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Abstract

Immune checkpoint inhibitors (ICPis) are a novel class of immunotherapeutic agents that have
revolutionized the treatment of cancer; however, these drugs can also cause a unique spectrum

of autoimmune toxicity. Autoimmune hemolytic anemia (AIHA) is a rare but often severe
complication of ICPis. We identified 14 patients from 9 institutions across the US who developed
ICPi-AIHA. The median interval from ICPi initiation to development of AIHA was 55 days
(interquartile range [IQR], 22-110 days). Direct antiglobulin test (DAT) results were available for
13 of 14 patients: eight patients (62%) had a positive DAT and five (38%) had a negative DAT.
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The median pre-treatment and nadir hemoglobin concentrations were 11.8 g/dL (IQR, 10.2-12.9
g/dL) and 6.3 g/dL (IQR, 6.1-8.0 g/dL), respectively. Four patients (29%) had a pre-existing
lymphoproliferative disorder, and two (14%) had a positive DAT prior to initiation of ICPi therapy.
All patients were treated with glucocorticoids, with 3 requiring additional immunosuppressive
therapy. Complete and partial recoveries of hemoglobin were achieved in 12 (86%) and 2

(14%) patients, respectively. Seven patients (50%) were re-challenged with ICPis, and one (14%)
developed recurrent AIHA. Clinical and laboratory features of ICPi-AIHA were similar in DAT
positive and negative patients. ICPi-AIHA shares many clinical features with primary AIHA,;
however, a unique aspect of ICPi-AIHA is a high incidence of DAT negativity. Glucocorticoids are
an effective first-line treatment in the majority of patients with ICPi-AIHA, and most patients who
are re-challenged with an ICPi do not appear to develop recurrence of AIHA.

Keywords

Immune checkpoint inhibitors; ipilimumab; nivolumab; pembrolizumab; autoimmune hemolytic
anemia; direct antiglobulin test

INTRODUCTION

Immune checkpoint inhibitors (ICPis) have dramatically altered the landscape of cancer
immunotherapy, providing a novel strategy to inhibit tumor growth and improve long-term
outcomes across a wide spectrum of malignancies.! The ICPi monoclonal antibodies target
suppressor receptors located on the surface of immune cells, including anti-cytotoxic T
lymphocyte antigen-4 (CTLA-4) and programmed cell death protein 1 (PD-1), as well as
receptors expressed by tumor cells, such as programmed cell death ligand 1 (PD-L1). ICPis
thereby down-regulate native “breaks” on the immune system and promote an adaptive
immune response. However, as predicted by mouse models,23 the activated T cells are not
antigen-specific, and immune checkpoint blockade may result in the unwanted development
of autoimmune disease, collectively referred to as immune related adverse events (IRAES).
Common IRAEs include rash, colitis, and endocrinopathies;* however, other organ systems
can be affected as well, including the liver,> lungs,® kidneys,” nervous system,® and

heart.® Less commonly, hematologic IRAES have been described, and include immune
thrombocytopenia,1? autoimmune neutropenia,1! pure red cell aplasia,12 and autoimmune
hemolytic anemia (AIHA).13.14

AIHA is defined as antibody-mediated destruction of red blood cells (RBCs), with or
without complement activation, leading to decreased RBC survival.1® The direct antiglobulin
test (DAT), or Coombs test, confirms the presence of immunoglobulin and/or complement
on the red cell surface and is central in the evaluation of patients with AIHA, though DAT
negative AIHA is known to occur.1® Approximately 50% of AIHA cases develop secondary
to an underlying condition or exposure such as autoimmune disease, lymphoproliferative
disorders, or drugs. The other half are categorized as idiopathic, or primary AIHA.17.18

AIHA has been reported as a potential complication of ICPis, but existing data are limited
to isolated case reports, small case series, and two recent database reviews that included
only limited individual patient-level data.1314 In addition to the paucity of reported cases,
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heterogeneity of clinical and laboratory data reported across studies has further hampered
progress in understanding the clinical features of ICPi-AIHA. Further, no formal definition
exists for ICPi-AIHA, and other than first-line treatment with glucocorticoids, there are

no definitive recommendations for second-line therapy.1® Finally, the risk of recurrence of
AIHA with ICPi re-challenge is unknown.

