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AbstrACt
background The combination of the immune checkpoint 
inhibitors (ICIs) ipilimumab and nivolumab is a mainstay of 
treatment for selected patients with metastatic melanoma. 
This combination also results in more frequent immune- 
related adverse events (irAEs) than either ICI alone. These 
irAEs can be severe and their pathogenesis is poorly 
understood.
Case presentation We report a case of a woman with 
metastatic melanoma, treated with combined ipilimumab 
and nivolumab, who developed severe anaemia. While 
initial workup revealed autoimmune haemolytic anaemia, 
the anaemia persisted despite corticosteroids and 
paradoxical reticulocytopenia was observed. Bone marrow 
biopsy demonstrated a CD8+ T cell- mediated destruction 
of the red cell precursors implying concurrent pure red 
cell aplasia. Both processes resolved after the addition of 
cyclosporine A.
Conclusions This report describes a rare case of two 
concurrent mechanisms of haematological irAE in a patient 
treated with combined ICI therapy. Successful treatment 
resulted only after the second underlying mechanism 
of toxicity was uncovered. Prompt recognition of these 
unusual presentations of rare irAEs is now key to effective 
irAE management.

IntroduCtIon
The combination of the immune checkpoint 
inhibitors (ICIs) anti- CTLA-4 (ipilimumab) 
and anti- PD-1 (nivolumab) has become a 
mainstay of treatment for selected patients 
with metastatic melanoma. The use of combi-
nation ICIs, while demonstrating higher 
levels of anti- tumour activity over either ICI 
alone, also results in more frequent immune- 
related adverse events (irAEs). In the Check-
mate 067 study, grade 3 and 4 adverse 
events occurred in 59% of patients receiving 
combined ipilimumab and nivolumab, and in 
21% of those receiving nivolumab alone. The 
most common of these high- grade adverse 
events were gastrointestinal; however, rare, 
treatment- related deaths, including myocar-
ditis, hepatic necrosis and neutropaenia 

were also attributed to ICIs.1 Fulminant 
and life- threatening irAEs, while relatively 
uncommon, are an ongoing feature of ICI 
use and can present in unusual fashions.2 
Prompt recognition of rare irAEs is now key 
to effective toxicity management.

Haematological irAEs (heme- irAE) repre-
sent a rare, but potentially severe subset of 
irAEs. Whereas irAEs of the skin, gastroin-
testinal tract, endocrine and musculoskel-
etal systems are most common, conceivably 
any organ—including the haematological 
system—can be affected through an immune- 
mediated toxicity.3 Among 948 patients 
treated with anti- PD-1 and anti- PD- L1 ICIs 
who were prospectively followed, heme- irAEs 
occurred in 35 patients. The most common 
heme- irAEs, occurring in 9/35 patients, 
were neutropaenia, autoimmune haemolytic 
anaemia (AIHA), and immune thrombocyto-
paenia (ITP), while aplastic anaemia occurred 
in 5/35 patients and pure red cell aplasia 
(PRCA) was reported in one patient.4 In 
patients treated with anti- CTLA-4 antibodies, 
severe cases of haemophagocytic lymphohis-
tiocytosis have also been described.5 Addi-
tionally, a pharmacovigilance study using 
VigiBase, a WHO database of individual‐case‐
safety‐reports found that 12% of patients had 
a fatal outcome associated with the identified 
heme- irAE.6 Additionally, 4 of 168 patients 
in this study experienced overlapping heme- 
irAEs such as ITP and AIHA, while 23% of 
patients with a heme- irAE had a concomitant 
non- heme irAE.

Cases of overlapping irAEs, though far 
less common than single events, have been 
observed across a broad spectrum of irAEs. 
Among 122 reported cases of ICI- related 
myocarditis, concomitant myasthenia gravis 
(MG) and myositis were observed in 11% 
and 25% of cases, respectively.2 Similarly, a 
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Figure 1 Laboratory trends over time. Haemoglobin and absolute reticulocyte counts are noted. Periods of 
immunosuppressant administration are listed along the X- axis.

