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Introduction
Hemophagocytic lymphohistiocytosis (HLH) is a fulminant 
hyperinflammatory condition resulting from dysregulated 
activation of cytotoxic lymphocytes and macrophages, 
leading to excessive cytokine release and rapid clinical 
deterioration. Patients commonly present with prolonged 
fever, hepatosplenomegaly, progressive cytopenia, and 

markedly elevated ferritin levels1. Interferon-γ (IFN-γ) has 
been identified as a central mediator of the cytokine storm 
driving tissue damage and multiorgan dysfunction in HLH2. 
HLH may arise from inherited immune dysregulation or 
develop secondarily to external triggers such as infections, 
malignancies, or immune-mediated diseases, and when 
associated with rheumatic disorders, it is commonly referred 
to as macrophage activation syndrome (MAS)3.

Abstract
Hemophagocytic lymphohistiocytosis (HLH) is a rare but life-threatening hyperinflammatory syndrome driven by uncontrolled 
immune activation and excessive cytokine release, in which interferon-γ (IFN-γ) plays a central pathogenic role. Data regarding 
targeted IFN-γ blockade in secondary HLH remain limited. We report a case of a previously healthy 17-year-old girl who developed 
severe secondary HLH, characterized by persistent fever, progressive cytopenia, marked hyperferritinemia, disseminated 
intravascular coagulation, multiorgan failure, and life-threatening gastrointestinal bleeding. Despite intensive treatment with 
intravenous immunoglobulin, high-dose corticosteroids, anakinra, cyclosporine, and plasmapheresis, the hyperinflammatory state 
remained refractory. Emapalumab, a monoclonal antibody targeting IFN-γ, was initiated as rescue therapy in the pediatric intensive 
care unit, resulting in rapid clinical stabilization and marked laboratory improvement, which allowed tapering of immunosuppressive 
treatments. Following recovery from the cytokine storm, a splenectomy was safely performed, revealing an underlying anaplastic 
large cell lymphoma. This case highlights the potential life-saving role of emapalumab as a rescue therapy for refractory secondary 
HLH and suggests that timely IFN-γ blockade may stabilize critically ill patients and facilitate definitive diagnostic and therapeutic 
interventions in malignancy-associated HLH.
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Emapalumab is a human monoclonal antibody that 
selectively neutralizes IFN-γ and has been approved 
to treat primary HLH and MAS complicating pediatric 
and adult Still’s disease4. However,  there are still 
limited data  regarding its use in these conditions.  A 
recent study  reported  successful use of emapalumab 
in a child with refractory systemic juvenile idiopathic 
arthritis complicated by MAS and trisomy 21, further 
supporting its life-saving potential in severe IFN-driven 
hyperinflammatory states5. In addition, emapalumab 
has been increasingly considered as a therapeutic 
option in other cytokine storm syndromes, such as 
chimeric antigen receptor (CAR) T-cell-associated 
hyperinflammation6 and malignancy-associated HLH7.
In this report, we describe our experience using 
emapalumab as rescue therapy in a patient with 
secondary HLH who progressed to life-threatening 
multiorgan involvement despite intensive conventional 
immunosuppressive treatment.

Case Report
A previously healthy 17-year-old girl was transferred to 
our tertiary pediatric intensive care unit (PICU) with a 
preliminary diagnosis of secondary HLH due to persistent 
high fever for 20 days,  severe cytopenia,  marked 
hyperferritinemia,  poor general condition, and  severe 
gastrointestinal bleeding. She had no history of night 
sweats or significant weight loss. Her history revealed 
that she initially developed  arthralgia and high fever, 
and splenomegaly was detected concurrently, prompting 
evaluation for  Epstein-Barr virus (EBV) infection. As 
her clinical condition progressively worsened, she 
was hospitalized at a center, where she was diagnosed 
with  secondary HLH. At that hospital,  intravenous 
immunoglobulin (1 g/kg)  was administered, followed 
by high-dose methylprednisolone (30 mg/kg/day) and anti-
interleukin-1 therapy (anakinra) (5 mg/kg/day)  after 
clinical deterioration requiring PICU admission. Despite 
these interventions,  fever persisted  and  ferritin levels 
continued to rise, leading to  plasmapheresis (five 
sessions)  and  anakinra escalation to 10 mg/kg/day. 
Because of refractory cytokine storm, despite maximal 
doses of corticosteroids, anakinra, and plasmapheresis, 
the patient was  transferred to our tertiary PICU for 
further management.
Her physical examination revealed fever and 
hepatosplenomegaly at admission. She did not have 
clinically significant lymphadenopathy. Laboratory 
investigations demonstrated anemia (hemoglobin: 
9.2 g/dL), neutropenia (970/µL), thrombocytopenia 
(25,000/µL), elevated C-reactive protein (139 mg/L), 
increased transaminases [aspartate aminotransferase 
(AST): 138 U/L, alanine aminotransferase (ALT): 121 
U/L], marked hyperferritinemia (2,709 ng/mL), and 
hypofibrinogenemia.
Abdominal ultrasonography  showed  hepatomegaly 
(165 mm)  and  splenomegaly (176 mm). Serological 
tests for Toxoplasma gondii, Rubella, Cytomegalovirus, 
EBV, Parvovirus B19, hepatitis viruses,  and  human 
immunodeficiency virus ruled out acute infection. 
Although severe acute respiratory syndrome coronavirus 