Here we present the largest series to date of ICPi-AIHA, with a focus on clinical
characteristics, laboratory features, response to treatment, and AIHA recurrence rates with
ICPi re-challenge.

MATERIALS AND METHODS

Overview

We contacted hematology and oncology departments at 18 major academic medical centers
across the United States to inquire about potential cases of ICPi-AIHA. We identified 14
patients from 9 institutions with ICPi-AIHA. A list of institutions that provided cases is
shown in Supplemental Table 1. All protocols were approved by Massachusetts General
Hospital’s Institutional Review Board.

Definition of ICPi-AIHA

We defined ICPi-AIHA according the following criteria: 1) an abrupt decrease in
hemoglobin =2g/dL; 2) at least two laboratory features of hemolysis (serum lactate
dehydrogenase [LDH] above the upper limit of normal without an alternative explanation;
elevated reticulocyte percentage or absolute count; low or undetectable serum haptoglobin;
and presence of spherocytes on peripheral blood smear); 3) AIHA occurrence after initiation
of an ICPi; 4) exclusion of other causes of anemia; and 5) ICPi therapy was considered the
most likely etiology of AIHA by the treating hematologist or oncologist. We included both
DAT positive and negative cases. Our proposed definition of ICPi-AIHA, and the definition
used to identify patients for this study, is summarized in Table 1.

Data Collection

We collected the following patient data: age; gender; race; past medical history, including
history of autoimmune disease; type of malignancy; ICPi(s) used and dosing regimen; prior
chemotherapeutic regimens; other IRAEs; baseline hemoglobin prior to ICPi treatment (pre-
treatment hemoglobin), nadir, and time to recovery; reticulocyte baseline and peak; LDH
baseline and peak; presence of spherocytes on peripheral blood smear; DAT results with type
of antibody detected and/or complement protein and strength; requirement for packed red
blood cell (pRBC) transfusion and erythropoiesis-stimulating agents; treatment for AIHA,
including discontinuation of ICPis, initiation, dosing, and duration of glucocorticoids, and
requirement for other immunosuppressive agents; response of malignancy to ICPi; and
recurrence of AIHA or other IRAEs if the patient was re-challenged with an ICPi. LDH
values were normalized to the reference range at Massachusetts General Hospital (110-210
U/L) in order to standardize data across institutions.

Am J Hematol. Author manuscript; available in PMC 2022 October 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Karp Leaf et al.

Page 4

Definitions of hemoglobin recovery and remission from AIHA

Consensus-based definitions for hemoglobin recovery following an episode of AIHA do
not exist. We defined complete and partial hemoglobin recovery as an increase in the
hemoglobin concentration to within 0-1.0 and 1.1-2.0 g/dL of the pre-treatment value,
respectively, and without any pRBC transfusions during the preceding 2 weeks. Patients
on any amount of immunosuppression could achieve a complete or partial hemoglobin
recovery. We also defined a third outcome variable, complete remission from AIHA, as

an increase in the hemoglobin concentration to within 0-1.0 g/dL of the pre-treatment
value in the absence of immunosuppression, ongoing hemolysis, or requirement for pPRBC
transfusion during the preceding 2 weeks (Table 1).

Reported cases of ICPi-AIHA

We searched Pubmed and Google Scholar (with the last search performed on December

14, 2018) for reported cases of ICPi-AIHA using the following terms: 1) autoimmune
hemolytic (haemolytic) anemia; AIHA; Evans syndrome; cytopenias; immunohematological
(immunohaematological); 2) immune checkpoint inhibitor; immunotherapy; immune related
adverse events; cytotoxic T-lymphocyte associated protein 4 (CTLA-4); programmed cell
death protein 1 (PD-1); programmed cell death ligand 1 (PDL-1); 3) ipilimumab; nivolumab;
pembrolizumab; atezolizumab; avelumab; durvalumab.

