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Soluble interleukin-2 receptor in pediatric patients investigated for
hemophagocytic lymphohistiocytosis — a single-center,
ten-year-long experience

ConyOumHu petenTop 3a MHTEPJICYKUH-2 KO/ MeI1jaTPUjCKUX MallijeHara
UCIIUTUBAHUX HA XeMO(DAroUTHY JTUM(OXUCTHOLIMTO3Y — I€CETOTOUIIIHE

MCKYCTBO j€THOT IIEHTpa

SUMMARY

Introduction/Objective Hemophagocytic
lymphohistiocytosis (HLH) is a severe
hyperinflammatory condition characterized by fever,
splenomegaly and cytopenias. Diagnosis of HLH
requires at least five of the eight criteria set by the
Histiocyte Society and poses a significant challenge
to physicians. HLH-2004 criteria include
measurement of plasma levels of soluble receptor for
interleukin-2 (sIL-2R), an invaluable tool in the
diagnosis of HLH, particularly because it can be
measured swiftly and inexpensively.

Methods We retrospectively analyzed medical
records of 45 pediatric patients (28 boys and 17.girls,
median age 8.1 years) who were investigated for
suspected HLH in University Children’s Hospital,
Belgrade, in the period 2012-2022.

Results Ten children were diagnosed with HLH,
while 35 did not have HLH.-All.ten HLH patients
had secondary HLH: eight suffered from infection or
inflammatory condition, one from an autoimmune
disease, and onefrom malignancy. Level of sIL-2R
was above the HLH-2004 cutoff value of 2400 1U/ml
in.9/10 patients with HLH (sensitivity 90%) and 9/35
of patients who did not-have HLH (specificity
74.2%).

Conclusion Soluble IL-2 receptor measurement is
valuable in children suspected to have HLH.
Sensitivity and specificity of this analysis can be
further improved by strict patient selection and a
comprehensive diagnostic approach.

Keywords: hemophagocytic lymphohistiocytosis;
soluble IL-2 receptor; children

INTRODUCTION

Hemophagocytic

lymphohistiocytosis (HLH)

CAXKETAK

YBoa/Llnmp XemodaronurHa TUM(POXHCTHOITUTO3A
(XJIX) je Temko xurepuH(IAMaTOPHO CTAEBE KOje ce
OJUIMKYj€ TPO3HHULIOM, CINICHOMETraanjoM U LIUTOIIe-
uHujama. Jujarnosza XJIX usuckyje HajMame et o1
ocaM KpHUTepUjyMa KOje je TOCTaBuiIo XHCTHOUTHO
JPYLITBO W 3Ha4ajaH je u3a30B Jekapuma. Kpurepu-
jymu XJIX-2004 00yxBaTajy MEpeHE HUBOA COITY-
OMJIHOT perienTopa3a MHTSPNEYKHH-2 Y IIa3MU
(cWJI-2P), mparomeHo opyhe y mujarsoctimm XJIX,
moceOHo jep ra je Moryhe 6p30 i eKOHOMIYHO
MEpHTH.

MeTtoae PeTpoCreKTHBHO CMO aHAIM3UpaTH MEIU-
[IUHCKY TOKYMCHTANHWjy 45 eIujaTpijCcKuX mamyje-
Harta (28 neuaka u 17 meBojunia, MearjaHa y3pacrta
8.1 roauHa) KOjU Cy HCITUTHBAHU 300T CYMIbE Ha
XJIX y YHHUBEP3UTETCKO] [€4j0j KIMHUIH Y
beorpany y neproay 2012-2022.

PesyaraTu Koj necetopo ferie je mocraBjbeHa auja-
rao3a XJIX, nok 35 auje umano XJIX. Koz cBux
neceropo nete je XJIX Ouma cekyHmapHa: 0cMOpo je
MaTwIo o1 MH(EKIHNje WIN 3aIabeCKOT CTamka U 110
jeIHO oJ1 ayToMMyHCKe ¥ Manurse 6osectu. Huso
cHJI-2P je Ouo mu3Hax rpaHudHE BpeqHOCTH 01 2400
IU/ml nporucane kpurepujymmma XJIX-2004 kox
9/10 nene ca XJIX (cemsutuBHOCT 90%) 1 9/35 nere
6e3 XJIX (cnenuduunoct 74,2%).