2 immunoglobulin G was markedly elevated (>4,000 IU/
mL), this was attributed to prior vaccination and previous 
infection, thus  active coronavirus disease 2019  was 
excluded.
Bone marrow examination revealed no malignant 
infiltration but showed prominent histiocytic proliferation, 
consistent with HLH. Given the significant splenomegaly, 
Leishmania infection was also considered; however, 
serological and molecular tests were negative, and no 
amastigotes were detected in the bone marrow.
Genetic testing  for  primary HLH, including analysis 
of  STXBP2,  PRF1, and  UNC13D, as well as  whole-
exome sequencing, revealed  no pathogenic 
variants. Autoantibody screening, including antinuclear 
antibody,  anti- double-stranded deoxyribonucleic acid, 
and anti-neutrophil cytoplasmic antibody, was negative, 
and complement levels were within normal limits. The 
patient did not meet the diagnostic criteria for systemic 
vasculitis  or  systemic lupus erythematosus, and 
the absence of rash and arthritis also excluded systemic 
juvenile idiopathic arthritis.
The patient was diagnosed with secondary 
HLH according to the HLH-2004 criteria8 (fulfilling five of 
the eight diagnostic items), characterized by persistent 
fever for 20 days (≥38.5 °C), splenomegaly, cytopenia 
affecting three lineages (hemoglobin 9.2 g/dL, neutrophils 
970/µL and platelets 25,000/µL), hyperferritinemia 
(baseline 2,709 ng/mL; peak level 8,641 ng/mL during 
the disease course), hypertriglyceridemia (323 mg/dL) 
and hypofibrinogenemia (103 mg/dL). Bone marrow 
examination revealed histiocytic proliferation and 
findings suggestive of hemophagocytosis. Assessment 
of soluble interleukin-2 receptor  [soluble cluster of 
differentiation (sCD25)],  natural killer-cell cytotoxic 
activity, and  cytokine profiles  could not be performed 
due to unavailability of these assays.
After transfer to our tertiary PICU, the patient’s clinical 
condition deteriorated further, and she 
required  endotracheal intubation  and  mechanical 
ventilation. Anakinra, pulse methylprednisolone, and 
plasmapheresis were continued. Cyclosporine was 
initiated at a dose of 2 mg/kg/day. Due to severe 
cytopenia, ruxolitinib and etoposide were avoided. 
Her laboratory evaluations  revealed findings also 
consistent with  capillary leak syndrome, multiorgan 
failure, and  disseminated intravascular coagulation 
(DIC) accompanied by  severe bleeding. She also 
developed  profound and refractory thrombocytopenia, 
requiring  repeated platelet transfusions. Given the 
combination of  severe DIC,  HLH and the possibility 
of  splenic sequestration,  splenic involvement  was 
considered as a contributing factor. However, due to 
the  high risk of bleeding,  splenic biopsy  could not be 
performed. A total splenectomy was planned as both a 
diagnostic and therapeutic procedure but was postponed 
because of a high bleeding risk and the patient’s critical 
clinical condition. For the same reason, and because 
the patient required mechanical ventilation, advanced 
imaging studies, such as positron emission tomography-
computed tomography (CT) or contrast-enhanced CT, 
could not be performed. Because of persistent features 
of a cytokine storm and an inadequate response to 
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treatment, emapalumab was initiated on the second 
day after transfer to our PICU. Prophylactic acyclovir, 
trimethoprim-sulfamethoxazole, and fluconazole were 
started, and the first dose of emapalumab (6 mg/kg) 
was administered. Although emapalumab was initially 
scheduled at 3 mg/kg every 3 days until day 15, logistical 
constraints necessitated adjustments to the dosing 
regimen (Figure 1). 
Three weeks after the initiation of emapalumab, the 
hyperinflammatory state markedly improved, allowing 
for the discontinuation of anakinra and tapering of 
corticosteroids. Once the patient’s condition stabilized, 
a total splenectomy was performed, which revealed 
anaplastic large cell lymphoma (ALCL). The patient was 
then transferred to the pediatric hematology-oncology 
unit for ALCL-specific treatment. 
Written informed consent for publication was obtained 
from the patient’s legal guardians.

