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Abstract

Programmed cell death protein 1 (PD-1) checkpoint inhibitors such as 
pembrolizumab are novel therapeutics used to treat various advanced 
malignancies and have been shown to increase patient survival in sev-
eral studies. However, these drugs have a toxicity profile that ranges 
from mild side effects such as dermatitis to life-threatening complica-
tions. We present a case of pembrolizumab-induced hemophagocytic 
lymphohistiocytosis (HLH) in an 80-year-old patient with squamous 
cell carcinoma (SCC) of presumed cutaneous primary. This patient 
initially presented with weakness and pancytopenia, thought to be 
immune-related. She developed progressive anemia, after which fur-
ther workup revealed concern for HLH. She recovered after a course 
of steroids, tocilizumab, and etoposide. To our knowledge, this pa-
tient’s course is among a few rare cases of immune checkpoint in-
hibitor (ICI)-mediated HLH. This case highlights the need for early 
diagnosis and recognition of HLH as a potential toxicity related to 
ICI therapy.
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Introduction

Pembrolizumab is an immune checkpoint protein inhibitor 
that targets programmed cell death protein 1 (PD-1) or pro-
grammed cell death ligand (PD-L1) [1, 2]. Many cancers dis-
play immune tolerance by downregulating the T-cell-mediated 
response, including the PD-1 and PD-L1 pathways [2]. Im-

mune checkpoint inhibitors (ICIs) like pembrolizumab are de-
signed to block these inhibitory signals and restore the natural 
antitumor response mediated by these regulatory T cells [3]. 
However, pembrolizumab may also over-activate T cells, trig-
gering a hyper-inflammatory state such as hemophagocytic 
lymphohistiocytosis (HLH) [4]. Although the exact physiolog-
ic mechanism behind ICI-induced HLH is poorly understood, 
translational research suggests that these side effects may de-
velop through a combination of widespread T-cell activation, 
production of inflammatory cytokines, defective granule-me-
diated cytotoxicity of T lymphocytes, and natural killer cell 
dysfunction [5]. The abundant release of cytokines activate 
macrophages to engulf red blood cells and create hemophago-
cytosis, the characteristic feature of HLH [6].

HLH is a life-threatening condition with a mortality rate of 
over 66% [7]. It is a diagnosis that requires prompt treatment to 
avoid progressive organ failure. Unfortunately, less than 50% 
of adults with HLH receive directed therapy due to a lack of 
awareness and missed diagnosis [8]. Patients with this disease 
present with recurrent high fever and laboratory tests showing 
pancytopenia, hyperferritinemia, hypertriglyceridemia, and 
hypofibrinogenemia [8]. As many of these symptoms overlap 
with the clinical picture of infection and sepsis, and there ex-
ists a paucity of diagnostic tools, HLH is often overlooked [9]. 
Recently, there have been case reports and database reviews 
of ICI-induced secondary HLH. However, these reports il-
lustrate a wide variety of different diagnostic and therapeutic 
approaches with variable outcomes [6]. Moreover, retrospec-
tive observational cross-sectional studies have shown that the 
incidence of ICI-related HLH was estimated to be < 0.1% [10]. 
Our patient responded well after a trial of dexamethasone, to-
cilizumab, and etoposide. Our case highlights the importance 
of recognizing rare but life-threatening toxicities associated 
with ICI use.

Case Report

Investigations

Our case was an 80-year-old female with a past medical histo-
ry significant for multiple skin cancers that had been resected 
over the years including a well-differentiated squamous cell 
carcinoma (SCC) on right and left forearm resected in 2014 
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and 2019, respectively. She presented to her primary care 
physician with swelling in her left groin with associated pain 
noted in February 2020. Physical examination at that time 
did not demonstrate swelling of any other lymph nodes and 
no remarkable skin findings. A computer tomography (CT) 
scan was concerning for pathologic appearing adenopathy in 
the inguinal and left pelvic lymph nodes. Lymph node biopsy 
demonstrated poorly differentiated non-small cell carcinoma 
with focal squamous differentiation (p16 negative) of un-
known primary origin on immunohistochemistry. Given her 
pathologic pelvic lymph nodes, she underwent a pap smear 
and urine cytology was obtained, both negative for malignan-
cy. It was ultimately determined she had squamous cell cancer 
of likely cutaneous primary given her history of multiple skin 
cancers.

