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Background: M-HLH is a type of HLH that most often occurs in children in the course of hematological malignancies. The diagnosis 
is based on meeting the criteria of the HLH-2004 Protocol. The disease has a rapid course, and the lack of proper diagnosis and 
treatment threatens the patient’s life.
Methods: The paper presents the thorough clinical characteristics, course of treatment, and treatment results in 23 patients treated in 
pediatric hemato-oncology centers in Poland and reported to Polish HLH registry. HLH diagnostic criteria, CNS involvement, 
coexisting viral infections, genetic test results, treatment modalities, therapeutic responses, relapse incidence, and final outcomes 
were analyzed. Clinical and laboratory factors were subjected to statistical analysis. Overall survival was estimated using the Kaplan– 
Meier method for the entire cohort and separately for subgroups defined by type of malignancy and treatment strategy. Separate 
univariable Cox proportional hazards models were used to explore the association between selected clinical factors and survival.
Results: The median age at diagnosis was 11.7 years, in 8 patients HLH symptoms preceded the cancer diagnosis. Acute leukemia 
was the factor causing M-HLH in 12 patients, in the remaining patients it was lymphoma. The treatment included tumor-directed 
therapy with or without HLH-directed therapy. The probability of survival in the study group was 0.539 (95% CI 0.364–0.798). 
Remission of HLH was statistically significant (p-value = 0.0007) and reduced the risk of death by 90% (HR=0.10).
Conclusion: Quick and precise diagnosis and implementation of appropriate treatment bringing the patient into HLH remission is 
extremely important for survival.
Keywords: hemophagocytic lymphohistiocytosis, HLH, malignancy, leukemia, lymphoma, HLH-directed therapy

Introduction
Hemophagocytic lymphohistiocytosis (HLH) is a clinical syndrome of life-threatening inflammation resulting from an 
excessive, prolonged, and ineffective activation of the immune cells. The pathogenesis of HLH involves hyperactivation 
of CD8+ T lymphocytes and stimulation of macrophages leading to a cytokine storm.1–5 HLH presents with fever, severe 
cytopenia, organomegaly, hyperferritinemia, coagulation defects, impaired liver function and frequent central nervous 
system (CNS) involvement.2,3,6–8 HLH can be defined as fulfillment of at least five of eight clinical and laboratory 
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criteria.2 HLH is classified into two types: genetic (primary) and acquired (secondary).2,3 Secondary HLH may occur at 
any age, and is often triggered by infection, rheumatic condition, or malignancy.

According to the Histiocyte Society malignancy-associated HLH (M-HLH) can present either at the onset of 
malignancy or as a result of chemotherapy. Its pathophysiology involves cytokine secretion (including interferon-γ and 
interleukin-6), persistent antigen stimulation by malignant cells, immunosuppression or infection.9,10 M-HLH is most 
often linked to hematologic malignancies, primarily lymphomas and less frequently leukemias, with solid tumors being 
exceedingly rare.11,12 The disease can also occur after hematopoietic cell transplantation, organ transplantation, CAR-T 
cell therapy or treatment with checkpoint inhibitors.13

Adolescents demonstrate a prevalence from 8.4% to 11.5% for malignancy-triggered HLH, though this may be 
significantly underestimated.14,15 Hypomorphic mutations in HLH-related genes may lead to delayed onset16–18 and 
primary immunodeficiencies – such as MAGT1 deficiency or X-linked lymphoproliferative syndromes – can predispose 
individuals to HLH and related cancers.19–22

Although rare in children, M-HLH is clinically aggressive and has a poor prognosis, with 1-year survival rates below 
40% in retrospective studies.13 Despite increasing recognition in Poland, data on pediatric HLH regarding its clinical 
background and treatment response remain lacking.

To date, no published data have addressed the clinical development and outcome predictors of M-HLH in Polish 
children. Furthermore, a comprehensive analysis of HLH treatment efficacy and response patterns has not been 
undertaken.

This multicenter retrospective study, inspired by data from the national HLH treatment coordinating center in 
Warsaw, was aimed to investigate the clinical course and survival outcomes of Polish children diagnosed with M-HLH.

Materials and Methods
The study utilized the data from Polish Registry of HLH, encompassing all pediatric hematology and oncology centers in 
Poland. Clinical records of 23 patients under 18 years old diagnosed with M-HLH between April 2008 and 
December 2024 were retrospectively analyzed. Variables examined included HLH diagnostic criteria, CNS involvement, 
coexisting viral infections, genetic test results, treatment modalities, therapeutic responses, relapse incidence, and final 
outcomes. Diagnostic and laboratory evaluations were performed locally, following HLH protocols.

