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Hemophagocytic Lymphohistiocytosis After Treatment
With Checkpoint Inhibitor Therapy
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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a rare hematological
syndrome presenting with massive, dysregulated cytokine release that
can result in multiple organ failure and is associated with a high risk
of mortality. Based on the recent North American consortium recom-
mendations, it has been suggested to categorize HLH into two enti-
ties, HLH syndrome and HLH disease. HLH disease encompasses
multiple subgroups, including familial HLH (F-HLH), HLH-associat-
ed immune compromise (IC-HLH) and HLH observed after immune
activating therapies. The diagnosis can be quite challenging, and the
pathophysiology leading to HLH disease has yet to be fully elucidat-
ed. Much less is known about HLH that occurs due to treatment with
immunotherapy such as immune checkpoint inhibitors (ICIs). Herein,
the authors report a case of a 71-year-old man who was treated with a
combination of nivolumab and ipilimumab for bladder cancer. He lat-
er presented with mental status changes and pancytopenia, ultimately
meeting the diagnostic criteria for HLH syndrome.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare and se-
vere hyper-inflammatory syndrome. Most recently, based on
the recommendations from the North American Consortium
for Histiocytosis (NACHO), HLH is classified into HLH syn-
drome or HLH disease [1]. HLH disease can be sub-grouped
into familial HLH (F-HLH) with a genetic etiology, HLH as-
sociated with malignancy (M-HLH), HLH after immune acti-
vating therapies and HLH associated with an immune-compro-
mised state (IC-HLH) [1].

The pathophysiology of F-HLH has been studied in ani-
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mal models and is caused by the excessive activation of CD8+
T cells, with the upregulation of interferon gamma (IFN-y) be-
ing a key mediator of disease [2]. Most of the mutations affect-
ing perforin delivery, such as defects in PRFI, UNCI3D and
STX11, have been identified as causes of F-HLH [2].

HLH syndrome is defined by meeting the consensus of di-
agnostic criteria and those conditions that would benefit from
HLH-directed therapies [1, 2]. The majority of HLH syndrome
cases are caused by a genetic mutation affecting the function
of the T lymphocytes and natural killer (NK) cells in F-HLH,
with an incidence of 1 to 225 per 300,000 live births [1, 2].
M-HLH has been recognized for decades and can occur prior
to the diagnosis or during the treatment of the malignancy [3].
When M-HLH presents in a newly diagnosed patient, it is usu-
ally driven by the cancer, with the recommended therapy being
that for the specific neoplasm itself [3]. M-HLH used to have
a very poor prognosis; however, with newer therapeutic op-
tions and early recognition, survival rates have improved [3].
The incidence of M-HLH is estimated to be about 1%. With
the advent of immune checkpoint inhibitors (ICIs), bispecific
monoclonal antibodies, and bispecific T-cell engagers (BiTE),
as well as chimeric antigen receptor T-cell (CAR-T) therapies,
the incidence of immune-related adverse events (irAEs) is be-
ing increasingly reported [4].

Diagnosing HLH is based on the criteria established by the
Histiocyte Society in 1994, with a revision in 2004. Criteria in-
clude persistent fever, bilineage or trilineage cytopenias, sple-
nomegaly, elevated ferritin, hypofibrinogenemia, increased
soluble CD25 (sCD25) and hemophagocytosis (Table 1) [1-4].
Recently, HLH has been described as a potential irAE associ-
ated with ICI [5].

Immunotherapy has shown significant promise in the
treatment of various cancers. It has improved overall survival
in several different types of both hematologic malignancies
and solid tumors [6]. The following is a case report of HLH
associated with ICI therapy.

Case Report

The patient was a 71-year-old man who was undergoing ther-
apy for small cell carcinoma of the bladder, treated with ipili-
mumab and nivolumab. He presented with fever and encepha-
lopathy of 2-day duration following his initial cycle. He had
not sustained head trauma, loss of consciousness, sore throat,
cough, abdominal pain, diarrhea, dysuria or sick contacts. Ex-
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Table 1. HLH-2004 Diagnostic Criteria

Criterion 1. A molecular diagnosis consistent with HLH

Criterion 2. Diagnostic criteria for HLH fulfilled (five of the eight criteria below)

1) Fever
2) Splenomegaly
3) Cytopenias (affecting > 2 of 3 lineages in peripheral blood)

4) Hemoglobin < 90 g/L (hemoglobin < 100 g/L in infants < 4 weeks)