Discussion
This case underscores the potential value of emapalumab 
as a rescue strategy in patients with secondary 
HLH who fail to respond to intensive conventional 
immunosuppressive therapy. Despite escalation of 
treatment with high-dose corticosteroids, intravenous 
immunoglobulin, anakinra, cyclosporine, and 
plasmapheresis, our patient continued to demonstrate 
uncontrolled systemic inflammation and worsening 

cytopenia. Although etoposide-based regimens9 and 
Janus kinase (JAK) inhibition with ruxolitinib10 have 
been used in secondary HLH, both approaches may 
be associated with important limitations in critically ill 
patients. Etoposide may worsen severe cytopenia, and 
ruxolitinib may further aggravate thrombocytopenia 
and increase susceptibility to infections. In our patient, 
the presence of profound cytopenia, DIC, and life-
threatening bleeding raised concerns regarding these 
treatments. In this context, targeted IFN-γ blockade with 
emapalumab was considered a potentially safer strategy 
for controlling the cytokine storm. Following initiation of 
IFN-γ blockade, rapid cytokine control was achieved, 
leading to clinical stabilization and enabling a delayed 
splenectomy, which ultimately allowed identification of 
the underlying ALCL.
HLH associated with malignancy frequently manifests 
as a fulminant hyperinflammatory state that may 
be clinically indistinguishable from primary HLH10. 
Available evidence regarding the use of emapalumab 
in secondary HLH remains limited and heterogeneous, 
comprising infection-related, malignancy-associated, 
and treatment-induced forms of the syndrome6,7,11,12. In 
a study involving 15 adults with malignancy-associated 
HLH, changes in biomarkers following emapalumab 
therapy were evaluated. The results demonstrated 
significant reductions in sCD25, AST, ALT, and lactate 
dehydrogenase levels7. Similarly, in our patient, treatment 
with emapalumab led to a notable improvement in these 
biomarkers, accompanied by marked clinical efficacy 
consistent with previously described clinical responses 
in both primary and secondary HLH (Figure 2). An adult 
patient with B-cell acute lymphoblastic leukemia who 
developed refractory HLH after CAR-T therapy was 
also successfully treated with emapalumab6. Likewise, 
a pediatric case of refractory EBV-associated HLH 
achieved remission following emapalumab therapy 
after failure of conventional treatments12. These reports 
collectively indicate that IFN-γ blockade can be effective 
across diverse etiologies and age groups, providing a 
targeted therapeutic strategy for otherwise refractory 
cytokine storm syndromes. 

Figure 1. Treatment course of the patient, including administration of IVIG, PEX, 
CSA, ANK, mPDN, and EMAP. Treatment started with a dose of 6 mg/kg EMAP 
on day 2, followed by 1 mg/kg on day 5 due to access difficulties. Subsequent 
doses were 3 mg/kg on day 8, 2 mg/kg on day 11, and 3 mg/kg on days 15, 18, 
21, 25 and 28
IVIG: Intravenous immunoglobulin, PEX: Plasma exchange, CSA: Cyclosporine, 
ANK: Anakinra, mPDN: Methylprednisolone, EMAP: Emapalumab, PICU: 
Pediatric intensive care unit

Figure 2. Laboratory findings of the patient after transfer to our tertiary pediatric 
intensive care unit, showing the course of AST, fibrinogen, platelet, and ferritin 
levels throughout treatment.
AST: Aspartate aminotransferase
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IFN-γ is considered a key mediator of the 
hyperinflammatory cascade in HLH and represents an 
important therapeutic target. However, the inflammatory 
pathways driving malignancy-associated HLH are likely 
heterogeneous and may not be exclusively dependent 
on IFN-γ signaling13. Therefore, the contribution of 
IFN-γ–mediated mechanisms may vary depending 
on the underlying trigger of HLH. A limitation of this 
report is the absence of cytokine profiling, which might 
have provided additional insight into the inflammatory 
pathways involved in our patient.

Conclusion
In our case, the definitive diagnosis of ALCL was 
established only after resolution of the cytokine 
storm, underscoring the value of targeted cytokine 
inhibition in stabilizing critically ill patients and enabling 
definitive diagnostic procedures. In life-threatening 
hyperinflammatory states in which the underlying cause 
remains uncertain, timely initiation of emapalumab may 
serve as a life-saving bridge therapy that facilitates both 
disease control and diagnostic clarification, particularly 
in patients with progressive organ failure, severe 
cytopenia, or inadequate response to corticosteroids, 
anakinra, tocilizumab, or JAK inhibitors. However, 
the  broader use of anti-IFN-γ therapy  in secondary 
HLH requires  further validation through large-scale, 
multicenter randomized controlled trials.

Ethics
Informed Consent: Written informed consent for 
publication was obtained from the patient’s legal 
guardians. 

