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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a fatal systemic in-
flammatory syndrome. HLH has been reported as a rare immune-
related adverse event (irAE) in patients receiving immunotherapy 
with nivolumab, ipilimumab, and/or pembrolizumab. The data are 
limited to case reports and case series. The objective of this research 
is to compile data on this rare but potentially life-threatening adverse 
event of immune checkpoint inhibitors (ICIs) and identify the com-
mon agents that cause this irAE, clinical spectrum, and successful 
management strategies to assist the treating oncologists. A review was 
done using PubMed database. Eligible articles included case reports 
and case series published from January 1, 2015, through February 1, 
2021. Reports published in languages other than English were ex-
cluded. Data were compiled into a detailed supplementary table and 
simple descriptive analysis was used to interpret data. A total of 22 
cases were included, which constituted 14 individual case reports and 
two case series. The immunotherapy prescribed consisted of antibod-
ies against and programmed cell death 1 (PD-1) or its ligand, pro-
grammed cell death ligand 1 (PD-L1) in all 22 patients. Out of them, 
immunotherapy consisting of anti-cytotoxic T-lymphocyte antigen 4 
(anti-CTLA-4) antibodies was prescribed in nine patients. Fever was 
the most common symptom at the presentation (90.9%). The most 
common laboratory findings were anemia (90.9%), thrombocytope-
nia (90.9%), and elevated ferritin (90.9%). All the patients received 
steroids (100%). HLH responded to treatment in 19 patients. Three 
patients died. Three patients were rechallenged with immunotherapy, 
with no recurrence of HLH. HLH in the setting of ICI therapy is life-
threatening, but potentially treatable with early detection. However, 
diagnosis is often delayed due to difficulty in differentiating the pre-
senting symptoms and laboratory findings from complications of can-
cer and other therapies. Majority have shown an adequate response 
to standard HLH treatment; however, some required a longer course 
of corticosteroids. HLH is not always associated with other irAE. 
Rechallenging with immunotherapy was successful in some patients 
after completing treatment for HLH.

Keywords: Hemophagocytic lymphohistiocytosis; Immune check 
point inhibitor therapy; Immune-related adverse events; Immune-
oncology; Immunotherapy; ICI; Programmed cell death ligand; Hy-
perinflammatory syndrome

Introduction

The first association between Immunology and Oncology goes 
back to the late 19th century when a surgeon named William 
Coley reported that sarcomas shrink upon injection of killed 
bacteria into tissue [1]. Immunotherapy has shown a signifi-
cant effect on long-term remission of different malignancies: 
melanoma, lung cancer, and renal cancer [2], etc.

Tumor cells evade immune surveillance via different 
mechanisms, including activation of immune checkpoint path-
ways that suppress antitumor activity [3]. Immune checkpoint 
inhibitors (ICIs) break the co-inhibitory signaling pathways 
and recondition the anti-tumor activity of immune cells. Im-
mune checkpoint blockade promotes antitumor immunity by 
blocking intrinsic down-regulators of immunity, such as an-
ti-cytotoxic T-lymphocyte antigen 4 (anti-CTLA-4) and pro-
grammed cell death 1 (PD-1) or its ligand, programmed cell 
death ligand 1 (PD-L1) [4]. Since the mechanism of action of 
ICI depends on the inhibition of the physiological barrier of 
immune activation, they could potentially cause immune-me-
diated inflammation of various organ systems [5]. These are 
recognized as immune-mediated or immune-related adverse 
events (irAEs). These irAEs usually have a delayed onset, pro-
longed duration and are unique compared to traditional cyto-
toxic chemotherapy [6].

Hemophagocytic lymphohistiocytosis (HLH) has been re-
ported with few ICIs over the last 2 years and is a rare irAE 
[7]. HLH is an aggressive and hyperinflammatory syndrome 
induced by aberrantly activated macrophages and cytotoxic T 
cells comprising genetic/familial HLH and secondary HLH in 
the setting of infection, inflammation, and malignancy. This 
is a rare but potentially fatal syndrome resulting in cytopenia, 
bleeding and multi-organ failure [8]. HLH has clinical and lab-
oratory features that are similar to cytokine release syndrome 
(CRS). CRS has become a topic of interest, especially in asso-
ciation with coronavirus disease 2019 (COVID-19) [9]. Both 
CRS and HLH have activation of macrophages and the reticu-
loendothelial system. Therefore, some patients who develop 
similar manifestations after immunotherapy may be diagnosed 
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with CRS rather than HLH [10]. The aim of this research is to 
compile data on the reported cases of HLH in the setting of ICI 
and identify the common agents, clinical spectrum, and suc-
cessful management strategies.

