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Primary Hemophagocytic Lymphohistiocytosis: A Severe Immune
Dysregulatory Disease with Various Genotypic Features and
Outcomes: A Cross-Sectional Study from a Tertiary Pediatric Center

Primer Hemofagositik Lenfohistiyositoz: Gesitli Genotip Ozellikleri ve Izlem Sonuglari Olan
Ciddi Bir Immun Disregilasyon Bozuklugu: Uclincii Basamak Bir Pediatri Merkezinden
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Objective: Inborn errors of immunity (IEls) are caused by deficiencies or
functional abnormalities in the immune system, leading to increased
susceptibility to infections, autoimmunity, autoinflammatory
diseases, allergies, and/or malignancies. Primary hemophagocytic
lymphobhistiocytosis (HLH) arises from genetic mutations affecting
the function of cytotoxic T lymphocytes and natural killer cells, while
secondary HLH is triggered by infections, malignancies, rheumatologic
disorders, or immune deficiencies. Treatment consists of remission
induction, control of triggers, maintenance of remission, rescue
treatment, and hematopoietic stem cell transplantation (HSCT) as
curative steps. The aim of this study is to evaluate the clinical and
laboratory features, as well as the outcomes, of primary HLH patients
who were diagnosed and treated in a multidisciplinary manner over
the past 25 years.

Materials and Methods: The study included 30 patients with primary
HLH/IEl who were diagnosed and treated in the departments of
pediatric hematology, immunology, and oncology of the Ankara
University Faculty of Medicine Children’s Hospital and Bone Marrow
Transplantation Unit from 2000 to 2025.

Results: Of the 30 patients, 18 were boys and 12 were girls. The
median age at the onset of the first symptom was 10 months (range:
0.5-204 months), while the median age at the time of admission to
our center was 12.5 months (range: 1-204 months). Pedigree analysis
showed that 21 patients were born to consanguineous parents. All

Amag:  immiin sistemin dogustan hatalari (iISDH), bagisiklik
sistemindeki eksiklikler veya fonksiyonel anormalliklerden kaynaklanir
ve enfeksiyonlara, otoimmiiniteye, otoenflamatuvar hastaliklara,
alerjilere ve/veya malignitelere karsi artan duyarliliga yol agar. Primer
hemofagositik lenfohistiositoz (HLH) sitotoksik T lenfositlerin ve
dogal oldiricu hicrelerin islevini etkileyen genetik mutasyonlardan
kaynaklanirken, sekonder HLH enfeksiyonlar, maligniteler, romatolojik
bozukluklar veya immiin yetersizlikler tarafindan tetiklenir. Tedavi;
remisyon indiiksiyonu, tetikleyicilerin  kontrolli, remisyonun
stirdtrtlmesi, kurtarma tedavisi ve kiratif olarak HKHT'den olusur. Bu
calismanin amaci, son 25 yilda multidisipliner olarak tani konulan ve
tedavi edilen primer HLH hastalarinin klinik ve laboratuvar ozellikleri
ile izlem sonuglarini paylasmaktir.

Gereg ve Yontemler: Ankara Universitesi Tip Fakiiltesi Cocuk Hastanesi
Cocuk Hematoloji, immiinoloji ve Onkoloji Boliimleri ile Kemik iligi
Transplantasyon Unitesi'nde 2000-2025 yillari arasinda tani konulan
ve tedavi edilen primer HLH/ISDH tanili 30 HLH olgusu ¢alismaya dahil
edildi.

Bulgular: Otuz hastanin 18'i erkek, 12'si kizdi. ilk semptomun
baslangicindaki ortalama yas 10 ay (dagilim: 0,5-204 ay), merkezimize
basvuru sirasindaki ortalama yas ise 12,5 ay (dagihm: 1-204 ay) idi. Yirmi
bir hastanin ebeveynleri akrabaydi. Tim hastalarda bes giinden uzun
stiren ates vardi ve ortalama ates stiresi 13,30+14,05 giindii (dagilim:
5-60 giin). Splenomegali 29 hastada (%96,6) ve hepatomegali 25 hastada
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patients had a fever lasting longer than 5 days, with a mean duration of
13.30£14.05 days (range: 5-60 days). Splenomegaly was detected in 29
patients (96.6%) and hepatomegaly in 25 (83%). Anemia was observed
in 27 patients (90%), neutropenia in 23 (76.6%), and thrombocytopenia
in 30 (100%). Genetic evaluation was performed for all patients and a
causative gene was identified in 19 of 30 cases (63%). The most common
genetic diagnosis was perforin deficiency (FHLH2), detected in 8 patients
(26.6%), followed by UNC13D defect (FHLH3) in 4 patients (13,3%). HSCT
was performed for 17 patients (56.6%), with 6 receiving transplants
from matched related donors, 4 from matched sibling donors, 5 from
matched unrelated donors, and 2 from mismatched related donors.
Thirteen patients remain alive, with mean survival of 119.89 months.
Seventeen patients (56.6%) died, primarily due to multiorgan dysfunction
syndrome, acute respiratory distress syndrome, HLH reactivation, septic
shock, or heart failure. HSCT patients had a significantly longer survival
(mean: 165.6 months) compared to patients who did not undergo HSCT
(45.36 months; p<0.01). Admission to the pediatric intensive care unit,
organ failure, and neurological involvement were identified as adverse
prognostic factors, all significantly associated with higher mortality
(p<0.05).

Conclusion: Given the increasing recognition of HLH as a possible
manifestation of IEIs, comprehensive immunological and genetic
evaluations should be pursued without delay in suspected cases. Our
findings, in line with the results of national and international cohorts,
confirm that HSCT remains the only curative option for familial HLH
and should be performed as early as possible after achieving disease
remission. Improving access to early diagnostics and HSCT could
significantly enhance outcomes, particularly in genetically predisposed
populations.

Keywords: Primaryimmunodeficiency, Hemophagocytic lymphohistiocytosis,
Hematopoietic stem cell transplantation

(%83) saptandi. Anemi 27 hastada (%90), notropeni 23 hastada (%76,6)
ve trombositopeni 30 hastada (%100) gozlendi. Tim hastalarda genetik
degerlendirme yapildi ve 30 olgunun 19’'unda (%63) genetik mutasyon
tanimlandi. En yaygin genetik tani 8 hastada (%26,6) saptanan perforin
eksikligi (FHLH2) olup, bunu 4 hastada (%13,3) UNC13D gen defekti
(FHLH3) izlemistir. HKHN 17 hastaya (%56,6) uygulanmis, 6 hastaya
tam uygun akraba donordeb, 4 hastaya tam uygun kardes dondrden, 5
hastaya tam uygun akraba disi donorden ve 2 hastaya da haploidentik
akraba donorden nakil yapilmistir. On (¢ hasta halen hayatta olup
ortalama sagkalim siiresi 119,89 aydir. On yedi hasta (%56,6) olmiistiir;
6lim nedenleri arasinda coklu organ disfonksiyon sendromu, akut
solunum yetmezligi sendromu, HLH reaktivasyonu, septik sok ve kalp
yetmezligi yer almaktadir. HKHT hastalari, HKHT olmayan hastalara
kiyasla (45,36 ay, p<0,01) onemli olclide daha uzun bir sagkalim
suresine (ortalama 165,6 ay) sahipti. Cocuk yogun bakim tinitesine yatis,
organ yetmezligi ve norolojik tutulum kot prognostik faktorler olarak
tanimlanmis ve bunlarin timi daha ytksek mortalite ile anlamli sekilde
iliskilendirilmistir (p<0,05).

Sonug: HLH'nin iSDH’lerin olasi bir belirtisi olarak giderek daha
fazla tanindig1 goz oniine alindiginda, stipheli olgularda gecikmeden
kapsamli imminolojik ve genetik degerlendirmeler yapilmalidir.
Bulgularimiz, ulusal ve uluslararasi kohortlarla uyumlu olarak,
HKHT nin ailesel HLH icin tek kiratif secenek olmaya devam ettigini
ve hastalik remisyonuna ulasildiktan sonra mimkiin oldugunca erken
yapilmasi gerektigini dogrulamaktadir. Erken tani ve HKHTye erisimin
iyilestirilmesi, ozellikle genetik olarak yatkin poptilasyonlarda sonuglari
onemli olctide artirabilir.