She received treatment with local irradiation where she 
received 2,000 cGy in five fractions. Positive emission tomog-
raphy (PET)/CT scan following radiation showed a decrease in 
size and metabolic activity of pelvic and inguinal lymph nodes 
but worsening of metastatic disease to thoracic and abdomin-
opelvic lymph nodes, lungs, and an enlarging hypermetabolic 
lytic lesion involving the superior pubic ramus. She was sub-
sequently started on pembrolizumab at 400 mg, initially every 
3 weeks and later transitioned to every 6 weeks. She was noted 
to have progressive thrombocytopenia and mild neutropenia 
following her sixth cycle.

Two weeks after receiving cycle six of pembrolizumab, she 
presented to oncology clinic with weakness. Further workup 
revealed worsening leukopenia with white blood cell (WBC) 
count at 1,300/µL and absolute neutrophil count of 500/µL, 
platelet count of 89,000/µL, and a hemoglobin of 7.3 g/dL. Sub-
sequent workup for pancytopenia was unrevealing with normal 
lactate dehydrogenase (LDH), haptoglobin, thyroid function 
tests, vitamin B12 and folic acid. Peripheral smear was obtained 
and demonstrated normocytic anemia, anisopoikilocytosis and 
polymorphous lymphocytes. Direct antiglobulin test and dis-
seminated intravascular coagulation (DIC) screen were nega-
tive. She developed transfusion dependence and presented with 
worsening fatigue for which she was hospitalized.

She underwent a bone marrow biopsy that showed normo-
cellular bone marrow (30%) with panhypoplasia and reactive 
appearing T cells with marked infiltration of cytotoxic cells 
in the bone marrow. Hemophagocytosis was not identified on 
pathologist review. CT scan of the chest, abdomen, and pelvis 
showed a slight increase in a previously demonstrated left in-
guinal mass, a minor decrease in mediastinal adenopathy, and 
a new 0.8 cm pulmonary nodule, however, did not meet Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) criteria 
for disease progression. A reactive process was favored over 
T-cell malignancy as the T cells did not show any loss of T-
cell antigens, there were no definitive aggregates or marked 
cytologic atypia, and T-cell gene arrangement studies showed 
an oligoclonal pattern. Correlation with cytogenic and fluo-
rescence in situ hybridization (FISH) studies showed normal 
cytogenetics by karyotype and negative FISH panel for my-
elodysplastic/myeloproliferative neoplasms. These findings 
overall favored immune-mediated bone marrow suppression 
as a diagnosis of exclusion.

The patient was started on steroids 1 mg/kg methylpred-

nisolone and with gradual improvement in her cell counts, she 
was eventually discharged on 60 mg prednisone daily. Her he-
moglobin had improved to 7.8 g/dL, with platelets at 44,000/
µL and WBC at 1,300/µL at discharge.

Three days later, she was readmitted for severe anemia 
with hemoglobin of 5.4 g/dL along with symptoms of weak-
ness and lightheadedness. Additionally, her WBC count had 
decreased to 900/µL with an absolute neutrophil count (ANC) 
of 400/µL. Platelets were stable at 64,000/µL. She was trans-
fused one unit of packed red blood cells. Shortly after this 
transfusion, she was found to be febrile. Due to concern for a 
transfusion reaction, the transfusion was stopped shortly af-
terward.