pharmacovigilance study of 228 cases of ICI- related MG 
reported respective overlapping cases of myocarditis and 
myositis in 10.5% and 16.2% of patients.7 This unusual 
autoimmune presentation had been characterised even 
prior to the introduction of ICIs. A 2009 study of patients 
with MG who also developed an autoimmune inflamma-
tory myopathy suggested that there may be an overlap-
ping autoimmune target. Notably, both humoral and 
cellular mechanisms were implicated: nearly all patients 
had positive antiacetylcholine receptor antibodies while 
muscle biopsies demonstrated a monocytic and lympho-
cytic inflammatory infiltrates.8 Similarly, within reports of 
ICI- related MG and myositis, both humoral and cellular 
processes are described.2 9 Taken together, these cases of 
overlapping irAEs demonstrate that multiple concurrent 
mechanisms of toxicity may exist within a single patient 
experiencing an irAE.

Here, we present the clinicopathological features of 
a case of dual- mechanism heme- irAE in a patient with 
metastatic melanoma treated with combined nivolumab 
and ipilimumab.

CAse presentAtIon
A 29- year- old woman presented to our clinic with 
progressive fatigue following treatment with ipilim-
umab and nivolumab for metastatic melanoma. Three 
years prior, she had undergone superficial excision of a 
posterior- auricular atypical melanocytic neoplasm, and 

was subsequently followed through observation alone. 
One month prior to her initial referral to our clinic, 
she developed diffuse pruritus with liver function tests 
demonstrating an ALT of 1166 U/L (range: 0–32 U/L), 
AST of 281 U/L (range: 0–32 U/L), alkaline phosphatase 
of 281 U/L (range: 35–104 U/L) and otherwise normal 
routine laboratory parameters. She underwent upper 
endoscopy that showed a 2.2 cm, hyperpigmented mass 
causing a biliary obstruction at the major papilla. Biliary 
stenting and a biopsy of the mass were completed. The 
results were consistent with malignant melanoma; a 
BRAF V600E mutation was also detected. Baseline cross- 
sectional imaging was completed for staging and no addi-
tional sites of disease were identified beyond the mass 
detected by endoscopy. After referral to our clinic, she 
was started on combination nivolumab (1 mg/kg) and 
ipilimumab (3 mg/kg) every 3 weeks for four cycles. She 
developed immune- related primary hypothyroidism after 
cycle two, for which she began levothyroxine.

She then reported having gradually worsening fatigue 
and dyspnoea on exertion 3 weeks after completing her 
fourth dose of nivolumab and ipilimumab. On exam-
ination, she was pale appearing and exhibited a regular 
tachycardic rhythm. She had normal pulmonary and 
abdominal exams. The heart rate was 117 bpm and blood 
pressure was 115/79 mm Hg. Haematological parameters 
revealed a haemoglobin of 61g/Lg/L, decreased from 
124 g/L 3 weeks prior (figure 1); the white cell count 
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Figure 2 Hypercellular bone marrow core biopsy sections 
with atypical lymphoid aggregates; H&E, magnification of 
×100 with ×500 insert.

Figure 3 Bone marrow core biopsy. Immunohistochemistry 
for CD8 (C8/144B, Dako), CD4 (SP35, thermo Fisher) and 
perforin (5B10, Novocastra), magnification of ×400.

and platelet counts were normal. The mean corpuscular 
volume was 85 (range 81–99 fL) and the ferritin was 
elevated to 457 ng/mL (range 10–220 ng/mL). Haemo-
lysis labs demonstrated an undetectable haptoglobin, 
lactate dehydrogenase of 492 U/L (range 116–245 U/L) 
and a strongly positive direct antiglobulin test (Coombs) 
with elution of broadly specific warm autoantibodies. 
A presumptive diagnosis of autoimmune haemolytic 
anaemia (AIHA) was made, and the patient was admitted 
to the hospital for transfusion support and intravenous 
corticosteroids. She received two units of packed red 
blood cells (PRBCs) and 1 g of methylprednisolone every 
12 hours over 2 days. Once symptoms improved and her 
haemoglobin had stabilised at 79 g/L, she was discharged 
home on 1 mg/kg oral prednisone without a scheduled 
taper.