Anahtar Sozciikler: Primerimmiin yetmezlik, Hemofagositik lenfohistiyositoz,
Hematopoetik kok hiicre nakli

Introduction

Inborn errors of immunity (IEIs) are caused by deficiencies
or functional abnormalities in the immune system, leading
to increased susceptibility to infections, autoimmunity,
autoinflammatory diseases, allergies, and/or malignancies.
The 2024 IEI classification categorizes these disorders into 10
subgroups, with immunodysregulation disorders defined by
abnormalities in the immune system’s regulatory mechanisms.
These disorders encompass a spectrum of conditions associated
with  autoimmunity, hyperinflammation, and immune
dysfunction. Unlike other immune-related diseases, these
disorders are not primarily defined by an increased susceptibility
to infections [1].

Hemophagocytic lymphohistiocytosis (HLH) is a clinical
syndrome in which various underlying conditions trigger a
similar inflammatory response profile that is ultimately fatal
if not treated. Due to granule-mediated cytotoxicity defects
in CD8* T-cells and natural killer (NK) cells, infected cells are
not effectively eliminated and antigen presentation is not
suppressed. Consequently, uncontrolled proliferation of T-cells

and macrophages occurs, leading to excessive cytokine secretion.
This process results in macrophage and histiocyte infiltration
into tissues, ultimately causing tissue damage and organ failure.
Primary HLH arises from genetic mutations affecting the function
of cytotoxic T lymphocytes and NK cells, while secondary HLH is
triggered by infections, malignancies, rheumatologic disorders,
or immune deficiencies [2].

Fever, maculopapular and/or petechial rash, hepatosplenomegaly,
weight loss, and irritability are the most commonly encountered
symptoms. Primary HLH typically presents in infancy due to genetic
defects in NK cell cytotoxicity, often also affecting a family member,
with recurrent episodes observed after treatment. Secondary HLH
generally occurs in adolescence or adulthood, usually triggered
by underlying conditions such as infections, malignancies,
medications, or hematopoietic stem cell transplantation (HSCT).
Secondary HLH can be seen with metabolic disorders, storage
diseases, rheumatologic diseases such as juvenile idiopathic
arthritis, systemic lupus erythematosus, and immune-activating
therapies such as CAR-T cells or immune checkpoint inhibitors
[3]. A diagnosis is established if 5 out of 8 clinical and laboratory
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criteria are met, as outlined in Table 1, as recognized by the
Histiocyte Society [4,5].

Primary HLH can be divided into two subgroups: familial HLH
(FHLH) and HLH associated with IEI. FHLH occurs in 1 in 50,000-
100,000 individuals and is inherited in an autosomal recessive
manner, with 70% of patients diagnosed under the age of 1. It
includes five subtypes, with mutations in four of them affecting
cytotoxic granule function and exocytosis. Genetic defects
causing FHLH include perforin deficiency (FHLH2), UNC13D
deficiency (FHLH3), munc13-4 deficiency, syntaxin 11 deficiency
(FHLH4), STXBP2 (FHLH5) deficiency, FAAP 24 deficiency, and
SLC7A7 deficiency [6].

Common features of IEI that lead to primary HLH include
hypopigmentation, seen in conditions such as Chediak-Higashi
syndrome, Griscelli syndrome type 2, and Hermansky-Pudlak
syndrome types 2 and 10. Other IEls associated with HLH include
severe combined immunodeficiency, chronic granulomatous
disease, STAT1 and STAT3 gain-of-function mutations, DOCK8
deficiency, autoimmune lymphoproliferative  syndrome,
and conditions like Wiskott-Aldrich syndrome and ataxia-
telangiectasia syndrome [7]. In addition to these defects, there
are other primary immunodeficiencies that can cause HLH,
including STAT2 deficiency, TIM3 deficiency, PIK3CG deficiency,
and NCKAP1L deficiency [1].

Treatment consists of remission induction, control of triggers,
maintenance of remission, rescue treatment, and HSCT as
curative steps. The HLH-1994 and HLH-2004 protocols, including
etoposide, corticosteroids, cyclosporine, and intrathecal
methotrexate combinations, are used for the first step of
treatment. In some cases, intravenous immunoglobulin (IVIG)
and steroid treatment may be used. Some sources recommend
antithymocyte globulin (ATG) and cyclosporine A (CSA) for

maintenance treatment. HSCT should be performed as soon
as possible after achieving the first remission to prevent
recurrences. For successful HSCT, active disease might be a risk
factor, but it is not necessary to have the remission of all clinical
symptoms. Ideally, HSCT should be performed prior to HLH
activation. In particular, active neurological disease requires
aggressive treatment including immediate HSCT [7,8,9].

The aim of this study is to evaluate the clinical and laboratory
features, as well as the outcomes, of primary HLH patients who
were diagnosed and treated in a multidisciplinary manner over
the past 25 years.

Materials and Methods
Patients

This study included 30 patients with primary HLH/IEI who
were diagnosed and treated in the departments of pediatric
hematology, immunology, and oncology of the Ankara University
Faculty of Medicine Children’s Hospital and Bone Marrow
Transplantation Unit from 2000 to 2025.

Hemophagocytic Lymphohistiocytosis Diagnosis

The diagnosis of HLH was established based on the HLH-1994
and HLH-2004 diagnostic criteria [5]. The diagnosis of primary
HLH required the presence of family members with similar
clinical features, a history of consanguineous marriage, and/
or the identification of a genetic mutation associated with
familial or primary HLH through genetic diagnostic methods.
Patient data were retrospectively collected from medical records
and the hospital information system, including demographic
characteristics, clinical symptoms and findings, laboratory
results, genetic diagnosis, treatment details, response to
treatment, HSCT characteristics, pediatric intensive care unit
(PICU) admission data, prognosis, and follow-up duration.

Table 1. Diagnostic criteria of hemophagocytic lymphohistiocytosis [5].

The diagnosis of HLH can be established if one of either (1) or (2) is positive:

(1) A molecular diagnosis consistent with HLH

(2) Diagnostic criteria for HLH fulfilled (5 out of the following 8 criteria):

(A) Initial diagnostic criteria (to be evaluated in all patients with HLH)
Fever

Splenomegaly

Platelets <100x10°/L
Neutrophils <1.0x10%/L

Hemophagocytosis in bone marrow or spleen or lymph nodes
No evidence of malignancy

Cytopenia (affecting 2 of 3 lineages in the peripheral blood): hemoglobin of <90 g/L (in infants of <4 weeks of age: hemoglobin <100 g/L)

Hypertriglyceridemia and/or hypofibrinogenemia: Fasting triglycerides 3.0 mmol/L (i.e., 265 mg/dL), fibrinogen 1.5 g/L

(B) New diagnostic criteria

Ferritin >500 ug/L
Soluble CD25 (i.e., soluble IL-2 receptor) 2400 U/mL

Low or absent NK-cell activity (according to local laboratory reference)

HLH: Hemophagocytic lymphohistiocytosis; NK: natural killer; IL: interleukin.
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Central nervous system involvement in patients was assessed
based on the presence of at least one of the following clinical or
laboratory findings: abnormal neurological examination, central
nervous system abnormalities on computed tomography or
magnetic resonance imaging associated with HLH, cerebrospinal
fluid (CSF) findings suggestive of HLH (protein level of >30 mg/
dL or an elevated white blood cell count of >50x10°/L, with >5
white blood cells/uL), or evidence of hemophagocytosis in the
CSF[10].

Immunological  evaluations were conducted in the
pediatric immunology laboratory, including assessments of
immunoglobulin (Ig) levels (I1gG, IgA, IgM, and total IgE), 1gG
antibody responses to the hepatitis B and rubella vaccines,
isohemagglutinin titers, peripheral blood lymphocyte subsets,
recent thymic emigrants (RTEs), lymphocyte activation
responses, and burst tests. Ig levels were evaluated based on
reference values for healthy Turkish children [11]. Peripheral
blood lymphocyte subsets were assessed using the age-specific
reference values of our laboratory [12]. For RTE values, age-
related reference intervals established for healthy Turkish
children were also applied [13].