5) Platelets < 100 x 10°/L

6) Neutrophils < 1.0 x 10%/L

7) Hypertriglyceridemia and/or hypofibrinogenemia

8) Fasting triglycerides > 3.0 mmol/L (i.e., > 265 mg/dL)
9) Fibrinogen < 1.5 g/L

10) Hemophagocytosis in the bone marrow, spleen or lymph node

11) No evidence of malignancy

12) Low or no NK cell activity (according to local laboratory reference)

13) Ferritin > 500 pg/L
14) sCD2S5 (i.e., soluble IL-2 receptor) > 2,400 U/mL

The diagnosis of HLH can be established if criterion 1 or 2 is fulfilled. HLH: hemophagocytic lymphohistiocytosis; NK: natural killer; sCD25: soluble

CD25; IL-2: interleukin-2.

amination revealed a heart rate of 121 beats per minute, a tem-
perature of 101.4 °F, tachypneic and only alert to person. Lab-
oratory workup was significant for a white blood cell count of
2.6 % 103/uL (normal range: 3.8 - 10.6 x 103/uL), hemoglobin
of 9.1 g/dL (normal range: 12.0 - 15.0 g/dL) and platelet count
of 18 x 103/uL (normal range: 150 - 450 x 103/uL). Triglycer-
ides were 280 mg/dL (normal range: 30 - 150 mg/dL), ferritin
was 10,058 ng/mL (normal range: 11 - 307 ng/mL) and creati-
nine 1.25 mg/dL (normal range: < 1.16 mg/dL). He was treated
with broad-spectrum antibiotics, and an infectious workup, in-
cluding a hepatitis viral panel, fungal cultures, and additional
viral studies, were completed. Computed tomography imaging
of the chest, abdomen, and pelvis revealed splenomegaly and
lymphadenopathy. Peripheral blood smear revealed moder-
ate normochromic anemia, leukopenia with lymphopenia and
left-shifted neutrophils. There was marked thrombocytopenia,
though no schistocytes, dysplasia or increased blasts were ob-
served. Based on this, other causes of fever were excluded,
including hematological and rheumatological causes. Having
met the criteria, including fever, splenomegaly, hypertriglyc-
eridemia, starkly elevated ferritin and pancytopenia, HLH was
considered. He was started on treatment with corticosteroids
and HLH therapy, however, his symptoms worsened, leading
to progressive multiple organ failure, and he expired.

Discussion

We describe a case of a 71-year-old man who was undergoing
therapy for small cell carcinoma of the bladder and was treated
with ipilimumab and nivolumab. He presented with fever, en-
cephalopathy, pancytopenia, splenomegaly, elevated ferritin
and hypertriglyceridemia. These symptoms meet the criteria

for a diagnosis of HLH, most likely due to the ICI therapy
that he received, which was unique to this case. He progressed
rapidly over 3 to 4 days and developed multiple organ failure
without additional HLH-directed therapy.

HLH is a clinical syndrome that has been recognized since
the early 1950s and is characterized by the uncontrolled acti-
vation of immune cells, which leads to systemic hyperinflam-
mation and multiple organ failure [7]. The activation of CD8+
lymphocytes and macrophages results in multiple organ dam-
age in the central nervous system and bone marrow [7]. Even
though the pathophysiology is unique and has been defined in
animal models of F-HLH, the diversity of clinical presenta-
tions in patients with HLH remains ambiguous. With the re-
cently revised NACHO recommendations, M-HLH is usually
an HLH mimic, and the features of this syndrome are driven
by the underlying malignancy [8]. There is a great diversity of
HLH presentations, which tend to be heterogeneous in nature.
A descriptive analysis of patients diagnosed with HLH, who
subsequently were identified to have underlying neoplasms,
reported that less than 50% of adults with M-HLH received
HLH-directed treatment. This was due to the lack of the diag-
nosis in adult patients with malignancies, or those who are re-
ceiving treatment for their malignancies [8]. ICI promotes an-
titumor activity by blocking down-regulators of immunity, like
anti-cytotoxic T-lymphocyte antigen 4 (anti-CTLA-4) and the
programmed cell death protein 1 (PD-1) [9]. The mechanism
of action of ICI is dependent on the ability to inhibit barriers of
immune activation. However, they could potentially also cause
immune-mediated inflammation of various organ systems [9].
A systematic review by Rajapakse et al reported that of 22 pa-
tients who developed HLH while receiving treatment with an
ICI, it was found that fever was the most common symptom at
presentation (90.9%), with the most common laboratory find-
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ings being cytopenias and elevated ferritin (90.9%) [10]. A
bone marrow examination was obtained in 19 (86.36%) cases,
which revealed features of hemophagocytosis. Although other
potential causes of HLH, including infection and progressive
neoplastic disease, were considered in all cases, there was no
sufficient evidence to confirm the association between the oth-
er causes of HLH [10]. Thus, it was concluded that HLH was
related to recipients of ICI therapy, suggesting that these cases
may be underrecognized and supporting further investigation
that might elucidate a clear pathophysiologic relationship. One
such hypothesis is that patients with malignancy already have
a compromised immune system, which could lead to a disrupt-
ed immune pathway, including macrophage hyperactivation
and unchecked CD8+ cellular activation by ICI [11].