One week following discharge, she reported worsening 
fatigue and dyspnoea on exertion. The haemoglobin was 
found to be 76 g/d with continued evidence of haemolysis, 

and paradoxically, the reticulocyte count was found to 
be inappropriately low for the degree of anaemia—the 
absolute reticulocyte count was 5.9×103 with a Reticulo-
cyte Production Index (RPI) of 0.0. Steroids were discon-
tinued given their apparent poor control of anaemia. She 
started mycophenolate mofetil 1000 mg twice per day; the 
following week her haemoglobin was found to be 64 g/L 
and she was again transfused two units of PRBC, and 
mycophenolate mofetil was increased to 1500 mg twice 
per days. Subsequent laboratory testing completed a week 
later again showed severe anaemia with a haemoglobin of 
45 g/L and ongoing reticulocytopenia. At this point, she 
was readmitted to the hospital, intravenous corticosteroids 
were reinitiated, and a bone marrow biopsy and aspirate 
were performed. The marrow core biopsy sections were 
hypercellular with an atypical lymphoid infiltrate and a 
paucity of early red cell precursors present (figure 2). 
Twenty- five per cent of all cells stained as CD8+, and the 
CD4:CD8 ratio was abnormally shifted to 1:3, showing 
predominance of CD8+ T cells (figure 3). Perforin was 
also increased suggesting a cytotoxic T cell phenotype. 
T cell receptor gene rearrangement was assessed on the 
bone marrow aspirate by PCR and showed a polyclonal 
T cell population. The OncoPlus universal cancer muta-
tion panel at University of Chicago, a next- generation 
sequencing assay of 147 genes designed for both solid 
and haematological malignancies, was performed on the 
bone marrow aspirate.10 This did not identify any patho-
genic mutations.

These observations were consistent with CD8+ T cell- 
mediated PRCA. Given the lack of reticulocyte response 
to corticosteroids and the short trial of mycophenolate 
mofetil, T cell- directed immunosuppression was initi-
ated with cyclosporine A (5 mg/kg/day in divided doses) 
along with continued 1 mg/kg prednisone administration 
for AIHA. Within 1 week, the absolute reticulocyte count 
had increased, and by 3 weeks the absolute reticulocyte 
count had increased from 2.4×103 to 226×103 with an RPI 
of 2.1, reflecting an appropriate bone marrow response 
to the degree of anaemia. Within 1 month, her haemo-
globin had normalised at 120 g/L (figure 1). The direct 
antiglobulin test (Coombs) turned negative thereafter. 
A steroid taper was completed, and all immunosuppres-
sion was ceased within 3 months. No further immuno-
therapy was given after the initial anaemia diagnosis or 
after resolution of the heme- irAEs. On repeat imaging, 
the patient experienced a complete response to ipilim-
umab/nivolumab and remains in observation alone with 
continued response.

dIsCussIon
Currently, corticosteroids are the guideline- directed first- 
line treatment for nearly all high- grade (ie, grades 3–4) 
irAEs.11 With perhaps the exception of tumour necrosis 
factor inhibitors, such as infliximab, for ICI- related 
colitis, additional immunosuppressive regimens have not 
been evaluated in large numbers of patients.12 As a result, 
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guidelines for the management of steroid- refractory 
irAEs frequently recommend referral to subspecialist 
disciplines for the affected organ, or the phenotypically 
similar autoimmune/inflammatory disorder.3 11 In such 
cases—as with rituximab for ICI- related haemolytic 
anaemia, or methotrexate for ICI- related inflammatory 
arthritis—the additional immunosuppressive regimens 
frequently are based on the non- ICI related but clinically- 
analogous disorder.

Our patient had clear evidence of AIHA as demon-
strated by the presence of haemolysis and a positive 
Coombs test. Corticosteroids are the preferred first- line 
treatment for AIHA, with secondary options for refractory 
disease including splenectomy or rituximab.13 In this case, 
the persistent anaemia after corticosteroid initiation was 
apparently due to concurrent failure in marrow produc-
tion of red cell precursors. Accordingly, empiric addition 
of a B lymphocyte- directed therapy like rituximab may 
not have improved red cell production. Instead, the para-
doxical reticulocytopenia in the context of AIHA raised 
concern for a separate process; this was ultimately iden-
tified via bone marrow biopsy as CD8+ T cell- mediated 
red cell aplasia. Therefore, this patient demonstrated two 
current mechanisms of immune- mediated anaemia: one 
antibody mediated and the other CD8+ T cell mediated.