On re-admission, prednisone was continued at 1 mg/kg. 
Further workup for neutropenic fever was pursued. Blood cul-
tures were negative at 48 h. Chest X-ray demonstrated a small 
left pleural effusion and a few minimal patchy ground glass 
opacities. Laboratory results showed markedly elevated fer-
ritin to 64,579 ng/mL, hypofibrinogenemia of 99 mg/dL, el-
evated triglycerides of 251 mg/dL, and elevated LDH of 1,950 
U/L. All viral serologies, including Epstein-Barr virus, cyto-
megalovirus, parvovirus, herpes simplex virus, were negative. 
Fungitell and urine histoplasma antigen were negative. Given 
the constellation of signs and symptoms and rapid deteriora-
tion, there emerged a concern for HLH. Per the HLH-2004 
trial, HLH is diagnosed based on meeting at least five of eight 
criteria, including fever > 38.5 °C, splenomegaly, cytopenias 
affecting at least two lineages, hypertriglyceridemia and/or hy-
pofibrinogenemia, hemophagocytosis, decreased natural killer 
(NK)-cell activity, elevated sCD25, and hyperferritinemia [11]. 
This patient met modified criteria for HLH, including pancy-
topenia, hepatitis, fever, splenomegaly, hyperferritinemia, hy-
pofibrinogenemia, hypertriglyceridemia, and elevated soluble 
interleukin (IL)-2 receptor levels at 8,645 U/mL. Furthermore, 
NK-cell activity tests were obtained and demonstrated pro-
foundly low NK-cell activity with NK 50:1 of 5.3% (normal 
value greater than 7.8%). At the time, we also considered the 
possibility of sepsis. However, there was no infectious source 
found despite extensive imaging; blood cultures were negative, 
and our viral panel was unremarkable. Moreover, this patient’s 
extremely high ferritin level was more consistent with HLH 
than an acute phase reactant from sepsis. Additionally, our dif-
ferential also included cytophagic histiocytic panniculitis and 
thrombotic thrombocytopenic purpura (TTP). This patient had 
no subcutaneous nodules to suggest cytophagic histiocytic 
panniculitis and an absence of intravascular hemolysis to sug-
gest TTP. We favored ICI-related HLH due to constellation of 
symptoms and negative workup for other etiologies.

Treatment

Steroids were increased to dexamethasone 10 mg/kg. After no 
signs of improvement following 3 days of steroids, the patient 
was started on tocilizumab at 4 mg/kg as this was shown to be 
a potentially therapeutic option for the management of steroid 
refractory immune-related adverse effects via a mechanism of 
immune checkpoint blockade [12]. A second dose of tocili-
zumab at 8 mg/kg was given 48 h later with no improvement. 
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The patient was then transitioned to etoposide at 150 mg/m2 
for four doses as per HLH 1994 protocol [13].

Follow-up and outcomes

She completed treatment in the outpatient setting which she 
tolerated well, with improvement in her clinical symptoms and 
normalization of her cell lines. A PET scan with CT of the skull 
to mid-thigh was conducted close to discharge to restage the 
patient’s SCC. No new sites of avid metastatic disease were 
found, with some interval resolution of hypermetabolic activ-
ity associated with her thoracic lymphadenopathy and pulmo-
nary nodules consistent with treatment response. A review of 
this patient’s laboratory findings may be found in Table 1; an 
overview of their thrombocytopenia and ferritin levels are pro-
vided in Figures 1 and 2.

Discussion

We present an interesting case of metastatic squamous cell 
skin cancer with an unknown primary in a patient who devel-
oped subsequent HLH caused by pembrolizumab therapy. In a 
literature review, there have been reports of ICI-induced HLH 
in SCC of the lung, urothelial carcinoma, thymic carcinoma, 
Merkle cell carcinoma, breast cancer, head and neck SCC, and 
melanoma [2, 6, 11, 14, 15]. We contribute to the current data-
base with this rare case of ICI-induced HLH in a patient with 
SCC.