Treatment responses were classified as complete response,
partial response (PR), or unresponsiveness to treatment.
Complete remission was defined as the normalization of all HLH-
2004 clinical and laboratory diagnostic criteria 8 weeks after any
treatment. Partial remission was defined as an improvement in at
least two diagnostic criteria without the emergence of additional
findings. Treatment unresponsiveness was characterized by an
improvement in fewer than two diagnostic criteria and the
development of new findings. Reactivation was defined as
disease progression in patients who had previously achieved a
complete or PR to treatment.

Hematopoietic Stem Cell Transplantation

Neutrophil engraftment was defined as the first of three
consecutive days with an absolute neutrophil count greater than
500/mm?,

Platelet engraftment was defined as a platelet count of >20x10%/L,
sustained for 7 days without the need for platelet transfusion.
Full chimerism was defined as the presence of >95% donor-
derived cells in the recipient’s hematopoietic tissues at any time
after HSCT, while mixed chimerism was defined as the presence
of donor-derived cells between 5% and 95% [14].

According to the human leukocyte antigen identification
definitions of the International BFM Working Group, donors
were classified into four groups: matched sibling donors
(MSDs), matched related donors (MRDs), matched unrelated
donor (MURDs), and mismatched related donors (MMRDs)
[15].

The dosesand application days of the conditioning regimens were
organized according to the guidelines of the European Society
for Blood and Marrow Transplantation. The regimens used were
as follows: busulfan/cyclophosphamide/etoposide, treosulfan/
fludarabine, and busulfan/fludarabine. CSA, methotrexate, and
mycophenolate mofetil were used for graft-versus-host disease
(GvHD) prophylaxis. ATG was used as a serotherapy agent for 8
HSCTs.

Ethical Approval

The study was approved by the ethics board of the Ankara
University Faculty of Medicine on July 21, 2023, with decision
number 2023/388.

Statistical Analysis

Descriptive statistics for continuous data were presented using
mean, standard deviation, median, minimum, and maximum
values. For discrete data, numbers and percentages were used.
The Shapiro-Wilk test was applied to assess the normality of
continuous data. Chi-square or Fisher exact tests were used for
group comparisons of nominal variables (cross-tabulations). IBM
SPSS Statistics 20 (IBM Corp., Armonk, NY, USA) was used for data
analysis with the significance threshold set at p<0.05. For survival
analysis (event-free survival and overall survival), Kaplan-Meier
survival analysis was employed, and the log-rank test was used
to compare survival differences between independent groups.

Results
Demographic Features

Of the 30 patients, 18 were boys and 12 were girls. The median
age at the onset of the first symptom was 10 months (range:
0.5-204 months, 27.69+46.47 months), while the median age at
the time of admission to our center was 12.5 months (range:
1-204 months, 33.28+48.88 months). Twelve patients (40%) were
admitted before the age of 1 and 18 patients (60%) before the
age of 2. Pedigree analysis showed that 22 patients were born
to consanguineous parents. Family history revealed that 12
patients had relatives who had experienced recurrent fever and
abdominal distension or family members who had died of sepsis
with clinical features highly resembling HLH. The median follow-
up duration was 37 months (range: 0-247 months, 61.93+£72.00
months). Of the 11 patients without a genetic diagnosis, 5 had
both a family history and consanguinity, while 3 had only
consanguinity. The other 3 patients had neither consanguinity
nor a family history; however, as no etiology explaining
secondary HLH was identified in these patients, they were also
considered to have primary HLH.

Clinical Features

All patients had a fever lasting longer than 5 days, with a
mean duration of 13.30£14.05 days (median [min-max]: 10
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[5-60] days, interquartile range: 5-13 days). Splenomegaly was
detected in 29 patients (96.6%) and hepatomegaly in 25 (83%).
On physical examination, the mean and median palpable
spleen sizes were 5.97+2.29 cm and 6.5 cm (range: 2.0-10.0
cm), respectively, while the mean and median liver sizes were
5.5742.14 cm and 5 cm (range: 3.0-9.5 cm). Lymphadenopathy
was observed in 6 patients (20%), rash was observed in 5 (16.6%),
and neurological involvement was observed in 5 (16.6%). In 1
patient, lumbar puncture revealed a significantly elevated CSF
protein level, and cytological analysis of the CSF sample showed
atypical lymphobhistiocytic infiltration. The other 3 patients with
neurological involvement had normal CSF biochemistry and
cytology; however, magnetic resonance imaging revealed lesions
associated with HLH involvement.

Laboratory Findings

Anemia was observed in 27 patients (90%), neutropenia in 23
(76.6%), and thrombocytopenia in 30 (100%). Bicytopenia was
presentin 10 patients (33.3%), while pancytopenia was detected in
21(70%). Ferritin was elevated in all patients and triglyceride levels
were elevated in 28 (93%). Hypofibrinogenemia was identified in
20 patients (66.6%). Alanine transaminase elevation was observed
in 15 (50%) and aspartate transaminase was elevated in 27 (90%)
patients. Seven patients (23%) had increased total bilirubin
and 6 (20%) had increased indirect bilirubin. Elevated lactate
dehydrogenase levels were observed concurrently in 26 (86.6%)
patients. Other laboratory findings included elevated increased
C-reactive protein levels in 19 patients (63%). Coagulation profile
analysis revealed prolonged prothrombin time in 9 patients,
elevated international normalized ratio in 11, prolonged
activated partial thromboplastin time in 10, and elevated
D-dimer levels in 15. Additionally, biochemical abnormalities
included hyponatremia in 14 patients and hypoalbuminemia
in 16. Hemophagocytosis was detected in the bone marrow of
25 patients. One patient with XIAP deficiency had an Epstein-
Barr virus (EBV) viral load of 6556 copies/mL at admission, while
another patient with CD3 zeta chain (CD247) deficiency presented
with a cytomegalovirus (CMV) viral load of 3000 copies/mL. In a
17-year-old female patient for whom whole-exome sequencing
did not reveal any disease-causing mutation, the EBV viral load
was measured at 9,263,000 copies/mL.

Immunological evaluation, including serum Ig levels and
peripheral blood lymphocyte subset analysis, was performed
for 20 patients (66%). Among the assessed patients, low IgG
levels were detected in 5 patients, low IgA in 4, and low IgM
in 2. Lymphocyte subgroup analysis revealed low CD3* T cells
in 2 patients, low CD4* T cells in 6, low CD8" T cells in 2, low
(CD16"56" NK cells in 3, low CD19/20* B cells in 9, and low RTEs
in 2. Lymphocyte activation responses to phytohemagglutinin
(PHA) were evaluated for 7 patients, all of whom had results
within the normal range.

30

NK cell activity and soluble CD25 (soluble IL2 receptor) levels
could not be measured for any patients.

Genetics

Genetic evaluation was performed for all patients and a causative
gene was identified in 19 of 30 cases (63%). The most common
genetic diagnosis was perforin deficiency (FHLH2), detected in
8 patients (26.6%), followed by UNC13D gene defect (FHLH3)
in 4 patients (13.3%). Other identified mutations included
STXBP2 (FHLH5) in 1 patient (3.3%), LYST gene defect associated
with Chediak-Higashi syndrome in 1 patient (3.3%), (D3 zeta
chain defect in 1 patient (3.3%), and XIAP deficiency leading
to X-linked lymphoproliferative syndrome type 2 (XLP-2) in 1
patient (3.3%). Additionally, one patient (3.3%) developed CMV
viremia at 1 month of age and was admitted to the PICU with
symptoms of HLH. This patient was subsequently diagnosed with
immunodeficiency, centromeric instability, and facial anomalies
syndrome type 2. Another patient met the HLH criteria and
was diagnosed with a STAT1 gain-of-function mutation while
being followed for mucocutaneous candidiasis. In 1 patient,
a homozygous LPIN2 mutation was detected, leading to a
diagnosis of Majeed syndrome.