Acquired PRCA encompasses a heterogeneous group 
of disorders, all leading to the underproduction of eryth-
rocytes. This includes antibody- mediated destruction of 
erythroid precursors, as has been observed in primary 
acquired PRCA, and secondary PRCA, which is frequently 
associated with autoimmune/collagen vascular disorders 
and lymphoproliferative disorders—the mechanisms of 
which may be immunologic, but not necessarily antibody 
mediated.14 One of the most commonly associated disor-
ders with secondary PRCA, large granular lymphocyte 
(LGL) leukaemia, frequently presents with an interstitial 
lymphoid infiltrate of the bone marrow.15 On initial visu-
alisation of our patient’s marrow biopsy, we considered 
LGL within our differential diagnosis given the morpho-
logical appearance of the lymphocytic infiltrate and 
known association of LGL with autoimmune processes. 
However, LGL would normally demonstrate clonally rear-
ranged T cell receptor genes, which was not identified in 
this case. These results suggested a reactive rather than 
clonal lymphocytic process. Ultimately, the identification 
of this CD8+- predominant T cell infiltrate prompted our 
initiation of cyclosporine A for its preferential inhibition 
of T lymphocytes.16 Notably, cyclosporine A appears to be 
one of the most effective immunosuppressive regimens 
for PRCA. From pooled case series across multiple PRCA 
subtypes, cyclosporine A use, with or without corticoste-
roids, demonstrated a response rate of over 75%; this is 
numerically higher than other observed immunosuppres-
sive regimens such as tacrolimus, mycophenolate mofetil 
and antithymocyte globulin.14 17

Despite similarities between irAEs to analogous auto-
immune disorders, the underlying pathogeneses of ICI 
toxicity remains unclear. The CTLA-4 and PD-1 pathways, 

operating at different stages of an immune response, are 
central to the maintenance of peripheral tolerance and 
to the regulation of autoimmunity. As the cancer context 
leads to dominant activity of these negative immune regu-
lators in many patients, the release of these negative regu-
lators can promote anti- tumour immune recognition and 
killing.18 Immune checkpoint inhibition may also lead to 
an imbalance of peripheral tolerance in healthy tissues, 
leading to the collateral inflammation observed across 
the spectrum of irAEs. Multiple mechanisms have been 
proposed, including increased T cell activity against self- 
antigens, induced antibody- mediated reactivity against 
tissue proteins, generalised cytokine release and enhanced 
complement- mediated inflammation.19 However, the 
precise mechanisms by which immune checkpoint inhi-
bition leads to specific irAEs are not yet well understood. 
Accordingly, our ability to predict which patients are more 
likely to experience an irAE remains limited. While the 
presence of an underlying auto- immune disorder confers 
a higher risk of an irAE, this does not reliably predict 
the onset or severity of an irAE.20 Notably, the rates of 
high- grade irAEs are broadly similar in the neoadjuvant, 
adjuvant and metastatic settings for anti- PD-1 and anti- 
CTLA-4 agents, both alone and in combination.21–23 This 
suggests that the determinants of most irAEs are likely 
host factors, and are less likely related to cancer disease 
status. Associations between germline variants associated 
with autoimmune risk, preexisting serum antibodies and 
composition of the commensal microbiota with the devel-
opment of irAEs have all been reported, suggesting that 
they may be patient- intrinsic factors that could guide 
future biomarkers of toxicity.24–26 Further validation in 
larger cohorts of patients will be required in order to 
provide clinical utility.

ConClusIons
This report describes a rare case of two concurrent mech-
anisms of heme- irAE in a patient treated with combined 
ICI therapy: (1) autoantibody mediated AIHA and (2) 
CD8 +T cell- mediated PRCA. Institution of treatment 
with both corticosteroids and cyclosporine A reversed 
each of these pathologies and enabled stable recovery 
of circulating red blood cells. This case highlights both 
the importance of accurate recognition and diagnosis of 
rare irAEs as well as the challenges in the management 
of high- grade, steroid- refractory irAEs. It also reveals our 
limited understanding of irAE risk factors, while under-
scoring the research imperative to better characterise the 
pathogeneses of irAEs to improve our clinical predictive 
abilities for patients.
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