There is discussion regarding aberrant T-cell overactiva-
tion as the trigger for ICI-induced HLH. Pembrolizumab acts 
by binding and blocking the PD-L1 receptor, preventing these 
receptors from interacting with PD-1-binding sites on lympho-

cytes. However, the PD-1 receptor is expressed on immune 
cells to help regulate self-tolerance, promoting the conversion 
of cytotoxic T cells into T-regulatory cells. Therefore, imped-
ing this interaction may increase cytotoxic T-cell activity and 
lead to the development of HLH [11, 16]. Researchers have 
observed an inverse relationship between PD-1 expression 
and tumor-associated macrophage and cancer cell phagocy-
tosis following PD-1/PD-L1 targeted therapy [14]. Moreover, 
there have been cases of patients treated with chimeric antigen 
receptor T-cell (CAR-T) therapy that have developed HLH, 
further demonstrating the association between T-cell activity 
regulation and the development of HLH [15].

HLH onset with pembrolizumab has been widely vari-
able. Some cases report signs of HLH less than a month after 
starting, while others report over a year [2, 17]. As previously 
noted, our patient developed HLH roughly 6 months after 
starting pembrolizumab. Additionally, outcomes for HLH ap-
pear to vary depending on the underlying cause [18]. Recent 
retrospective observational cross-section studies suggest ICI-
induced HLH was resolved in 61% of cases with the sole use 
of steroids [10, 19]. Regardless, the mortality of patients with 
HLH is high and one meta-analysis comprised of 26 ICI-relat-
ed HLH patients found a mortality rate of 23% [16]. Patients 
treated with the HLH-1994 protocol have a median survival 
rate of 54% [20]. A higher serum ferritin or a slower rate of 
decline in ferritin confers a worse prognosis [21]. The prog-
nosis is also worse in older adults, especially with those with 
an underlying malignancy [22]. Earlier diagnosis of HLH is 
expected to improve survival; thus it is critical to recognize 
and treat early.

Unfortunately, this disease is often difficult to diagnose. 
In our case, we suspected our patient was initially experienc-
ing immune-related bone marrow suppression, when this was 
masking presentation of HLH. Therefore, HLH should be 

Table 1.  A Review of This Patient’s Laboratory Findings

On/short-
ly after 
admission

After first 
dose of 
tocilizumab

After second 
dose of tocili-
zumab with first 
dose of etoposide

After 
second 
dose of 
etoposide

After 
third 
dose of 
etoposide

After 
fourth 
dose of 
etoposide

9 days 
after 
therapy

7 months 
after 
therapy

White blood cell (× 103/µL) 0.9 1.5 1.0 1.0 0.8 0.6 2.0 4.8
ANC (× 103/µL) 0.4 0.5 0.5 0.5 0.4 0.2 1.2 2.5
Hemoglobin (g/dL) 5.4 6.8 6.8 7.8 8.1 7.2 6.5 9.0
Platelet (× 103/µL) 64 64 77 80 63 34 93 227
AST (U/L) 127 136 149 70 31 11 16 17
ALT (U/L) 53 41 79 84 63 24 58 19
Total bilirubin (mg/dL) 1.5 1.1 1.1 0.8 0.6 0.5 0.5 0.3
LDH (U/L) 1,950 2,298 1,891 1,013 582 373 306 240
Ferritin (ng/mL) 64,579 41,679 31,563 16,823 4,929 3,148 2,306 1,767
Fibrinogen (mg/dL) 99 70 51 73 105 147 350 467
D-dimer (ng/mL) 47,206 - - - - 1,024
IL-2 levels - 8,645 - - - -

ANC: absolute neutrophil count; AST: aspartate transaminase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; IL-2: interleukin-2.
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suspected in cases where patients on ICI develop symptoms 
such as cytopenia, fever, or skin rashes. As these symptoms 
are often vague and resemble other immune-mediated adverse 
events, the diagnosis is usually challenging [4].

Conclusion

We present a case report of a patient with SCC of unknown ori-
gin who developed HLH as a complication of ICI therapy. As 
this complication is rare, challenging, and difficult to diagnose 
with non-specific symptoms, practitioners should maintain a 
low threshold to consider HLH in patients with ICI therapy 
who develop cytopenias, fevers, skin rashes, or liver dysfunc-
tion. Moreover, as HLH is often life-threatening, it is crucial to 
intervene at the earliest.
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