Statistical analyses

RESULTS

We performed the statistical analyses with SAS Version 9.4 (Cary, NC). Summary data
are presented as median and 25751 interquartile range (IQR). We compared clinical
and laboratory characteristics between DAT positive versus DAT negative patients using
the Wilcoxon rank-sum and Fisher’s exact tests for continuous and categoric variables,
respectively. All comparisons are two-tailed, with P<0.05 considered significant.

Baseline characteristics

Baseline characteristics of the 14 patients with ICPi-AIHA are summarized in Table 2. The
median age was 65 years (IQR, 50-69 years). Seven patients (50%) were male. Melanoma
was the most common malignancy (n = 9). Other malignancies included non-small cell lung
cancer (n = 3), colorectal cancer (n = 1), and acute myelogenous leukemia (AML, n =1). All
patients had metastatic disease except for patient 9, who was treated with ICPi therapy after
standard chemotherapy for AML as part of a clinical trial.

Four patients (29%) had a pre-existing diagnosis of a lymphoproliferative disorder (patients
8 and 13 had chronic lymphocytic leukemia [CLL] and patients 1 and 7 had marginal zone
lymphoma). Both patients with CLL were known to have a positive DAT prior to initiation
of ICPi therapy. Patient 4 had a long-standing history of leukopenia that was considered

to be autoimmune in nature. This patient also received indoximod, an investigational agent
that maintains tryptophan levels and enhances T cell activity, in conjunction with ICPi
therapy as part of a clinical trial. Patient 6 received immune-based therapy with pegylated
interferon, interleukin 2, and tumor infiltrating lymphocytes three months prior to receipt of
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ICPi therapy. Patients 7 and 13 had previously received fludarabine, a well-described cause
of drug-induced AIHA, for marginal zone lymphoma and chronic lymphocytic leukemia,
respectively. In both patients, fludarabine therapy was completed more than 3 years prior to
initiation of ICPi therapy. Importantly, none of the 14 patients, including those with known
positive DATS, had evidence of active hemolysis at the time of ICPi initiation.

ICPi regimens consisted of pembrolizumab alone (n = 6), ipilimumab in combination with
nivolumab (n = 4), nivolumab alone (n = 3), and ipilimumab alone (n = 1). Dosing regimens
are shown in Table 2. Concomitant medications administered at the time that ICPi-AIHA
was diagnosed are listed in Supplemental Table 2. None of these medications were deemed
to be the cause of AIHA by the patient’s primary hematologist/oncologist.

Clinical and laboratory features of ICPi-AIHA

Treatment

Clinical and laboratory features of ICPi-AIHA are shown in Table 3. The median interval
from initiation of ICPi therapy to AIHA was 55 days (IQR, 22-100 days; overall range,
9-377 days). The median interval from the most recent dose of ICPi to AIHA was 21

days (IQR, 15-24 days; overall range, 5-70 days). The median pre-treatment and nadir
hemoglobin concentrations were 11.8 g/dL (IQR, 10.2-12.9 g/dL) and 6.3 g/dL (IQR, 6.1-
8.0 g/dL), respectively, and the median peak LDH was 743 U/L (IQR, 524-862 U/L).
Hemoglobin and LDH trends for each patient are shown in Figure 1.

Thirteen patients had a DAT assessed: eight (62%) were positive and five (38%) were
negative. All patients had a low (n = 2) or undetectable (n = 12) serum haptoglobin. The
peak reticulocyte count was variable, with some patients mounting an appropriate increase
in reticulocytes and others presenting with reticulocytopenia.2? Hematinic deficiencies
(e.g., iron, vitamin B12, and folate) as a cause of anemia were excluded in all patients.
Transfusion of pRBCs was required in eleven (79%) patients, and the median humber of
units transfused was 4 (IQR, 2-6). Patient 7 received a single dose of darbepoetin 300mcg
subcutaneously while hospitalized. No other patient received erythropoiesis-stimulating
agents.