Immunological tests (soluble interleukin 2-receptor concentration, sIL-2R) were conducted at the Department of 
Laboratory Diagnostics and Clinical Immunology of the Developmental Age of the Medical University of Warsaw. 
Molecular tests using the Next Generation Sequencing method followed by Sanger direct sequencing were carried out in 
the Laboratory of Immunopathology and Genetics, Department of Pediatrics, Oncology and Hematology in Łódź, Poland.

The diagnosis was made based on the fulfilled clinical and laboratory criteria according to the HLH-2004 protocol - 
unremitting fever (>7 days), splenomegaly, cytopenia ≥2 cell lines, hyperferritinemia >500μg/l, hypofibrinogenemia 
<1.5g/l or hypertriglyceridemia >3mmol/l, elevated sIL-2R >2400U/mL, hemophagocytosis in bone marrow or other 
tissues, reduced or absent NK cytotoxicity.2

Ethical approval was obtained from the Medical University of Warsaw. Informed consent was secured from parents 
and patients aged ≥16 years. The study complies with the Declaration of Helsinki.

Statistical Analysis
Categorical variables are presented as counts and percentages, whereas continuous variables are summarized using mean 
and standard deviation (SD) or median and interquartile range (IQR), depending on distribution.

The starting point of follow-up was defined as the date of HLH diagnosis. Follow-up time was calculated from the 
date of HLH diagnosis to death or last clinical contact. Median follow-up was estimated using the reverse Kaplan–Meier 
method.

Overall survival was estimated using the Kaplan–Meier method for the entire cohort and separately for subgroups 
defined by (1) type of malignancy triggering HLH (leukemia vs. lymphoma) and (2) treatment strategy (tumor-directed 
therapy alone vs. tumor-directed therapy combined with HLH-directed therapy).

https://doi.org/10.2147/JBM.S571561                                                                                                                                                                                                                                                                                                                                                                                                                                                                       Journal of Blood Medicine 2026:17 2

Wolowiec et al                                                                                                                                                                      

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Due to the small sample size and limited number of events, differences between survival curves were assessed using 
a permutation version of the two-sample Log rank test with 10,000 permutations. This approach was chosen because 
asymptotic assumptions of the standard Log rank test may not be reliable in small samples, whereas permutation testing 
provides valid inference without relying on large-sample approximations.

Because of the limited sample size (n = 23) and the risk of model overfitting, a full multivariable Cox proportional 
hazards model was not performed. Instead, separate univariable Cox proportional hazards models were used to explore 
the association between selected clinical factors and survival, and hazard ratios (HRs) with 95% confidence intervals 
(CIs) were reported. The only exception was an exploratory multivariable Cox proportional hazards model including four 
predefined variables, which was interpreted with caution given the limited sample size.

A significance level of 0.05 was applied. All analyses were performed using R statistical software (version 3.4.3; 
R Foundation for Statistical Computing, Vienna, Austria, www.r-project.org).

Results
Clinical Course
Participant selection flow is presented in Figure 1 and patients’ baseline characteristics is presented in Table 1.

Age at Onset
In the study group, there were 23 patients, including 13 boys and 10 girls. M-HLH was diagnosed in patients from the 
first days of life to over 17 years, with a median of 11.7 years. HLH diagnosis at birth was made in one infant with 
congenital myeloid leukemia.

Time to Diagnosis
The median time from symptom onset to diagnosis of HLH was 12 days. The diagnosis of HLH was made at the same 
time as the diagnosis of cancer or its recurrence in 15 patients. Eight patients were initially diagnosed with HLH and 

Figure 1 Participant selection flow.
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treated with the HLH-2004 protocol. However, broader diagnosis aimed at searching for the cause of HLH, led to 
diagnosis of malignancy. Among them there were 5 patients with lymphoma and 3 patients with acute leukemia, 
including 2 in the relapsed phase. HLH symptoms preceded cancer diagnosis by 2 days to 3 months, with an average 
of 43 days.