Materials and Methods

Database and the keywords

A systematic review of the literature was performed follow-
ing the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines using the PubMed 
database for case reports and series of HLH associated with 
ICI from the date of database inception to February 2021. The 
following keywords were used: “hemophagocytic lymphohis-
tiocytosis AND immune checkpoint inhibitors,” “HLH AND 
immune related adverse events AND checkpoint blockade”.

Definitions

HLH was defined based on fulfilling the published diagnostic 
criteria used in the HLH-2004 trial. In adults, heterozygosity 
of verified HLH-associated mutations or gene defects of other 
immune regulatory genes together with clinical findings asso-
ciated with HLH or five of the following eight findings (fever 
≥ 38.5 °C; splenomegaly; peripheral blood cytopenia; hyper-
triglyceridemia (fasting triglycerides > 265 mg/dL); hypofi-
brinogenemia (fibrinogen < 150 mg/dL); hemophagocytosis 
in bone marrow, spleen, lymph node, or liver; low or absent 
natural killer cell activity; ferritin > 500 ng/mL; and elevated 
soluble CD25 (soluble interleukin (IL)-2 receptor alpha)) are 
used to diagnose HLH [9]. Each case was carefully reviewed 
to confirm that the timing and the clinical presentation was 
highly suggestive that the symptoms were directly related to 
the ICI received by the patient.

Selection criteria

We selected only the cases of HLH that fulfilled the diagnostic 
criteria. We excluded duplicate articles, and cases with other 
potential precipitants of HLH.

Data collection

Two researchers independently identified and selected the ti-
tles, abstracts, and full texts obtained in the database search. 
After completing the PubMed PRISMA search, we completed 
a manual search by subsequently screening the reference lists 
of all selected articles. A total of 25 relevant cases were identi-
fied. Three cases of macrophage activation syndrome (MAS) 
were excluded as they did not contain sufficient data to fulfill 
diagnostic criteria for HLH [9]. Fourteen individual case re-
ports and two case series each containing three and five cases 
were included in our review. For each case, we collected pa-

tient demographics, indication for ICI, clinical presentation, 
medical comorbidities, timing from the first dose to onset of 
symptoms, diagnostic criteria fulfilled for HLH, treatment, 
and clinical outcome on follow-up (Supplementary Material 
1, www.wjon.org).

Results

A total of 22 cases constituted the final sample. The reported 
cases in this review were from the USA (n = 12), UK (n = 5), 
Japan (n = 3), Australia (n = 1) and Germany (n = 1). The main 
characteristics of these cases are summarized here (Supple-
mentary Material 1, www.wjon.org). Majority of the 22 cases 
were men (n = 14), and the mean age of the patients was 55 
years (range 26 to 78 years). Immunotherapy was prescribed 
for metastatic melanoma (n =12), lung cancer (n = 3) or other 
cancers (n =7). Other cancers were metastatic head and neck 
squamous cell carcinoma, glioblastoma, metastatic thymic 
carcinoma, metastatic prostate carcinoma, metastatic breast 
carcinoma, metastatic bladder cancer and pulmonary sarcoma-
toid carcinoma. The immunotherapy prescribed consisted of 
antibodies against PD-1/PD-L1 in all 22 patients. Out of them, 
immunotherapy consisting of anti-CTLA-4 antibodies were 
prescribed in nine. The time between the first infusion and the 
onset of HLH ranged from a few days to 1 year. A few patients 
developed other immune-related toxicities, such as immune-
mediated hepatitis (n = 5), hypophysitis (n = 2), lymphocytic 
meningitis (n = 2), hepatic cytolysis (n = 2), colitis (n = 1), 
pneumonitis (n = 1), autoimmune hemolytic anemia (n = 1), 
thyroiditis (n = 1), autoimmune hemolytic anemia (n = 1) and 
autoimmune thyroiditis (n = 1).

The characteristics of the 22 patients are shown here 
(Supplementary Material 1, www.wjon.org). All patients ful-
filled the HLH-2004 criteria for HLH and required in-patient 
level of care. Fever was the most common symptom at the 
presentation (90.9%). The most common laboratory findings 
were anemia (90.9%), thrombocytopenia (90.9%), elevated 
ferritin (90.9%). Only nine patients had an elevated soluble 
CD25 (40.9%). A bone marrow/liver biopsy was performed in 
19 (86.36%) cases, revealing features of hemophagocytosis. 
One patient had a negative bone marrow biopsy initially and 
on repeat found to have hemophagocytosis. Although other 
potential causes of HLH such as infection and progression of 
the cancer were considered in all cases, there was no suffi-
cient evidence to confirm the association. Thus, it was con-
cluded that HLH was secondary to ICI except for one patient 
who developed HLH during treatment with dabrafenib and 
trametinib following pembrolizumab, and therefore was un-
able to confirm which agent caused HLH. All the patients re-
ceived steroids (100%). Five patients were treated with etopo-
side (22.7%), one with intravenous immunoglobulin (4.6%), 
five with cytokine blockade (tocilizumab in four cases and 
anakinra in the other), and three patients received immuno-
suppressive therapy (mycophenolate mofetil, tacrolimus and 
cyclosporine). HLH was resolved by the treatment in 19 and 
three patients died. Three patients were rechallenged with im-
munotherapy, with no recurrence of HLH.
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Discussion