Eleven patients had no identifiable genetic mutations linked to
primary HLH. However, due to their early-onset presentation
and/or family history, and/or consanguinity, and/or in the
absence of secondary HLH triggers, they were classified as
primary HLH cases.

Treatment

Twenty-one patients received the HLH-2004 protocol, 3 received
the HLH-1994 protocol, and 6 received high-dose pulse steroids
combined with IVIG. The general condition of the patients
receiving IVIG/steroid therapy instead of standard protocols was
not sufficient to handle the toxicity of the agents included in the
protocol and multiple organ dysfunctions were present. Outside
of the HLH-1994 and HLH-2004 protocols, therapeutic plasma
exchange was performed as bridging therapy prior to HSCT for
2 of the 6 patients receiving IVIG/steroid therapy. One patient
received tocilizumab therapy.

Among the 3 patients treated with the HLH-1994 protocol,
one with a STAT1 gain-of-function mutation received plasma
exchange, while another with XIAP deficiency and EBV positivity
received rituximab. Of all patients, 15 achieved complete
remission and 3 had partial remission. HLH reactivation occurred
in 8 patients, 4 of whom were non-responders. Examining the
treatment responses of 11 patients without a genetic diagnosis
at the end of the second month, 4 were in complete remission,
1 was in partial remission, and 6 were experiencing HLH
reactivation.
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HSCT was performed for 17 patients (56.6%), with 6 (35%)
receiving transplants from MRDs, 4 (23.5%) from MSDs, 5 (29.4%)
from MURDs, and 2 (11.7%) from MMRDs. Stem cell sources
included bone marrow for 11 (64.7%) patients and peripheral
blood for 6 (35.3%) patients. HSCT was performed for 13 of the
19 patients with an identifiable genetic diagnosis.

Conditioning regimens varied. Nine patients (52.9%) received
busulfan/cyclophosphamide/etoposide, 5 (29.4%) received
treosulfan/fludarabine, and 3 (17.6%) received busulfan/
fludarabine. CSA was used for GvHD prophylaxis in 3 (17.6%)
patients, and 12 (70.5%) received CSA combined with
methotrexate and mycophenolate mofetil. ATG was the most
common serotherapy (8 patients, 47%). Neutrophil engraftment
was achieved in 12 patients at a median time of 15.5 days (range:
11-23 days), while platelet engraftment occurred at a median of
26 days (range: 15-57 days) in the same group. One patient with
perforin deficiency experienced graft failure on the 28" day after
transplantation. Two patients died before engraftment could be
achieved. Of the transplanted patients, 11 (64.7%) were followed
with full donor chimerism and 3 (17.6%) with mixed chimerism.

Among the HSCT-related complications, mucositis occurred in 7
(41.1%), hypertension in 3 (17.6%), and acute kidney injury in
4 (23.5%) patients. Additionally, 3 (17.6%) patients developed
capillary leak syndrome, 6 (35.2%) patients experienced infections
with various pathogens (including CMV and Pneumocystis
Jirovecii), 3 (17.6%) patients developed sinusoidal obstruction
syndrome, and 5 (29.4%) patients experienced acute GvHD.

Among the patients who developed acute GvHD, the most
frequently affected sites were the skin and gastrointestinal
tract. All patients initially received methylprednisolone as
first-line therapy. Of the two patients who were unresponsive
to methylprednisolone, 1 patient received budesonide,
mesenchymal stem cell infusion, and anti-interleukin-6
(tocilizumab) for gastrointestinal GvHD and subsequently
developed liver involvement. The other patient also required
mesenchymal stem cell therapy due to steroid-refractory GvHD.

Thirteen patients remain alive, with mean survival of 119.89
months. Seventeen patients (56.6%) died, primarily due to
multiorgan dysfunction syndrome, acute respiratory distress
syndrome, HLH reactivation, septic shock, or heart failure. HSCT
patients had significantly longer survival (mean: 165.6 months)
compared to patients who did not undergo HSCT (45.36 months;
p<0.01). PICU admission, organ failure, and neurological
involvement were identified as adverse prognostic factors,
all significantly associated with higher mortality (p<0.05). No
significant differences in survival were noted based on GvHD
development, genetic diagnosis, donor type, or conditioning
regimen (p>0.05). Poor prognostic factors included PICU
admission, the need for mechanical ventilation, multiorgan

failure, and neurological involvement, with significantly higher
mortality rates among these patients. The demographic, clinical,
laboratory, and therapeutic characteristics of the patients are
summarized in Table 2. The characteristics of the patients who
underwent HSCT are provided in Table 3 and Supplementary
Table 1. Overall and event-free survival characteristics are shown
in Figure 1.

Discussion

PrimaryHLHisalife-threateningimmunedysregulationsyndrome
that predominantly affects infants and young children. HLH is
increasingly being recognized as a manifestation of underlying
IEls. Research indicates that HLH may not only be a familial
hemophagocytic syndrome; it can also serve as a sentinel event
for broader immune dysregulation [16,17]. This perspective is
especially relevant in cases involving atypical presentations
or those lacking a confirmed genetic mutation. Advances in
molecular diagnostics and treatment approaches over the past
two decades have significantly improved our understanding and
management of this rare disease. However, challenges remain,
particularly in early recognition, timely genetic diagnosis, and
access to HSCT, which remains the only curative treatment
[16,17]. In primary HLH, there is an underlying genetic defect
that can lead to FHLH. Mutations of PRF1, UNC13D, STX11, and
STXBP2 are some of these defects [18,19]. Primary and secondary
HLH are clinically similar and cannot always be differentiated
from each other. Clinically, patients can have fever (90%-100%),
hepatosplenomegaly (70%-100%), maculopapular rash (10%-
60%), lymphadenopathy (20%-50%), respiratory distress (40%-
90%), jaundice, weight loss, and irritability. These cases resemble
hyperferritinemic septic shock. When there is neurological
involvement, patients may present with seizure and coma.
Consistent with the literature [20], the most prevalent clinical
manifestation in our series was fever, followed by splenomegaly,
hepatomegaly, rash, and lymphadenopathy. A multicenter
study from Tiirkiye by Akyol et al. [21] reported high rates of
consanguinity (72.2%) and positive family history for HLH-related
symptoms or deaths (39.8%). Similarly, in our cohort, 67.9% of
the patients were born to consanguineous parents and 32.1%
had a family history suggestive of HLH. Although primary HLH
most often appears during the first two years of life, it can also be
seen later [20,22]. In our series, the median age at diagnosis was
12.5 months, with the youngest patient admitted at 3 months
of age while the oldest patient at admission was 12.5 years. The
percentage of patients diagnosed before 1 year of age was 40%
and the percentage of patients diagnosed before 2 years of age
was 60%. Our cohort reveals that diagnostic delay is still an issue,
with a median time from symptom onset to diagnosis of 2.5
months. This is consistent with previously published data from
Turkiye, emphasizing the need for improved awareness and early
referral strategies [21]. Fever was the most important finding,
being observed in all patients. Given that several HLH patients
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’ Table 2. Demographic, clinical, laboratory, and follow-up results of patients diagnosed with hemophagocytic lymphohistiocytosis. ‘

Demographic features (n=30)

Boy 18 (60%)

0,

Sex, n (%) Girl 12 (40%)
Age at first symptom, months

Median (min-max) 10 (0.5-204)
Mean £ SD 27.691+46.47
Age at admission to our center, months

Median (min-max) 12.5 (1-204)
Mean £ SD 33.28+48.88
Follow-up duration, months

Median (min-max) 37(0-247)
Mean * SD 61.93+72.00
Consanguineous marriage, n (%) 22 (73.3%)
Family history, n (%) 12 (40%)

Clinical features (n=30), n (%)

Fever 0
Fever duration, days 30 (100%)
Mean * SD 13.30£14.05
Median (min-max) 10 (5-60)
Interquartile range 5-13
Splenomegaly 29 (96.7%)
Hepatomegaly 25 (83.3%)
Lymphadenopathy 6 (20%)

Rash 5 (16.7%)
Neurological involvement 5 (16.6%)