Cancer Types
In all patients from the study group, the development of M-HLH was caused by proliferative diseases of the hemato
poietic system - leukemias and lymphomas, and none of the patients had a solid tumor. Of the 12 patients with acute 
leukemia, 4 had newly diagnosed acute lymphoblastic leukemia (4/12, 33.3%), 4 had a relapse of acute lymphoblastic 
leukemia (4/12, 33.3%), and 4 had acute myeloid leukemia (4/12, 33.3%). Of the 11 patients with lymphoma, 4 were 

Table 1 Baseline Characteristics

Demographic and Clinical Characteristics

n (%) Median Interquartile Range

Sex, male 13 (56.5)

Age at diagnosis [yrs] 11.7 4.3–14.9

Time to diagnosis [yrs] 0.3 0.1–0.6

Cancer type, leukemia 12 (52.2)

Cancer type, lymphoma 11 (47.8)

Fever 22 (95.7)

Splenomegaly 17 (73.9)

Bicytopenia 22 (95.7)

CNS involvement* 3 (13.6)

Concomitant EBV** infection 4 (21.1)

Genetic mutation*** 2 (8.7)

Laboratory characteristics

Hyperferritinemia [ng/mL] 22 (96) 4354 1849–16321

Hypofibrinogenemia [g/l] 15 (65) 1.0 0.7–2.6

Hypertriglyceridemia [mg/dl] 13 (57) 319 232–400

sIL-2R [U/mL] 11 (48) 7500 4500-10000

Treatment and outcome characteristics

Treatment, tumor-directed therapy 6 (26.1)

Treatment, tumor-directed + HLH-directed therapy 17 (73.9)

HLH remission 16 (69.6)

Outcome, alive 13 (56.5)

Observation time [yrs] 7.1 4.9–11.3

Notes: Age at diagnosis, time to diagnosis, concentration of ferritin, fibrinogen, triglycerides and sIL-2R presented as 
median and interquartile range. * abnormal cerebrospinal fluid and/or brain imaging with or without neurological 
symptoms - convulsions, irritability, impaired consciousness, encephalopathy, meningeal irritation or symptoms of focal 
CNS damage ** Epstein-Barr Virus *** the presence of a genetic mutation characteristic of the primary form of HLH 
(tested in only 5 patients).
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diagnosed with anaplastic large cell lymphoma (ALCL) (4/11, 36.4%), 5 with other T-cell lymphoma (5/11,45.5%) – 2 
with peripheral T-cell lymphoma (PTCL), 2 with non-Hodgkin lymphoma, 1 with hepatosplenic lymphoma, 1 patient 
with B-cell lymphoblastic lymphoma (1/11, 9.1%), and 1 with Hodgkin lymphoma (1/11, 9.1%).

Central Nervous System Involvement
In 3 patients CNS involvement was diagnosed, including 1 with neurological symptoms (seizures, disorders of 
consciousness) and CNS imaging lesions, 1 with neurological symptoms only, and 1 with elevated cytosis in the 
cerebrospinal fluid. 2 out of 3 patients live without late neurological sequelae, 1 patient died during the course of the 
disease.

Concomitant Infections
A concomitant symptomatic viral infection was found in 7 (30%) patients from the study group. 4 patients had EBV 
infection (17.5%), Cytomegalovirus and Human Herpesvirus 6 was identified by PCR in 2 (9%) and 1 (4.5%) patients, 
respectively.

Molecular Analysis
Molecular tests were performed in 5 patients from the study group. Genetic mutations were found in 2 patients. In a 15- 
year-old boy diagnosed with PTCL a heterozygous mutation c.[659G>T]; [Arg220Leu] of the STX11 gene was found, 
and the lesion came from the mother. The boy initially developed symptoms of HLH, and in the course of extended 
diagnostics, lymphoma was diagnosed. The boy achieved HLH remission, but due to the presence of a pathogenic variant 
of the HLH gene, he successfully underwent hematopoietic cell transplantation. The second patient, a 17-year-old boy, 
presented initially non-specific symptoms that met the clinical criteria for HLH. HLH was caused by Hodgkin’s 
lymphoma. In this boy, a molecular test confirmed a mutation in the MAGT1 gene responsible for X-linked MAGT1 
deficiency with increased susceptibility to Epstein–Barr virus (EBV) infection and N-linked glycosylation defect (XMEN 
syndrome).

Treatment of HLH
In the analyzed group, 17/23 (73.9%) patients received antineoplastic chemotherapy and HLH-targeted therapy, while 6 
patients (26%) received only treatment with the antineoplastic regimen appropriate for the underlying disease. Treatment 
targeting HLH consisted of dexamethasone only in 2 patients, dexamethasone and intravenous immunoglobulins in 3 
patients, the complete HLH-2004 protocol in 5 patients, as well as the HLH-2004 protocol in combination with biologic 
therapy (anakinra, ruxolitinib, tocilizumab) in 7 patients. In terms of biologic therapy, 3 patients received anakinra, 3 
patients received tocilizumab, and 1 patient was treated with ruxolitinib.

The clinical course of M-HLH in patients from the study group is presented in Table 2.