As immunotherapy becomes more widely available, new 
irAEs are being reported [11]. Early identification is critical to 
prevent complications. As evidenced by our review, the most 
common presentations include fever, anemia, thrombocytope-
nia, and elevated ferritin. It is potentially treatable if identified 
early although mortality remains high [12-16].

HLH is characterized by excessive immune activation result-
ing in multi-organ failure, cytopenia and bleeding [9]. It has been 
reported in patients receiving immunotherapy with nivolumab, 
ipilimumab, and/or pembrolizumab [12-14, 17]. However, this 
is one of the rare irAEs; only one case was identified among the 
745 patients included in one of the three pharmacovigilance data-
bases [18]. HLH should be suspected when a patient on ICIs de-
velops unexplained fever, cytopenia, and elevated transaminases. 
The diagnosis is challenging because it may mimic other com-
mon conditions in oncology patients such as sepsis, disseminated 
intravascular coagulation, and acute liver failure [19]. Other irAE 
such as autoimmune hepatitis may also present with similar clini-
cal features and laboratory findings [20]. Extremely high ferritin, 
usually more than 3,000 µg/L is a helpful but a nonspecific mark-
er for HLH. The diagnosis of HLH is based on fulfilling the pub-
lished diagnostic criteria used in the HLH-2004 trial [9]. Howev-
er, it is important to note that oncology patients have many other 
causes for elevated ferritin such as transfusion, sepsis, and liver 
inflammation [21, 22], etc. Soluble CD25/soluble interleukin-2 
receptor (sIL-2R) alpha is a more specific biomarker, although 
it needs to be specifically studied in the ICI-HLH setting [23]. 
Further, hemophagocytosis in bone marrow can be seen in sepsis, 
after blood transfusions [24], etc. Overall, it is important to rec-
ognize the clinical and laboratory features of HLH and perform 
a comprehensive evaluation to find the underlying etiology [25].

In 1994 the Histiocyte Society initiated a prospective in-
ternational collaborative therapeutic study (HLH-94) hoping to 
improve survival of patients with HLH. It combined chemother-
apy and immunotherapy (etoposide, corticosteroids, cyclosporin 
A, and, in selected patients, intrathecal methotrexate), followed 
by bone marrow transplantation (BMT) in persistent, recurring, 
and/or familial disease. Initial treatment is given based on the 
HLH-94 protocol in addition to treatment of the causative dis-
ease. HLH-94-based therapy includes etoposide and dexametha-
sone given at tapering doses over 8 weeks. Upon review of three 
melanoma patients who developed ICI-related HLH, it was clear 
that anti-IL-6 therapy seems a very promising strategy for this 
entity allowing rapid resolution of symptoms and normaliza-
tion of the abnormal laboratory results. Interesting trials testing 
alternative therapeutic approaches have been initiated, includ-
ing those incorporating ruxolitinib, anakinra, alemtuzumab and 
emapalumab and currently are being explored [25]. It is impor-
tant to note that therapy should not be delayed while awaiting 
specialized immunologic testing or genetic analysis [26].

ICI use in clinical practice has uncovered a spectrum of 
irAEs due to immune system hyper-activation. ICI-related 
HLH has been recently outlined in single case reports. The 
prognosis of ICI associated with HLH appears to be variable, 
ranging from complete resolution of symptoms to death. Fur-
ther data are needed to confirm the association of either the 

PD-1 pathway or CTLA-4 inhibition with the development 
of HLH [7]. Interestingly, nivolumab has provided a poten-
tial cure for patients with HLH induced by Epstein-Barr virus 
(EBV) infection on review of seven patients.

Future Work

As scientists and physicians continue to explore the molecu-
lar mechanisms of the immune response in human body, it is 
expected that more treatment options will become available in 
the future for this life-threatening complication of ICI. Also, 
it is interesting to note that nivolumab, one of the ICIs that 
lead to HLH has also been identified as a potential therapy 
for EBV-associated HLH. Retrospective analysis of seven re-
lapsed or refractory EBV-HLH patients who were treated with 
nivolumab on a compassionate-use basis at West China Hospi-
tal has led to complete response in five patients [27]. However, 
larger prospective clinical trials are warranted in this area.

Supplementary Material

Suppl 1. Main characteristics of the cases summarized in the 
database search.
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