Laboratory features

Anemia (n=30) 27 (90%)
Neutropenia (n=30) 23 (76.7%)
Thrombocytopenia (n=30) 30 (100%)
Bicytopenia (n=30) 10 (33.3%)
Pancytopenia (n=30) 21 (70%)

Ferritin elevation (n=30) 30 (100%)
Ferritin level, ng/mL

Median (min-max) 2290 (489-37.879)
Mean £ SD 5669.40+7730.48
Interquartile range 1603-7212
Hypertriglyceridemia (n=30) 28 (93.3%)

Hypofibrinogenemia (n=30) 20 (66.7%)
AST elevation (n=30) 27 (90%)
ALT elevation (n=30) 15 (50%)
Hyperbilirubinemia (n=30)

Total hyperbilurubinemia 7 (23.3%)
Unconjugated hyperbilurubinemia 6 (20%)
LDH elevation (n=30) 26 (86.7%)
CRP elevation (n=26) 19 (73.1%)
PT elevation (n=23) 9 (39.1%)
INR elevation (n=24) 11 (45.8%)
aPTT elevation, s (n=23) 10 (43.5%)
D-dimer elevation, ng/mL (n=22) 15 (68.2%)
Hyponatremia (n=29) 14 (48.3%)
Hypokalemia (n=29) 0 (0%)
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’ Table 2. Continued.

|

Demographic features (n=30)

Hypoalbuminemia (n=29) ‘ 16 (55.2%)
Immunological evaluation
Low 1gG (n=22) 5 (22.7%)
Low IgM decrease (n=23) 3 (13%)
Low IgA decrease (n=23) 5 (21.7%)
(D3 decrease (n=21) 2 (9.5%)
(D4 decrease (n=22) 7 (31.8%)
(D8 decrease (n=22) 2(9.1%)
(D16* 56" (NK) cell decrease (n=20) 5 (25%)
RTE decrease (n=13) 2 (15.4%)
Low lymphocyte activation response (CD3*CD25*, CD3*CD69" with PHA) (n=9) 0
Hemophagocytosis in bone marrow aspiration/biopsy (n=30) 25 (83.3%)
Treatment (n=30) HLH-1994 3 (10%)
HLH-2004 21 (70%)
Other 6 (20%)
Complete remission 15 (50%)
Treatment response (n=30)
Partial remission 3 (10%)
Reactivation 8 (26.6%)
No response
4 (13.3%)
. Alive 13 (43.3%)
Prognosis (n=30)
Deceased 17 (56.7%)

AST: Aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; CRP: C- reactive protein; PT: prothrombin time; INR: international normalized
ratio; aPTT: activated partial thromboplastin time; Ig: immunoglobulin; CD: cluster of differentiation; RTE: recent thymic emigrant, NK: natural killer; SD: standard deviation.

in our cohort lacked a genetic diagnosis but fulfilled clinical
criteria and had strongly suggestive family histories, a broader
immunological workup may be warranted in future studies. As
proposed by Ricci et al. [17], expanded genetic tests may uncover
novel IEls or immune dysregulation pathways involved in the
pathogenesis of HLH, especially in consanguineous populations.
The most frequently identified genetic defect in our cohort was
PRF1 deficiency, consistent with findings from previous national
and international series. Additionally, rare mutations in genes
such as STX11 and UNC13D were detected in this study, further
underscoring the genetic heterogeneity of the disease.

In a primary HLH series reported by Pegoraro et al. [23], from
among 143 patients, 68% had bicytopenia, 50% had elevation
of liver function tests, and all patients had high ferritin
levels. The series reported by Cleves et al. [24] included 21
patients and 61.9% of those patients had bicytopenia, 81%
had elevated ferritin, and 76.2% had hypertriglyceridemia or
hypofibrinogenemia. In our series, cytopenia was most often
observed in thrombocytes and it was present in all patients.
Pancytopenia was observed more often than bicytopenia
(67.9%). Ferritin elevation was observed in all patients. This
was followed by hypertriglyceridemia (96.4%), aspartate
transaminase elevation (89.3%), lactate dehydrogenase

elevation (85.7%), and hypofibrinogenemia (64.3%). Although
hemophagocytosis was not pathognomonic for bone marrow
aspiration, it was seen in 85.7% of the patients.

During immunological evaluation, the lymphocyte activation
response was normal in HLH but NK cell activity and T-cell
cytotoxic activity were significantly lower. In active HLH, CD8
T-cells and, to a lesser extent, CD4 T-cells may be increased.
Soluble CD8 and CD25 may also be increased in the process
of cytokine storms [25]. In our series, we did not have access
to the results of immunological evaluations for all patients.
However, lymphocyte activation response with PHA was normal
for all tested patients (n=9). The most frequently observed
immunological abnormalities (n=20) included reduced CD4*
T-cell counts (30%), decreased RTEs (18.2%), low NK cell counts
(16.7%), and decreased 1gG levels (25%).

Cetinkaya et al. [26] evaluated 28 patients with primary HLH
and found that hypoalbuminemia was significantly associated
with mortality. Similarly, in a cohort of 41 patients, Bayram
et al. [27] reported that hypernatremia and elevated blood
urea nitrogen levels were significantly more frequent among
deceased patients. In our study, hypernatremia was not
observed; however, hyponatremia and hypoalbuminemia were
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’ Table 3. Characteristics of 17 patients who underwent HSCT.

HSCT 17 (56.6%)
MRD

35

MSD

235

Donor type (n=17) MURD

294

MMRD

1.7

Conditioning regimen (n=17)

Busulfan/etoposide/cyclophosphamide

52.9

Treosulfan/fludarabine

294

Busulfan/fludarabine

17.6

Missing data

1.7

GVHD prophylaxis (n=17) Cyclosporine

wNwm@Nm-&@I
S

17.6

Cyclosporine/MTX or MMF 12 70.5
Tacrolimus/MMF 1 5.8
Cyclophosphamide/MTX/tacrolimus 1 5.8
Full chimerism 1 64.7
Chimerism follow-up (n=17) M.lxed chimerism & 17.6
Died before engraftment 2 1.7
Graft failure 1 5.8
Acute GVvHD 5/17 (29.4%)
Steroids 5
Acute GVHD treatment (n=5) Mesenchymal stem cells 2
Tocilizumab 1

HSCT: Hematopoietic stem cell transplantation; GvHD: graft-versus-host disease; MTX: methotrexate; MMF: mycophenolate mofetil; MRD: matched related donor; MSD: matched
sibling donor; MURD: matched unrelated donor; MMRD: mismatched related donor.

detected in 48.1% and 51.9% of patients, respectively. In another
series reported by Pegoraro et al. [23], hyperferritinemia
and total bilirubin levels exceeding 2 mg/dL were associated
with poor prognosis. Despite these findings in the literature,
our statistical analysis did not reveal a significant correlation
between biochemical parameters and clinical outcome
(p>0.05). This lack of association may be attributed to the
relatively small sample size in our study.

The most important type of organ involvement in HLH is
neurological involvement. In different studies, the rate of
neurological involvement ranges between 10% and 70% [28].
In T2 flair magnetic resonance imaging, hyperintensities can
be observed in the gray and white matter in the supratentorial
and infratentorial fields. At the same time, pleocytosis (50%-90%)
might be identified in CSF analysis. Clinically, a loss of balance,
seizures, headaches, and loss of strength in the extremities are
the most commonly encountered findings [20]. In our series,
4 patients had neurological involvement. Two patients were
being followed with PRF1 and UNC13D gene mutations. Only
one patient had pleocytosis and atypical cells in the CSF. In the
cranial magnetic resonance imaging of the other 3 patients,
hyperintense areas observed in the white and gray matter were
interpreted as HLH involvement. The common findings in the
clinical presentations of these 4 patients were seizures and
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impaired general condition. All 4 patients died during follow-
up. In statistical evaluations, the presence of neurological
involvement was found to be a significantly unfavorable
prognostic factor (p=0.001).