The pathogenesis of HLH is not well understood and can
be based on experimental studies in animal models. There have
been several proposed mechanisms, including the stimulation
of toll-like receptors (TLRs) leading to excessive activation
of the innate immune system [12]. Epstein-Barr virus, which
is one of the most common infectious triggers, followed by
cytomegalovirus, engages the TLR9 to cause stimulation of
the myeloid cells [12, 13]. Interleukin-18 (IL-18) overproduc-
tion by activated epithelial and myeloid cells is also a possible
mechanism leading to the amplification of IFN-y, which is the
key mediator of disease development [12, 13]. Irrespective of
the pathogenesis of HLH, the excessive activation of CD8+
T cells leads to the excessive production of inflammatory cy-
tokines [13]. A recent study by De Matteis et al revealed that
highly activated CD38 high/HLA-DR+CD8+ T cells are ex-
panded in patients with HLH, and that CD4 dim CD8+ cells
are significantly increased in patients with HLH, regardless of
the trigger or underlying condition [14].

Immediate treatment of HLH is warranted once a diagnosis
is made. The treatment of M-HLH should start by targeting the
trigger regarding the malignancy itself. It is generally accepted
that treatment of the underlying neoplasm will attenuate malig-
nancy-related HLH manifestations. However, continued close
inpatient monitoring while assessing the need to start treatment
for hyperinflammation must be taken into consideration. The
most commonly used regimen, based on the modified HLH-94
protocol and including the combination of dexamethasone and
etoposide, was given in a prospective trial initiated by the His-
tiocyte Society in 1994 [15-17]. Cyclosporine was subsequently
added during the continuation phase of treatment. Resolution of
HLH was observed in 53% of patients, improvement was ob-
served in an additional 32%, and no improvement was observed
in 4% of the patients [17]. Despite HLH treatment, the prognosis
remains poor, with the overall survival being 61% at 5 years,
based on the HLH-2004 study [17].

Immunosuppression targeting individual cytokines has also
been studied. Anakinra, an interleukin-1 (IL-1) receptor antago-
nist, has been studied retrospectively in 44 patients with HLH
with a 73% survival rate [4, 18, 19]. Tocilizumab, an anti-in-
terleukin-6 receptor (IL-6R) antibody, has been used in patients
undergoing CAR-T therapy for cytokine release syndrome, and,
owing to the homology of the cytokine pattern between cytokine
release syndrome (CRS) and HLH, it has been postulated that it
might be beneficial in inducing remission in patients with HLH
[4, 19]. Our patient was treated with dexamethasone, but due

to the rapid progression of HLH and multiple organ failure, he
expired before additional HLH therapy could be started.

Conclusions

Our case adds to the base of literature that suggests HLH may
occur in relation to immunotherapy and is associated with sig-
nificant morbidity and a high likelihood of mortality. The high
mortality in this patient population could be due to multiple
factors, including patients who are immunosuppressed, delays
in recognizing the disorder, and overall response to treatment.
Advancements in the treatment of HLH have dramatically im-
proved the outcomes for patients, with long-term remissions
and cures being possible in a proportion of patients. However,
early mortality for this disease remains high, and the need for
prompt recognition justifies the need to report and establish a
potential relationship between HLH and ICI therapy. Further
studies are needed in patients who experience HLH associated
with ICI therapy to better define the best therapeutic options
and improve the overall outcomes of this rare complication.
Future directions could include identifying potential biomark-
ers that could help further assist in making the diagnosis soon-
er and potentially starting therapy sooner to reduce mortality.

Learning points

This case highlights the importance of patients being treated
with ICI therapy for an underlying malignancy that can go on to
develop HLH. It remains a rare but serious irAE associated with
ICI therapy. Our case reinforces the importance of early recog-
nition, diagnosis and treatment of ICI-induced HLH due to its
potentially fatal course in patients with underlying malignancy.
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