The regimens used to treat ICPi-AIHA are shown in Table 4. ICPi therapy was discontinued
or held in 11 (79%) patients. All patients were initially treated with glucocorticoids. Five
patients (36%) were given intravenous glucocorticoids and then transitioned to oral therapy.
Three patients (1, 7, and 10) required additional immunosuppressive treatment for AIHA
relapse upon glucocorticoid withdrawal: rituximab (patient 1); rituximab and intravenous
immune globulin (IVIG; patient 7); and rituximab, 1VIG, and azathioprine (patient 10).

Response to treatment

Response to treatment is shown in Table 4 and Figure 1. A complete and partial hemoglobin
recovery was achieved in 12 (86%) and 2 (14%) patients, respectively. Among the

12 patients who achieved a complete hemoglobin recovery, the median interval from
hemoglobin nadir to recovery was 47 days (IQR, 29-58 days). A complete remission of
AIHA was achieved in eight (57%) patients, and the median interval from hemoglobin nadir
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to complete remission of AIHA was 89 days (IQR, 34-130 days). Seven patients (50%)
experienced at least one other IRAE, including 3 patients (1, 9, and 14) with ICPi-associated
immune thrombocytopenia (ITP), and one patient (patient 5) with suspected ICPi-associated
pure red cell aplasia (PRCA). In patient 9, ITP occurred simultaneously with ICPi-AIHA. In
patients 1 and 14, ITP occurred within 6 weeks following the diagnosis of ICPi-AIHA. In
patient 5, PRCA occurred concurrently with ICPi-AIHA.

AIHA recurrence with re-challenge

Seven patients (50%) either continued on or were re-challenged with ICPi therapy after the
diagnosis of AIHA. Patients 3 and 4 were re-challenged with nivolumab after complete
hemoglobin recovery, and neither had a recurrence of AIHA. Patient 5, who initially
received ipilimumab and nivolumab, resumed nivolumab alone as maintenance therapy with
concurrent glucocorticoids for nausea and brain lesions; although the patient’s hemoglobin
initially stabilized, AIHA recurred within four months and ICPi therapy was permanently
discontinued. Patient 6 continued to receive ipilimumab, however, this patient was also
maintained on glucocorticoids for brain lesions. In patient 12, ipilimumab and nivolumab
were held for two cycles, and were then resumed while the patient remained on a steroid
taper; AIHA did not recur. In patient 13, pembrolizumab was held for five months and was
subsequently resumed without recurrence of AIHA. Patient 14 continued on pembrolizumab
for 2 additional cycles after the diagnosis of AIHA, but ICPi was permanently discontinued
after the development of ITP, nephritis, and hepatitis. Altogether, six of seven (86%) patients
who were re-challenged with ICPi did not develop recurrent AIHA, and five of seven (71%)
patients who were re-challenged with ICPi did not develop any IRAE.

Clinical and laboratory characteristics of published cases of ICPi-AIHA

We identified 17 published cases of ICPi-AIHA.12:14.21-33 The clinical and laboratory
features of ICPi-AIHA in these 17 cases are summarized in Supplemental Table 3. Notably,
14 (82%) patients were DAT positive and 3 (18%) were DAT negative. All 17 patients
received glucocorticoids, and 15 (88%) responded. Two (12%) patients required additional
immunosuppressive treatment with rituximab, IVIG, and other agents (Supplemental Table
3).12.28 Five (29%) patients were re-challenged with an ICPi, and only one had recurrence
of ICPi-AIHA.21 Two patients died due to complications of AIHA.14:24 We also identified
one case of ICPi-associated cold agglutinin disease,3* but did not include this patient in our
analysis.

Summary of current and published cases of ICPi-AIHA analyzed in aggregate

Finally, we examined the characteristics of all 31 cases of ICPi-AIHA (14 patients from

the current series and 17 previously reported patients) analyzed in aggregate (Supplemental
Figure 1). The number of cycles of ICPis administered prior to development of AIHA
ranged from 1 to 39, with 21 (68%) patients developing ICPi-AIHA after administration

of 1 to 4 cycles (Supplemental Figure 1A). Overall, 8 of 30 patients (27%) tested

were DAT negative. DAT positive patients had a similar median hemoglobin nadir
(Supplemental Figure 1B), LDH peak (Supplemental Figure 1C), and requirement for
additional immunosuppression beyond glucocorticoids (Supplemental Figure 1D) compared
to DAT negative patients.