The diagnostic process for HLH consists of two stages. The
first stage involves the application of the HLH-2004 diagnostic
criteria. In the second stage, genetic testing is promptly initiated
for patients who meet the aforementioned criteria. Importantly,
treatment should not be delayed while awaiting genetic results.
In parallel to the genetic diagnosis, certain markers can be
analyzed with flow cytometry to support the diagnosis. Perforin
(for FHLH2), (D107a (for UNC13D, STXBP2, STX11, RAB27A,
LYST, and AP3B1), SAP (for SH2D1A), and XIAP (for XLP2) can be
measured [18,29]. Due to the unavailability of functional assays
such as NK cell activity and CD107a expression at our center,
genetic testing served as the primary diagnostic approach;
however, as noted by Canna and Marsh [19], the integration of
both genetic and functional data enhances diagnostic accuracy
in FHLH. However, Henter et al. [30] evaluated 366 FHLH patients
in their study and concluded that the sensitivity and specificity
of the diagnostic criteria did not differ in instances where NK cell
activity could not be measured. In our series, we tried to establish
a genetic diagnosis for all patients, but we could identify genetic
mutations in only 18 cases (64.2%). Most frequently, we observed
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Figure 1a. Overall survival (0S) and event-free survival (EFS) for patients with (green line) and without (blue line) hematopoietic stem cell
transplantation (HSCT).
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Figure 1b. Overall survival (0S) and event-free survival (EFS) for patients with (green line) and without (blue line) hospitalization in the
pediatric intensive care unit (PICU).
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Figure 1c. Overall survival (0S) and event-free survival (EFS) for patients with (green line) and without (blue line) organ failure.
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FHLH, and in this group we most commonly identified perforin
and UNC13D mutations.

The objectives of HLH treatment are to induce remission, control
the triggers, maintain remission/rescue treatment, and provide
curative treatment. Timely treatment of HLH is very important
for prognosis. If active HLH is left untreated, survival decreases
significantly within the first 2 months. Cellular targeted therapies
(e.g., etoposide, cyclosporine, steroids, ATG, alemtuzumab,
intrathecal methotrexate) and cytokine targeting therapies
(e.g., emapalumab, ruxolitinib, tadekinig-alfa) can be used as
treatment approaches [7]. The HLH-94 and HLH-2004 protocols
rely on immunotherapy including dexamethasone, etoposide,
and CSA to induce remission and to maintain it; the main
difference between these protocols is the time to start CSA [5].
In our study, the most commonly used treatment regimen was
HLH-2004 (75%). A statistically significant difference could not be
found among HLH-2004, HLH-94, and other treatment methods
(p>0.05). In the cohort of Pegoraro et al. [23], comprising 143
patients, HLH-2004 was found to provide better outcomes
compared to HLH-94 for post-transplant mortality. However,
this difference was also attributed to the improvements in HSCT
procedures and care over the years.

HSCT currently remains the only curative treatment for HLH,
and it is recommended to perform allogeneic HSCT as early as
possible following the achievement of remission to reduce the
risk of relapse. In our cohort, 17 patients (60.7%) underwent
HSCT, most commonly from MRDs. The preferred conditioning
regimen was busulfan, etoposide, and cyclophosphamide.
Acute GvHD developed in 5 patients and 5 patients died
following transplantation. Despite these complications,
the overall survival rate was significantly higher among
transplanted patients compared to those who did not receive
HSCT (p=0.001), consistent with the findings of Bayram
et al. [27], who reported a 9.4-fold survival benefit in HSCT
recipients.

Recent data from Oztiirk et al. [22] further emphasize that
genetic mutations, particularly in PRF1, UNC13D, and STX11,
significantly influence post-transplant outcomes in pediatric
HLH. In our study, PRF1 and UNC13D were also the most
frequently identified mutations. However, these genetic findings
did not significantly affect transplant-related survival in our
cohort, likely due to the smaller sample size. Nonetheless,
the findings reported by Oztiirk et al. [22] underscore the
importance of early genetic diagnosis to optimize transplant
timing and donor selection.

Our findings are also in line with those of Messina et al. [31],
who reported that MSDs were the most common source for
transplantations and that busulfan-based regimens were
frequently used. In their study, partial MRDs were associated
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with poorer event-free survival and higher rates of graft
failure. Notably, the presence of active disease at the time
of the transplant did not negatively impact HSCT outcomes,
highlighting the importance of timely transplantation, even
during times of disease activity [31]. In contrast, Greental Ness
et al. [32] found significantly lower 5-year event-free survival in
patients receiving reduced-intensity conditioning regimens and
in transplants from non-MSD donors. In our series, donor type,
conditioning regimen, acute GvHD, genetic diagnosis, and stem
cell source were not statistically associated with differences
in overall survival or event-free survival, which may again be
attributed to the limited size of the cohort.

In terms of prognosis, 17 of the 30 patients (56.6%) died. Poor
prognostic factors included PICU admission, the need for
mechanical ventilation, multiorgan failure, and neurological
involvement, with significantly higher mortality rates in these
cases. Among patients who underwent HSCT, survival rates were
significantly higher. In the cohort reported by Chinn et al. [33]
with 122 patients, the overall survival rate was 45%, while for
the cohort of Abbasi et al. [34] with 51 patients, it was 43.9%.
Consistent with the literature, the survival rate in our series was
46.5%.

Conclusion

HLH is not a single disease entity but rather a clinical syndrome
characterized by a shared hyperinflammatory phenotype
triggered by diverse geneticand acquired conditions. In countries
such as Turkiye with a high prevalence of consanguineous
marriages, HLH should be carefully considered in the
differential diagnosis of patients presenting with persistent
fever, hepatomegaly, cytopenia, and rash. Early recognition and
prompt referral, particularly to immunology and hematology
specialists, are critical for timely intervention.

Given the increasing recognition of HLH as a possible
manifestation of IEls, comprehensive immunological and genetic
evaluations should be pursued without delay in suspected cases.
Our findings, in line with other national and international
cohorts, confirm that HSCT remains the only curative option
for FHLH, and it should be performed as early as possible
after achieving disease remission. Improving access to early
diagnostics and HSCT could significantly enhance outcomes,
particularly in genetically predisposed populations.

Ethics

Ethics Committee Approval: The study was approved by the
ethics board of the Ankara University Faculty of Medicine on July
21, 2023, with decision number 2023/388.

Informed Consent: Verbal and written consent forms were
obtained from the legal guardians of the patients for this study.



Turk ) Hematol 2026;43:26-40

Oztiirk A.G. et al.: Pediatric HLH: Clinical and Laboratory Features, Outcomes

Acknowledgments

We would like to thank the families of our patients and all
healthcare professionals who provide multidisciplinary care to
our patients.

Footnotes
Authorship Contributions

Concept: A.G.0., ZS.H., H.EC., C.i., T.i., Ei, S.I.O., H.U.D, N.T,,
E.C.U, FD., M.E, A.i.; Design: A.G.O., ZS.H., H.EC., C.i., T,
E.i. S.1.0., HU.D, N.T., E.C.U, FED., M.E., A.i.; Data Collection or
Processing: A.G.0., ZS.H., H.F.C., C.i., ED., M.E., A.i; Analysis or
Interpretation: A.G.0., ZS.H., H.F.C., C.i., T, Ei, S.I.O., H.U.D,,
N.T., ECU., FD., M.E, Al.; Literature Search: A.G.0., ZSH.,
H.F.C., C.i., ED., M.E., All; Writing: A.G.0.,ZSH., H.FC., C..

Conflict of Interest: No conflict of interest was declared by the
authors.

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

References

1. Poli MC, Aksentijevich I, Bousfiha A, Cunningham-Rundles C, Hambleton
S, Klein C, Morio T, Picard C, Puel A, Rezaei N, Seppanen MRJ, Somech R,
Su H, Sullivan K, Torgerson TR, Meyts I, Tangye S. Human inborn errors
of immunity: 2024 update on the classification from the International
Union of Immunological Societies Expert Committee. | Hum Immun
2025;1:€20250003.

2. Brisse E, Wouters CH, Matthys P. Advances in the pathogenesis of primary
and secondary haemophagocytic lymphobhistiocytosis: differences and
similarities. Br ] Haematol. 2016;174:203-217.

