no clear consensus on rechal-
lenge but about 50% of patients in retrospective databases
who underwent rechallenged had no relapse in ICI-A. In our
cohort, three patients experienced durable response close to 1
year and hence this highlights importance of carefully gaug-
ing ICI-based treatments to improve patient outcomes while
monitoring these adverse events which can be set to remission.

In our study, one of the four patients had a concomitant
medical history of untreated B-cell CLL which has a higher
predisposition for AIHA and Evan’s syndrome, as seen in our
case secondary to clonal propagation of immune dysregulation
through immunosuppressive cytokines or by downregulation
of surface molecules. Exposure to ICI has also been seen in
this subset of patients as supported by published literature [17,
18]. Nine percent of patients in the REISAMIC registry were
also noted to experience similar effects which increases the
concern for detrimental responses and hence careful selection
of these patients into standard of care or clinical trials with
exposure to ICI should be weighed with caution.

Hemophagocytosis is an uncommon heme-irAE where
Davis et al [11] reported an incidence of 26 patients (15%)
from the VigiBase implicated mainly by complicated CTLA-
4-based regimens rather than anti-PD-1/PD-L1 therapy with
high mortality. In our case series, one patient (25%) developed
hemophagocytosis secondary to exposure to pegylated IL-10
agent and anti-PD1 monoclonal antibody but due to early iden-
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tification and therapy, she went into remission from that com-
plication. Interestingly, our other patient who initially present-
ed with characteristics consistent with ICI-AIHA eventually
was complicated with microangiopathic phenomenon which
is the first ever reported case to demonstrate such a unique
presentation after exposure to ICI, although it carries a high
mortality of 33% as translated in our patient [19].

Several limitations exist in this case series by virtue of
its retrospective nature. It is probable that under-detection and
diagnosis of ICI-A plays into the low capture of these cases.
Therefore, the question continues to remain as to what the true
incidence of ICI-A are and their spectrum in clinical practice.
This scenario is further challenged by confounding effects of
chronic disease and prior treatment. All patients in this case
series received a combinatory investigational regimen where
side effects may not be clearly delineated yet while in early
phase drug development. The impact of the synergistic effects
of combinatorial therapies in triggering ICI-A remains to be
elucidated. The small sample size also precluded us from per-
forming statistical tests to identify risk factors predisposing
to ICI-A. Nevertheless, despite the retrospective nature of the
study and the small patient numbers, longitudinal data on clini-
cal and laboratory parameters from prospective trials helped
us to capture any degree of toxicity, establish their temporal
association to ICI therapy, monitor course of the adverse event,
and durable response to therapy.

Conclusions

Risk assessment for predisposition, early recognition, and
prompt institution of appropriate therapy are vital in mitigating
IClI-related anemia. This is of utmost importance when study-
ing investigational agents. Guidelines for treatment, monitor-
ing and re-challenge in patients with heme-irAEs are evolving
and gaining grounds in understanding this rare entity to clini-
cal relevance.
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