Am J Hematol. Author manuscript; available in PMC 2022 October 11.
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DISCUSSION

We present the detailed clinical and laboratory characteristics of ICPi-AIHA that occurred
in 14 patients from 9 institutions across the US. The median interval from ICPi initiation

to development of AIHA was 55 days (IQR, 22-110 days). DAT results were positive in
eight (62%) and negative in five (38%) patients; one patient was not tested. The median pre-
treatment and nadir hemoglobin concentrations were 11.8 g/dL (IQR, 10.2-12.9 g/dL) and
6.3 g/dL (IQR, 6.1-8.0 g/dL), respectively. All patients were treated with glucocorticoids,
and all had a complete or partial hemoglobin recovery, with eight (57%) patients achieving
a complete remission from AIHA. Six patients remained on immunosuppression, either

for treatment of ICPi-AIHA or for other co-morbid conditions. Seven patients were re-
challenged with an ICPi, and only one developed recurrent hemolysis. We also identified

17 previously published cases of ICPi-AIHA: we summarized the key findings from each
case, and we performed analyses in aggregate with the 14 patients in the current study to
identify clinical and laboratory patterns. We found that all patients received glucocorticoids
as first-line treatment, that the severity of hemolysis observed is similar in DAT positive and
negative patients, and that ICPi-AIHA can be a fatal condition, with two of the 17 previously
published cases ending in death. Finally, we developed a standardized set of definitions for
ICPi-AIHA and related outcomes, which we propose could be used in future studies of
ICPi-AIHA.

The current study is consistent with and expands upon prior descriptions of ICPi-AIHA,
which are mainly limited to isolated case reports and two database reviews. A recent
publication identified 68 cases of AIHA associated with ICPis that were reported in

the FDA Adverse Events Reporting System database.14 The authors concluded that the
incidence of ICPi-AIHA is low, affecting fewer than 1% of all patients treated with ICPis.
However, this report did not include detailed data on the time course of AIHA in relation
to ICPis, serologic work-up of AIHA, including DAT status, treatment regimens, response
to treatment, or recurrence rates of AIHA upon re-challenge with ICPis. A separate recent
report that queried three French pharmacovigilance databases identified 35 patients with
hematologic IRAEs, including 9 patients with ICPi-AIHA.13 All 9 patients were DAT
positive, 2 had a previous diagnosis of CLL, 4 responded to glucocorticoids alone, and

5 required second-line treatment with rituximab. However, no patients with DAT-negative
AIHA were included. Further, longitudinal hemoglobin and LDH trends were not provided,
and only one patient was re-challenged with an ICPi (this patient did not have AIHA
recurrence). These database reports are useful in illuminating this new phenomenon, but
supporting details are lacking. Our study complements and expands on these previous
studies by providing a nuanced description of the clinical and laboratory features of ICPi-
AIHA, and by including DAT negative cases and a larger number of patients who were
re-challenged with ICPis.

This observational study was not designed to elucidate the mechanisms of ICPi-AIHA, for
which detailed laboratory correlates are required. However, we may speculate on potential
mechanisms of ICPi-AIHA stemming from our understanding of the pathophysiology of
primary AIHA. Pathways involved in primary AIHA include production of abnormal T
and B cell clones, aberrant cytokine expression, lack of effective self-antigen presentation,
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molecular mimicry, and altered levels of complement proteins.3%:36 This failure of
immune surveillance leads to identification of RBCs as foreign, with subsequent Fc
receptor-mediated phagocytosis by splenic and hepatic macrophages, or direct lysis via
the complement cascade.36 ICPis, which lead to “reprogramming” of the immune system,
may result in a similar loss of tolerance against endogenous RBC antigens, and thus the
mechanism of AIHA could be similar to other forms of drug-induced AIHA 3738