3. Chellapandian D. Hemophagocytic lymphohistiocytosis: lessons learned
from the dark side. Immunol Allergy Clin North Am. 2020;40:485-497.

4. Ladisch S. Hemophagocytic lymphohistiocytosis. In: Kliegman R, St. Geme
JW 3rd (eds). Nelson Textbook of Pediatrics. Dordrecht, Elsevier, 2020.

5. Henter JI, Horne A, Aricé M, Egeler RM, Filipovich AH, Imashuku S, Ladisch
S, McClain K, Webb D, Winiarski ], Janka G. HLH-2004: diagnostic and
therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr
Blood Cancer. 2007;48:124-131.

6. Sileyman M, Cagdas Ayvaz DN. immiin disregiilasyonla giden hastaliklar.
Katki Pediatri Dergisi. 2021;42:117-142.

7. Wegehaupt O, Wustrau K, Lehmberg K, Ehl S. Cell versus cytokine - directed
therapies for hemophagocytic lymphohistiocytosis (HLH) in inborn errors of
immunity. Front Immunol. 2020;11:808.

8. Arceci RJ. Histiocytosis syndromes. In: Lanzkowsky P, Lipton JM, Fish |D (eds).
Lanzkowsky’s Manual of Pediatric Hematology and Oncology. Dordrecht,
Elsevier, 2016.

9. Meyer LK, Lee JC, Rocco JM, Nichols KE. Histiocyte Society blueprint for
hemophagocytic lymphohistiocytosis research: deciphering underlying
disease mechanisms to optimize diagnosis and therapy. Haematologica.
2025;110:2572-2587.

10. Horne A, Trottestam H, Arico M, Egeler RM, Filipovich AH, Gadner H,
Imashuku S, Ladisch S, Webb D, Janka G, Henter JI; Histiocyte Society.
Frequency and spectrum of central nervous system involvement in 193
children with haemophagocytic lymphobhistiocytosis. Br ] Haematol.
2008;140:327-335.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tezcan |, Berkel Al, Ersoy F, Sanal O. Saglkh Tiirk cocuklari ve eriskinlerde
turbidimetrik yontemle bakilan serum immiinglobilin diizeyleri. Cocuk
Sagligi ve Hastaliklari Dergisi. 1996;39:649-656.

Ikinciogullari A, Kendirli T, Dogu F, Egin Y, Reisli I, Cin S, Babacan E.
Peripheral blood lymphocyte subsets in healthy Turkish children. Turk |
Pediatr. 2004;46:125-130.

Kavgaci A, Bayrakoglu D, Bal SK, Haskologlu S, Cullas-ilarslan NE, Topcu S,
Okulu E, islamoglu C, Arikan M, Dogu F, ikinciogullari KA. Evaluation of
thymopoiesis in healthy Turkish children aged 0-6 years. Turk J Pediatr.
2023;65:73-80.

Valcarcel D, Sureda A. Graft failure. In: Carreras E, Dufour C, Mohty M, Kroger
N (eds). The EBMT Handbook: hematopoietic stem cell transplantation and
cellular therapies. Berlin, Springer Open, 2024.

Peters C, Schrappe M, von Stackelberg A, Schrauder A, Bader P, Ebell W, Lang
P, Sykora KW, Schrum ], Kremens B, Ehlert K, Albert MH, Meisel R, Matthes-
Martin S, Gungor T, Holter W, Strahm B, Gruhn B, Schulz A, Woessmann W,
Poetschger U, Zimmermann M, Klingebiel T. Stem-cell transplantation in
children with acute lymphoblastic leukemia: a prospective international
multicenter trial comparing sibling donors with matched unrelated donors-
The ALL-SCT-BFM-2003 trial. J Clin Oncol. 2015;33:1265-1274.

Meeths M, Bryceson YT. Genetics and pathophysiology of haemophagocytic
lymphohistiocytosis. Acta Paediatr. 2021;110:2903-2911.

Ricci S, Sarli WM, Lodi L, Canessa C, Lippi F, Dini D, Ferrari M, Pisano L, Sieni
E, Indolfi G, Resti M, Azzari C. HLH as an additional warning sign of inborn
errors of immunity beyond familial-HLH in children: a systematic review.
Front Immunol. 2024;15:1282804.

Arnold DE, Leiding JW. Immune dysregulation. In: Kliegman R, St. Geme JW
3rd (eds). Nelson Textbook of Pediatrics. Dordrecht, Elsevier, 2024.

Canna SW, Marsh RA. Pediatric hemophagocytic lymphohistiocytosis. Blood.
2020;135:1332-1343.

Stephan L. Hemophagocytic lymphohistiocytosis. In: Kliegman R, St. Geme
JW 3rd (eds). Nelson Textbook of Pediatrics. Dordrecht, Elsevier, 2024.

Akyol S, Yilmaz E, Tokgoz H, Karaman K, Pekpak E, Ozcan A, Si Msek A,
Arslan B, Oren AC, Gokeeli HS, Acipayam C, Giizel T, Tuncel DA, Gok V,
Arslan K, Eken A, Canatan H, Akbayram S, Karaktikcii M, Aycan N, Caliskan
U, Patiroglu T, Ozdemi R MA, Chiang SCC, Bryceson YT, Unal E. Clinical
spectrum of primary hemophagocytic lymphohistiocytosis: experience
of reference centers in Central and Southeast Anatolia. Ann Hematol.
2025;104:123-130.

Oztiirk G, Yesilipek MA, Akqay A, Uygun V, Ozek G, Karasu G, Yilmaz E, Demir
Yenigiirbiiz F, Oztiirkmen S, Aksoylar S, Ok Bozkaya I, Yalgin K, Adakli Aksoy B,
Unal E, Akinci B, Daloglu H, Karagiin BS, Kansoy S, Ozbek N, ince E, Demir HA,
Guindogdu M, Malbora B, Karakiik¢ti M, Elli M, Akyay A, Glines AM, Akbayram
S, Sarper N, Del Castello BE, Hazar V, Antmen B. Effect of genetic mutations
on outcomes of stem cell transplantation in children with hemophagocytic
lymphohistiocytosis. Bone Marrow Transplant. 2025;60:1009-1019.

Pegoraro F, Chinnici A, Beneforti L, Tanturli M, Trambusti I, De Fusco C,
Micalizzi C, Barat V, Cesaro S, Gaspari S, Dell’Acqua F, Todesco A, Timeus F,
Aricd M, Favre C, Tondo A, Coniglio ML, Sieni E; Aieop Histiocytosis Working
Group. Outcome of primary hemophagocytic lymphohistiocytosis: a report
on 143 patients from the Italian Registry. Haematologica. 2024;109:2515-
2524.

Cleves D, Lotero V, Medina D, Perez PM, Patifio JA, Torres-Canchala L, Olaya
M. Pediatric hemophagocytic lymphohistiocytosis: a rarely diagnosed entity
in a developing country. BMC Pediatr. 2021;21:411.

De Saint Basile G. Inherited hemophagocytic lymphobhistiocytosis syndromes.
In: Ochs HD, Smith CIE, Puck JM (eds). Primary Immunodeficiency Diseases.
Oxford, Oxford University Press, 2014.

Cetinkaya PG, Cagdas D, Gumruk F, Tezcan |. Hemophagocytic
lymphohistiocytosis in patients with primary immunodeficiency. ] Pediatr
Hematol Oncol. 2020;42:e434-e439.

37



Oztiirk A.G. et al.: Pediatric HLH: Clinical and Laboratory Features, Outcomes

Turk ) Hematol 2026;43:26-40

27.

28.

29.

30.

31.

38

Bayram C, Tahtakesen TN, Arslantas E, Yilmaz E, Ozdemir GN, Pasli Uysalol
E, Gokce M, Akcay A, Tugcu D, Aycicek A. Prognostic factors and long-term
outcomes in 41 children with primary hemophagocytic lymphohistiocytosis:
report of a single-center experience and review of the literature. | Pediatr
Hematol Oncol. 2023;45:262-266.