Survival Analysis
The probability of surviving at least 24 months in the study group was 0.539 (95% CI 0.364–0.798) and is shown in 
Figure 2.

The probability of survival depending on the underlying disease of M-HLH and treatment regimen is shown in Figure 3.

Table 2 Clinical Course of M-HLH in the Study Group

Treatment HLH Remission 
n (%)

HLH Relapse Outcome, Alive

Tumor-targeted therapy ± HLH-targeted therapy (n=23) 16/23 (69.6) 2/23 (8.7) 13/23 (56.5)

Tumor-targeted therapy (n=6) 5/6 (83.3) 0/5 (0.0) 3/6 (50.0)

Tumor-targeted therapy + HLH-targeted therapy (n=17) 11/17 (64.7) 2/11 (18.2) 10/17 (58.8)
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Simple Cox models were made for single survival factors – sex, age at diagnosis, time to diagnosis, underlying 
malignancy, treatment regimen, CNS involvement, EBV infection. Due to the small amount of data, a combined model 
was not made for all factors. For the analyzed factors, no relationships affecting the survival time of patients were found. 
Only achieving remission was statistically significant (p-value = 0.0007). Achieving remission reduces the risk of death 

Figure 2 Probability of survival in the study group. Kaplan-Meier estimation of overall survival of patients with M-HLH (solid line), 95% CI (dashed lines).

Figure 3 Probability of survival depending on underlying disease of M-HLH (A) and treatment regimen (B). (A) Probability of survival at least 24 months of patients with 
leukemia is 0.50 (95% CI 0.284–0.880), at least 24 months of patients with lymphoma is 0.60 (95% CI 0.353–1), p-value=0.7076 for two sample long rank test (no significant 
differences between the survival curves for both groups). (B) Probability of survival at least 24 months of patients treated only with tumor-directed therapy was 0.50 (95% CI 
0.225–1), at least 24 months with tumor directed-therapy + HLH directed therapy was 0.56 (95% CI 0.364–0.871), p-value 0.991 for two sample long rank test (no significant 
differences between the survival curves for both groups).
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by 90% (HR=0.10). The model showed acceptable predictive capabilities (Concordance coefficient = 0.755). Due to the 
lack of numerical convergence, the multivariate model was created only for 4 variables and it is presented in Figure 4.

Discussion
Although M-HLH is the most common form of HLH in adults, it is a rare condition in children and accounts for 8% of all 
HLH cases.14 M-HLH can be the first manifestation of cancer, its recurrence, or it can occur at any time during cancer 
treatment.20,23 In a population-based study conducted in Sweden between 1997 and 2018, M-HLH was diagnosed in 9 
children.11 In the study of Chinese team, M-HLH was diagnosed in 27 patients over 10 years.24 Our study included 23 
cases of M-HLH for the last 16 years, but due to the fact that this is not a population-based study, these data may be 
underestimated, which is a limitation of work.

M-HLH is diagnosed in children of all age groups. The median age of diagnosis in the study group was 11.7 years, 
which is consistent with other studies.14,24–26 The risk of developing M-HLH increases with age, due to the higher 
likelihood of an underlying malignant disease and therefore, in any patient with HLH, cancer should be considered as 
a potential trigger for HLH.23 All of our patients were diagnosed as malignancy-induced HLH, there were no patients 
with chemotherapy-induced HLH, but the retrospective nature of the work based on data provided from the centers 
treating patients poses a risk of inconsistent nomenclature and is an undoubted limitation of the work.

It is often difficult to distinguish the symptoms of HLH from the symptoms of cancer, as both conditions can be 
accompanied by fever, cytopenia, enlargement of the liver and spleen or neurological symptoms. Due to the severe 
clinical course of the disease, waiting for the diagnostic criteria to be met may delay the implementation of appropriate 
treatment.13,27,28 This problem affects not only pediatric patients, but also adults.29 Moreover, the accuracy of the HLH- 
2004 criteria for the diagnosis of M-HLH is debatable.27,28,30 In adult patients, Zoref-Lorenz et al proposed an optimized 
HLH inflammatory index for the identification of patients with M-HLH, based on the concentration of soluble IL-2 
receptor > 3900U/mL and ferritin concentration > 1000ng/mL This combination of laboratory results is also a significant 
risk factor for mortality in hematological malignancies.30

In children, M-HLH is most common in the course of T-cell tumors, especially lymphomas. Other proliferative 
diseases of the hematopoietic system are also described as causes of M-HLH, including acute leukemias and Hodgkin’s 
lymphoma. Solid tumors are rarely the cause of M-HLH, both in adults and children.14 It is worth noting that M-HLH 
can also occur after treatment of solid tumors with checkpoint inhibitors.13 In the study group there were 11 patients with 
M-HLH induced by lymphomas, including 9 in the course of T-cell lymphomas. Contrary to the literature, more patients 