Interestingly, we observed that 4 of the 14 patients in our series experienced other
hematologic IRAEs in addition to AIHA. This finding is reminiscent of observations
demonstrating the co-occurrence of ICPi-associated myocarditis and myositis, which are
speculated to involve shared, muscle-specific antigens.3240 Notably, outside of these two
examples (hematologic and muscle-specific), no obvious patterns involving other organ

or tissue-specific concurrent IRAES have been reported, even in large pharmacovigilance
studies.*? It is also noteworthy that four (29%) of the patients in the current series and 2 of
the 9 patients (22%) in the French pharmacovigilance database study!3 had an underlying
lymphoproliferative disorder, suggesting that patients with baseline immune dysfunction
may be predisposed to developing ICPi-AIHA.

Although only 3-11% of primary AIHA cases are DAT negative,*2 we found that 38%

of the patients in our series were DAT negative. Four of the five patients in our series

who had a negative DAT had spherocytes on peripheral blood smear, which is highly
suggestive of splenic immune-mediated RBC destruction, and all responded to treatment
with glucocorticoids. What accounts for the high proportion of DAT-negativity in our series?
One possibility is that the negative DATs were actually false negatives due to technical
reasons. This can occur due to a low concentration of IgG molecules deposited on the RBC
surface, which may be below the detection threshold of a standard DAT; removal of low-
affinity 1gG molecules by washing during DAT processing; failure of the Coombs reagent
to crosslink 1gG on the RBC surface; or, rarely, AIHA that is due to IgA or IgM (without
complement fixation), since standard DAT techniques only detect IgG and complement.42
Advanced techniques, also known as “Super-Coombs” testing, include flow cytometry, use
of 4°C low-ionic-strength saline wash, and use of anti-IgA and IgM reagents.1’:43 These
techniques should be performed by specialized laboratories when the clinical suspicion for
AIHA is high despite a negative DAT. No patients in our series underwent “Super-Coombs
testing.

It is also plausible that DAT negative and DAT positive ICPi-AIHA represent two distinct
pathological entities. DAT-negative cases may reflect direct macrophage phagocytosis of
the RBCs without need for antibody, akin to macrophage-mediated clearance of RBCs that
have sustained irreparable damage.** The engulfment of RBCs by macrophages, which
themselves express PD-1,45 could be a consequence of a pro-inflammatory state induced
by ICPis, akin to hemophagocytic lymphohistiocytosis in which high circulating levels

of interferon gamma and other activating cytokines result in macrophage engulfment of
RBCs.*6 Laboratory studies are clearly needed to characterize the distinctions between
DAT positive and negative cases of ICPi-AIHA. Importantly, all of the patients in our
study, regardless of DAT status, had at least an initial improvement in hemoglobin with
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administration of glucocorticoids, and the severity of hemolysis did not appear to differ on
the basis of DAT status.

Given the relative rarity of ICPi-AIHA, treatment guidelines for this condition are still
evolving. The American Society of Oncology recommends prednisone (or its equivalent)
at a dose of 0.5-1 mg/kg per day as first-line treatment for ICPi-AIHA, with permanent
discontinuation of ICPi therapy if the hemoglobin falls below 8.0 g/dL.19 However, these
guidelines fail to take into account the patient’s pre-treatment hemoglobin concentration,
which may be low as a consequence of their underlying malignancy and previous
treatment. Accordingly, we defined ICPi-AIHA according to relative declines in hemoglobin
concentration from the pre-treatment value, along with other criteria consistent with
hemolysis (Table 1). For patients who fail glucocorticoids, second-line therapies include
rituximab, IVIG, cyclosporin A, azathioprine, and mycophenolate mofetil; however, the
ideal second-line agent is unknown.19 In our series, three patients were treated with
rituximab, IVIG, and/or azathioprine, and all three had a complete hemoglobin recovery.
Finally, glucocorticoid-sparing agents may be a particularly attractive option given the
concern that glucocorticoids may mitigate the anti-tumor effect of ICPis.*” Two non-
glucocorticoid investigational agents are in clinical trials for treatment of primary AIHA:
fostamatinib, a spleen tyrosine kinase inhibitor (NCT02612558), and an antibody to the
neonatal Fc Receptor (NCT03075878). These agents may prove useful in ICPi-AIHA as
well.