Gokce M, Balta G, Unal S, Oguz K, Cetin M, Gumruk F. Spinal cord involvement
in a child with familial hemophagocytic lymphobhistiocytosis. ] Pediatr
Neurosci. 2012;7:194-196.

Marsh  RA, Haddad E. How | treat primary haemophagocytic
lymphohistiocytosis. Br | Haematol. 2018;182:185-199.

Henter |1, Sieni E, Eriksson |, Bergsten E, Hed Myrberg I, Canna SW, Coniglio
ML, Cron RQ, Kernan KF, Kumar AR, Lehmberg K, Minoia F, Naqvi A, Ravelli A,
Tang YM, Bottai M, Bryceson YT, Horne A, Jordan MB. Diagnostic guidelines
for familial hemophagocytic lymphobhistiocytosis revisited. Blood.
2024;144:2308-2318.

Messina C, Zecca M, Fagioli F, Rovelli A, Giardino S, Merli P, Porta F, Aricd
M, Sieni E, Basso G, Ripaldi M, Favre C, Pillon M, Marzollo A, Rabusin M,
Cesaro S, Algeri M, Caniglia M, Di Bartolomeo P, Ziino O, Saglio F, Prete A,
Locatelli F. Outcomes of children with hemophagocytic lymphohistiocytosis

32.

33.

34.

given allogeneic hematopoietic stem cell transplantation in Italy. Biol Blood
Marrow Transplant. 2018;24:1223-1231.

Greental Ness Y, Kuperman AA, Stein |, Yacobovich J, Even-Or E, Zaidman
I, Gefen A, Nevo N, Oberman B, Toren A, Stepensky P, Bielorai B, Jacoby
E. Improved transplant outcomes with myeloablative conditioning for
hemophagocytic lymphohistiocytosis in HLA-matched and mismatched
donors: a national multicenter retrospective study. Bone Marrow Transplant.
2021;56:2088-2096.

Chinn IK, Eckstein 0S, Peckham-Gregory EC, Goldberg BR, Forbes LR,
Nicholas SK, Mace EM, Vogel TP, Abhyankar HA, Diaz MI, Heslop HE, Krance
RA, Martinez CA, Nguyen TC, Bashir DA, Goldman R, Stray-Pedersen A,
Pedroza LA, Poli MC, Aldave-Becerra JC, McGhee SA, Al-Herz W, Chamdin A,
Coban-Akdemir ZH, Jhangiani SN, Muzny DM, Cao TN, Hong DN, Gibbs RA,
Lupski JR, Orange JS, McClain KL, Allen CE. Genetic and mechanistic diversity
in pediatric hemophagocytic lymphohistiocytosis. Blood. 2018;132:89-100.

Abbasi AM, Shaikh MU, Shariqg M, Arif MS, Arshad A, Raheem A, Ali N.
Outcome of patients with primary and secondary hemophagocytic
lymphohistiocytosis: a retrospective analysis from a tertiary care center.
Medicine (Baltimore). 2023;102:e34898.



Turk ) Hematol 2026;43:26-40

Oztiirk A.G. et al.: Pediatric HLH: Clinical and Laboratory Features, Outcomes

Supplementary Table 1. Characteristics of 17 patients who underwent hematopoietic stem cell transplantation.

Patient
number

Genetic

diagnosis if | Donor type

applicable

Matched family

Conditioning
regimen/graft-

versus-host
prophylaxis

Busulfan,

cyclophosphamide,

Myeloid/
thrombocyte
engraftment
(days)

Stem cell
source

CD34 count
(10%/kg)

Complications

Chronic GYHD

Prognosis

Dead (due to

unrelated donor

cyclosporine,
methotrexate

viremia

P1 N/A donor (mother) etoposide/ 11/57 Peripheral | 9.45 (skin, oral, eye) sudden cardiac
cyclosporine, arrest)
methotrexate

Mucositis,
Busulfan, sinusoidal
- cyclophosphamide, obstruction
P2 N/A l\j/latchedybllng etoposide/ 12/19 Bone 11.12 syndrome, Alive
onor . marrow .
cyclosporine, splenic
methotrexate candidiasis, acute
kidney injury
Mucositis,
capillary leak
syndrome,
Busulfan, acute GVHD . Dead (multiple
. Matched family | cyclophosphamide . . (gastrointestinal organ
P3 Perforin . ’ | Graft failure | Peripheral | 2.62 system), acute .
donor (mother) | etoposide/ pulmonary dysfunction
cyclosporine edema, acute syndrome)
kidney injury,
hemorrhagic
cystitis
Busulfan,
Matched family cyclophosphamide, Bone . .
P4 N/A etoposide/ 23/18 8.58 Mucositis Alive
donor (father) ; marrow
cyclosporine,
methotrexate
Busulfan,
P5 Perforin Matched family cyclophosphamlde, 19/29 Bone 15.5 Mucositis Alive
donor (father) etoposide/ marrow
cyclosporine
Busulfan,
. cyclophosphamide,
P6 Perforin Matched family etoposide/ 23/15 Bone 3 AcqterHD Alive
donor (father) . marrow (skin)
cyclosporine,
methotrexate
Fludarabine,
p7 N/A Matched sibling treosqlfan,ATG/ 15/33 Bone 5 None Alive
donor tacrolimus, marrow
methotrexate
- Fludarabine,
P8 uncizp | Matched sibling oo ian, ATer | 19726 Bone 103 Acute GYHD Alive
donor . marrow (skin)
cyclosporine
Capillary leak
syndrome,
Busulfan, .
lophosphamid Pneumocystis Dead (acute
Matched cyclophosphamide, Bone Jirovecii respiratory
P9 STXBP2 etoposide/ 15/42 5.6 . :
unrelated donor : marrow pneumonia, distress
cyclosporine, .
autoimmune syndrome)
methotrexate A
hemolytic
anemia
Busulfan,
Matched cyclophosphamide, Hypertension,
P10 Perforin etoposide, ATG/ 16/19 Peripheral | 5.41 cytomegalovirus | Alive
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Continued.
Genetic Conditioning Myeloid/
Patient . .. regimen/graft- thrombocyte | Stem cell | CD34 count A .
diagnosis if | Donor type a Complications Prognosis
number : versus-host engraftment | source (10%/kg)
applicable .
prophylaxis (days)
Busulfan,
P11 Perforin Matched family fludarabme, ATG/ N/A Bone 438 None Alive
donor (father) cyclosporine, marrow
methotrexate
Busulfan,
Matched cyclophosphamide, Catheter
P12 UNC13D etoposide, ATG/ 23/19 Peripheral | 4 . . Alive
unrelated donor . infection
cyclosporine,
methotrexate
Treosulfan,
LYST fludarabine, Acute
P13 (C‘hedla.k- Matched ATG, rltux.lmab/ 15/26 Peripheral |5 GvHD .(skln,‘ Alive
Higashi unrelated donor | cyclosporine, gastrointestinal),
syndrome) mycophenolate mucositis
mofetil
Busulfan, Sinusoida
P14 (P8s UNC13D Matched sibling fludarabme, ATG/ 15/47 Bone 105 obstruction Alive
sister) donor cyclosporine, marrow
syndrome,
methotrexate !
hypertension
. Fludarabine, . .
STAT1 gain- Mlsmatched treosulfan, ATG/ Bone Gastrointestinal
P15 . family donor . None 2.95 and pulmonary | Dead
of-function cyclophosphamide, marrow
(father) hemorrhage
methotrexate
Dead
Mismatched Fludarabine, Bone Acute kidney (respiratory
P16 (D247 family donor treosulfan, N/A marrow N/A injury, BCGitis, failure due to
(mother) thiotepa/N/A acute skin GvHD | chronic lung
GVHD)
Busulfan, Mucositis
fludarabine, ATG/ diarrhea ’
P17 Perforin Matched cyclophosphamide, None Peripheral | 6.75 sinusoidal Dead septic
unrelated donor | methotrexate, . shock)
obstruction
mycophenolate
. syndrome
mofetil
N/A: Not applicable; ATG: antithymocyte globulin; GvHD: graft-versus-host disease; BCG: Bacillus Calmette-Guerin.
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