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Fig. 2 Bone marrow biopsy obtained at diagnosis. a. Necrotic melanoma cells; H&E, magnification of 500x. b. Phagocytosing histiocytes
containing red blood cells; H&E, magnification of 500x, blue arrows. ¢. Phagocytosing histiocytes containing red blood cells, higher magnification.
D-F. Immunohistochemistry for CD3 (D), CD8 and CD4 (E), and CD68 (F); magnification of 200x

evidence of involvement by metastatic melanoma (Fig. 3).
The patient remains off treatment and in complete remis-
sion 12 months later.

Discussion and conclusions

As anti-CTLA-4 and PD-1 antibodies lead to immune
activation, inflammatory effects can occur in any organ
system [22]. The majority of patients on single-agent im-
munotherapy do not experience any side effects and the
most common side effects are rash and mild fatigue, likely
related to increased circulating cytokines [23]. When spe-
cific immune-related toxicity occurs, frequently affected
systems include the endocrine organs, gastrointestinal
tract, integument, and lungs. Thus, in additional to history
and physical exam, thyroid function studies, complete
blood counts, and metabolic panels including liver func-
tion are generally checked at each treatment and at inter-
vals of 6 to 12 weeks for the first 6 months after finishing
treatment, when the risk of toxicity is highest [23, 24]. In
patients with non-specific symptoms such as fatigue,
evaluation of adrenocorticotropic hormone, cortisol,
follicle-stimulating hormone, luteinizing hormone, prolac-
tin, testosterone in men, and estradiol in women is typic-
ally pursued. Treatment with corticosteroids regimens,
such as intravenous methylprednisolone 1-2 mg/kg per
day for 3-5 days, followed by prednisone, 1-2 mg/kg per

day gradually tapered over 4 weeks can reverse the vast
majority of toxic manifestations of these drugs; prolonged
tapers are recommended as shorter tapers can lead to a
recurrence of symptoms or adrenal crisis [24]. Generally,
systemic corticosteroids are used only for grade 3 to 4 or
prolonged grade 2 immune-related side effects.

Serious immune-mediated hematologic side effects
have also been noted with checkpoint blockade anti-
bodies. Several cases of autoimmune hemolytic anemia
have been seen after treatment with nivolumab [25-28].
All of these cases were direct antibody test (DAT) posi-
tive for C3 or IgG, did not involve other cytopenias, and
most responded to corticosteroids. Pure red cell aplasia
has also been seen after treatment with pembrolizumab;
while one case of this responded to a prolonged course
of corticosteroids, another required further treatments
to respond [29, 30]. This second patient developed ger-
minal center-like reactions within the bone marrow that
eventually resolved with IVIG followed by the anti-CD20
antibody rituximab [29]. Anti-platelet antibody-positive
idiopathic thrombocytopenic purpura has also been seen
as a result of anti-PD-1 antibody therapy [31, 32]. In one
case, increased PD-1 expression prior to nivolumab
treatment was found on the patient’s B cells. Treatment
of these patients also required intravenous immune
globulin and in one case the thrombopoetin analogue
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Fig. 3 Bone marrow biopsy obtained after disease resolution. a Regenerative BM core, H&E, magnification of 500x. b BM aspirate smears showing
erythroid hyperplasia with no neoplastic cells. Wright-Giemsa, magnification of 500x. Immunohistochemistry for CD34 (c) and Melan-A (d). There
was no increase in CD34" blasts, and no detectable Melan-A-positive cells, i.e. no melanoma; magnification 200x

Melan-A

romiplostin was administered. While not reported with
anti-PD-1 antibody therapy, metastatic melanoma pa-
tients treated with IL-2 have been observed to develope
thrombotic thrombocytopenic purpura, each case requir-
ing cessation of therapy and treatment with plasmapher-
esis [33]. Many patients in this group of hematologic
complications had prior auto-immune like toxicities with
therapy, including hepatitis, hypothyroidism, and pneu-
monitis [24—32]. We are not aware of a previous case of
hemophagocytic lymphohistiocytosis reported as a com-
plication of immune therapy for cancer.

Our patient met the criteria for HLH with splenomeg-
aly, cytopenias, hypertriglyceridemia, hemophagocytosis,
elevated ferritin, and elevated soluble CD25 levels. Except
for her recent treatment with ipilimumab and nivolumab,
there was no other obvious or common cause of HLH in-
cluding fulminant progression of disease or overwhelming
infection. Additionally, other similarly presenting diagno-
ses, including disseminated intravascular coagulation,
autoimmune hemolytic anemia, thrombotic thrombocyto-
penic purpura, or liver failure, were effectively ruled out.
Given that the immunologic processes governing both the
pathophysiology of HLH and the beneficial effects of
checkpoint blockade are similar, future cases of immuno-
therapy complicated by DAT-negative anemia and low re-
ticulocyte indices should prompt consideration of the
HPS syndromes.

Outcomes for the HPS syndromes vary depending on the
underlying cause [1]. Given the germline predisposition of

FLH, long-term remission in these patients requires allo-
geneic stem cell transplantation. Treatment of secondary
HLH generally follows the HLH-2004 protocol with etopo-
side and corticosteroids as well as therapy specific to the
underlying disease (antibiotics, additional chemotherapy;,
etc.) [3]. In our patient, both the significant elevation in bili-
rubin as well as the excellent response to corticosteroids in
immunologic events considered secondary to checkpoint
blockade dissuaded us from the use of up-front etoposide.
Fortunately, she responded both clinically and by laboratory
values to corticosteroids alone and her HLH has not recru-
desced to date. If corticosteroids alone were not sufficient,
our treatment team would have considered IL-1R antag-
onist or anti-IL-6 antibodies, which have been used suc-
cessfully in childhood cases of MAS given the clear
immunologic nature of the etiology in the current case.
This is, to our knowledge, the first reported experience
of immunotherapy with checkpoint blockade causing
hemophagocytic lymphocytosis. The trigger for the syn-
drome in this case may have been related to rapid tumor
cell death and immune activation specifically within the
bone marrow compartment, as evidenced by the tumor
cell debris along side of CD8" T cell infiltration and
hemophagocytosis seen by bone marrow biopsy. Re-
cently, Gordon et al. published a report demonstrating
that tumor-associated macrophages increase over time
in mouse and human models of cancer and that PD-1
expression inversely relates to their phagocytic potency
against tumor cells [34]. With the addition of blockade
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against PD-1/PDL-1, they showed an increase in macro-
phage phagocytosis of tumor cells. While this study did
not demonstrate increased hemophagocytosis or specific
effects on histiocyte activity, it is an intriguing biological
rationale for the increased phagocytic activity seen in
this case. Future care of cancer patients treated with
these agents should consider HLH if similar constella-
tions of symptoms and laboratory values arise.
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