Figure 4 Factors influencing survival - multidimensional model.
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from the study group had M-HLH in the course of acute leukemia, both lymphoblastic and myeloid leukemia. Cases of 
M-HLH in the course of treatment of acute leukemias have been described in the literature.31,32 Moreover, acute myeloid 
leukemia secondary to the treatment of HLH with a high total dose of etoposide was also reported.33

CNS involvement is seen as an unfavorable prognostic factor in HLH.34–36 In the study group, CNS involvement in 
the form of neurological disorders, abnormalities in brain imaging and cerebrospinal fluid pleocytosis was found only in 
3 patients. In the literature, CNS involvement, as well as low platelet count, as a prognostic factor is assessed in the 
context of all forms of HLH, not only M-HLH.34

EBV infection is an important trigger for HLH, both primary and secondary, including M-HLH.23 Moreover, a high 
percentage of patients diagnosed with M-HLH are complicated by EBV infection.14 In the study group, EBV infection 
was found in 4 patients, 2 patients had CMV infection and 1 HHV-6 infection. In the work of researchers from China, 
EBV infection was described in almost half of the patients studied. According to the M-HLH management guidelines 
published by Lehmberg et al, infectious agents require rigorous treatment, and patients undergoing immunosuppressive 
therapy for M-HLH require ongoing infectious screening and antifungal and anti-pneumocystosis prophylaxis.23

Patients with M-HLH may have mutations in genes responsible for the development of primary forms of HLH.14,37,38 

Mutations in HLH genes may also increase the risk of developing hematological cancers.14 In the study group, only 5 
patients had molecular tests performed. Mutations were detected in 2 of them. A patient with lymphoma and 
a heterozygous mutation in the STX11 gene, despite a good response to M-HLH treatment, successfully underwent 
hematopoietic cell transplantation. A patient with a mutation in the MAGT1 gene remains under further close hemato
logical control after completion of M-HLH therapy. According to the literature, patients with mutations predisposing to 
EBV susceptibility, such as MAGT1, as well as patients with X-linked lymphoproliferative disease (XLP1) should 
undergo careful screening for lymphoma if they present with HLH.23

Treatment of M-HLH is challenging because it has to balance HLH-directed and tumor-specific therapy.28 On the one 
hand, it should control hyperinflammation, and on the other hand, anti-cancer therapy should be implemented as soon as 
possible so as to eliminate the triggering factor of HLH.13 In some patients, the treatment of the cancer that stimulates the 
development of HLH is sufficient to control the disease. The decision on the optimal treatment method is made on a case- 
by-case basis.14,23 Moreover, it is important to differentiate between M-HLH, cytokine release syndrome and immune- 
effector cell-associated HLH-like syndrome to choose the optimal treatment.28 In the therapy of HLH at malignancy 
presentation, the administration of corticosteroids/anakinra ± etoposide, supported by etoposide, IVIG, ruxolitinib or 
emapalumab if available, as well as tumor-specific treatment is suggested, while in HLH during cancer treatment, 
corticosteroids or anakinra, alternatively intravenous immunoglobulins, are proposed.28 In the study group, 6 patients 
received only tumor-specific treatment to cure the disease that provokes the development of HLH and 17 patients 
received tumor-specific and HLH-specific treatment, including corticosteroids, IVIG and biologic therapy with anakinra, 
tocilizumab and ruxolitinib. Less toxic treatment strategies aimed at silencing the stimulated immune system and 
cytokine storm play an extremely important role in HLH therapy.13,39–41 The probability of survival in the study 
group was 54% and was comparable to the data from the literature.23–26 In the study group, apart from achieving 
remission, no statistically significant factors affecting survival were identified. Despite a significant limitation of the 
study, which is the small size of the examined group resulting from the rare occurrence of the disease in the pediatric 
population, the study results strongly indicate that rapid implementation of appropriate treatment and bringing the patient 
into HLH remission is extremely important for survival.

Conclusions
M-HLH in children, due to its severe clinical course and non-specific symptoms, is difficult to diagnose and treat. The 
small number of patients and the need for an individual approach to each patient is a limitation in conducting extensive 
prospective studies. Nevertheless, awareness of the occurrence of M-HLH in children and adults and taking it into 
account in the differential diagnosis of a severely ill patients is extremely important. Further research on this rare entity, 
including searching for factors that may influence the course of the disease and treatment outcomes may increase 
patients’ chances of survival.
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