Footnotes
Author Contributions: Kara Çanlıoğlu N: Concept, 
Design, Data Collection or Processing, Analysis or 
Interpretation, Literature Search, Writing; Atamyıldız 
Uçar S: Data Collection or Processing, Analysis or 
Interpretation, Literature Search; Tunce E: Design, 
Analysis or Interpretation, Literature Search; Sözeri 
B: Surgical and Medical Practices, Concept, Design, 
Analysis or Interpretation, Literature Search.
Conflict of Interest: The authors have no conflicts of 
interest to declare.

Financial Disclosure: The authors declared that this 
study received no financial support.

References
1.	 Allen CE, McClain KL. Pathophysiology and epidemiology of 

hemophagocytic lymphohistiocytosis. Hematology Am Soc 
Hematol Educ Program. 2015;2015:177-182. [CrossRef]

2.	 Jordan MB, Hildeman D, Kappler J, et al. An animal model of 
hemophagocytic lymphohistiocytosis (HLH): CD8+ T cells 
and interferon gamma are essential for the disorder. Blood. 
2004;104:735-743. [CrossRef]

3.	 Brisse E, Matthys P, Wouters CH. Understanding the spectrum 
of haemophagocytic lymphohistiocytosis: update on diagnostic 
challenges and therapeutic options. Br J Haematol. 2016;174:175-
187. [CrossRef]

4.	 De Benedetti F, Grom AA, Brogan PA, et al. Efficacy and safety 
of emapalumab in macrophage activation syndrome. Ann Rheum 
Dis. 2023;82:857-865. [CrossRef]

5.	 Akay N, Aslan E, Gul U, et al. Emapalumab as a life-saving 
therapy for macrophage activation syndrome in refractory 
systemic juvenile idiopathic arthritis with trisomy 21. Turk Arch 
Pediatr. 2025;60:695-699. [CrossRef]

6.	 Johnson WT, Epstein-Peterson ZD, Ganesan N, et al. Case 
report: successful use of emapalumab in adult B cell acute 
lymphoblastic leukemia experiencing severe neurotoxicity and 
hemophagocytic lymphohistiocytosis-like features after CAR T 
cell therapy. Front Immunol. 2025;16:1563736. [CrossRef]

7.	 Johnson WT, Epstein-Peterson ZD, Ganesan N, et al. 
Emapalumab as salvage therapy for adults with malignancy-
associated hemophagocytic lymphohistiocytosis. Haematologica. 
2024;109:2998-3003. [CrossRef]

8.	 Henter JI, Horne A, Aricó M, et al. HLH-2004: diagnostic and 
therapeutic guidelines for hemophagocytic lymphohistiocytosis. 
Pediatr Blood Cancer. 2007;48:124-131. [CrossRef]

9.	 Trottestam H, Horne A, Aricò M, et al. Chemoimmunotherapy 
for hemophagocytic lymphohistiocytosis: long-term results of 
the HLH-94 treatment protocol. Blood. 2011;118:4577-4584. 
[CrossRef]

10.	 Keenan C, Nichols KE, Albeituni S. Use of the JAK inhibitor 
ruxolitinib in the treatment of hemophagocytic lymphohistiocytosis. 
Front Immunol. 2021;12:614704. [CrossRef]

11.	 Zoref-Lorenz A, Lehmberg K, Jordan M. Hemophagocytic 
lymphohistiocytosis in the context of hematological malignancies 
and solid tumors. Adv Exp Med Biol. 2024;1448:429-440. 
[CrossRef]

12.	 Jia W, Chen X, Luo J, et al. Case report: emapalumab treatment 
for a pediatric Epstein-Barr virus-associated hemophagocytic 
lymphohistiocytosis (EBV-HLH) patient with cytokine storm 
enabling allogeneic hematopoietic cell transplantation. Transl 
Pediatr. 2024;13:663-672. [CrossRef]

13.	 Nie J, Zhou L, Tian W, et al. Deep insight into cytokine storm: 
from pathogenesis to treatment. Signal Transduct Target Ther. 
2025;10:112. [CrossRef]

https://www.doi.org/10.1182/asheducation-2015.1.177
https://www.doi.org/10.1182/blood-2003-10-3413
https://www.doi.org/10.1111/bjh.14144
https://www.doi.org/10.1136/ard-2022-223739
https://www.doi.org/10.5152/TurkArchPediatr.2025.25394
https://www.doi.org/10.3389/fimmu.2025.1563736
https://www.doi.org/10.3324/haematol.2023.284179
https://www.doi.org/10.1002/pbc.21039
https://www.doi.org/10.1182/blood-2011-06-356261
https://www.doi.org/10.3389/fimmu.2021.614704
https://www.doi.org/10.1007/978-3-031-59815-9_29
https://www.doi.org/10.21037/tp-24-72
https://www.doi.org/10.1038/s41392-025-02178-y