Our study has several strengths. We conducted the largest study of ICPi-AIHA to date that
includes highly granular patient-level data, including detailed clinical, laboratory, treatment,
and outcomes data. By collecting cases from large academic medical centers across the US,
we were able to showcase various management strategies of ICPi-AIHA by a wide range of
clinicians. We did not limit our inclusion criteria to patients with DAT positive AIHA, thus
allowing for an unbiased description of this newly-identified phenomenon. We speculate
that the larger percentage of DAT negative cases of ICPi-AIHA in the current study (38%)
compared to published cases (18%) could reflect publication bias. Finally, we developed

a standardized set of definitions for ICPi-AIHA and related outcomes, which we propose
could be used in future studies of ICPi-AlIHA.

We also acknowledge several limitations, including observational design, retrospective
collection of data, and absence of advanced techniques such as Super-Coombs testing in

the DAT-negative cases. Further, the number of patients with ICPi-AIHA that we identified
was modest, and we were therefore unable to perform multivariable-adjusted analyses to
determine prognostic factors for hemoglobin recovery in patients with ICPi-AIHA. We were
also unable to determine the precise incidence of ICPi-AIHA, although we estimate it to be
less than 0.1% based on the 14 cases we identified from 20 large academic cancer centers
that have cumulatively treated tens of thousands of patients with ICPis. Finally, we did not
include a control group of patients treated with ICPis who did not develop AIHA, and thus
we were unable to determine risk factors for ICPi-AIHA.

In conclusion, ICPi-AIHA is a rare but often severe complication of ICPi therapy. As
the use of ICPis becomes more widespread, clinicians will likely encounter ICPi-AIHA
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with increasing frequency. ICPi-AIHA shares many clinical features with primary AIHA.
However, a unique aspect of ICPi-AIHA includes a high incidence of DAT negativity.

Thus, clinicians should maintain a high index of suspicion for AIHA in patients being
treated with ICPis, even in the absence of a positive DAT. Glucocorticoids are an effective
first-line treatment strategy for most patients with ICPi-AIHA, though 3 of the patients in
our series required additional immunosuppressive therapy. Finally, the majority of patients
in our series who were re-challenged with ICPis did not develop recurrence of AIHA. Thus,
development of ICPi-AIHA should not necessarily prompt permanent discontinuation of
ICPis, particularly in patients who have limited alternative treatment options. Future studies
should be conducted to explore the risk factors, pathophysiology, and optimal treatment
strategies for ICPi-AIHA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations: ICPi, immune checkpoint inhibitor; IVIG, intravenous immune globulin;
LDH, lactate dehydrogenase; pRBCs, packed red blood cells.
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Table 1.
ICPi-AlIHA Definitions and Outcomes.

Definition of ICPi-AIHA (must include each of the following):

1. Abrupt decrease in Hgb >2g/dL
2. At least 2 of the following features of hemolysis:
* LDH >ULN (without other explanation)
« Elevated reticulocyte percentage or absolute count
« Low or undetectable serum haptoglobin
« Presence of spherocytes on peripheral blood smear
3. Development of AIHA after initiation of ICPi
4. Exclusion of other causes of anemia

5. ICPi considered by treating physician to be the most likely etiology of AIHA

Outcomes
Complete recovery of Hgh: Increase in Hgb to within 0-1.0 g/dL of the pre-ICPi treatment value ™
Partial recovery of Hgh: Increase in Hgb to within 1.1-2.0 g/dL of the pre-ICPi treatment value

Complete remission from AIHA:  hcrease in Hgb to within 0-1.0 g/dL of the pre-ICPi treatment value *in the absence of
immunosuppression or ongoing hemolysis

Without pRBC transfusion in the preceding 2 weeks. Abbreviations: AIHA, autoimmune hemolytic anemia; Hgb, hemoglobin; ICPi, immune
checkpoint inhibitor; pRBC, packed red blood cell; ULN, upper limit of normal.
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