3akbyuak Mepeme cUJI-2P je nparoieHo Koz aere
ca cyMmoM Ha XJIX. CeH3UTHBHOCT ¥ CHIELU(PHUIHO-
CT OBe aHaM3e je Moryhe 1oaaTHO MoOOoJBIIATH
CTPOTOM CEJIEKIIHjOM TanxjeHaTa i cBeoOyXBaTHUM
JIjarHOCTUYKUM MPUCTYTIOM.

Kbyune peun: xemodarountra
TMpOXHUCTHONNTO3a; conyounnn MJI-2 penenrop;
Jena

is a severe and life-threatening

hyperinflammatory condition characterized by fever, splenomegaly and cytopenias, as well as

elevated serum ferritin levels, hypofibrinogenemia and hypertriglyceridemia [1]. The
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cornerstone of HLH pathogenesis is abnormal macrophage activity causing overabundance of
proinflammatory cytokines, thought to be a consequence of insufficient function of cytotoxic
lymphocytes (CD8" T cells and natural killer [NK] cells), hampering the physiological
termination of immune response and initiating a vicious circle of immune activation.
Hemophagocytic lymphohistiocytosis can be primary or secondary. The former may occur as
familial HLH or as part of certain primary immune deficiencies, while the latter can be
triggered by a wide variety of infectious, autoimmune, malignant and other conditions [2].
Diagnosis of HLH requires at least five of the eight criteria set by the Histiocyte Society
(HLH-2004) [3] and poses a significant challenge to physicians, since one or more criteria may
be absent in some patients, particularly early in the course of the disease, and timely treatment
is life-saving. HLH-2004 criteria include measurement of plasma levels of soluble receptor for
interleukin-2 (sIL-2R), a molecule shed in great guantities by activated T cells, and thus a
marker of T-cell activation [4]. With a cutoff value of 2400 IU/ml, sIL-2R measurement is an
invaluable tool in the diagnostic workup of patients suspected to have HLH, particularly
because it can/be measured swiftly and inexpensively. However, the real-life impact of sIL-2R
on the diagnosis of HLH may vary. We will review plasma sIL-2R levels found in pediatric

patients investigated for HLH in the past ten years and assess their diagnostic significance.

METHODS

We retrospectively analyzed medical records of 45 pediatric patients (28 boys and 17
girls, median age 8.1 years) who were investigated for suspected HLH in University Children’s
Hospital, Belgrade, in the period 2012-2022. Data on disease course and outcome, initial and
final diagnosis, treatment modalities, status of HLH-2004 criteria (fever, splenomegaly,
bi/pancytopenia, hemophagocytosis in bone marrow, serum levels of fibrinogen, ferritin and

tryglicerides), other relevant laboratory parameters (cerebrospinal fluid findings, C-reactive
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protein [CRP], procalcitonin, transaminases and activated partial thromboplastin time [APTT])
were retreived from the patients’ histories, as were the results of immunological tests (cytotoxic
lymphocyte function) and genetic analyses, if performed.

Serum levels of sIL-2R were measured as part of the diagnostic workup. For this purpose,
2 ml of peripheral blood was drawn in a tube containing 0.38% Na-citrate as anticoagulant.
Upon separating the serum by centrifugating the samples at 1600 x g, the analysis was either
performed on the same day or the serum was kept frozen at -20 °C for'a maximum of two
months until the time of analysis. The level of sIL-2R was measured by enzyme-linked
immunosorbent assay (ELISA; R&D Systems, USA) according to the manufacturer’s
instructions. The results were expressed in standardized international units (1U/ml).

The values of appropriate parameters were expressed as median, range and standard
deviation. Statistical significance of differences between patient groups was determined by
two-tailed Mann-Whitney’s U test.

All procedures on _human subjects were performed in accord with the Helsinki

Declaration and were approved by the Ethical Committee of UCH Belgrade.

RESULTS

We classified all patients (N=45) in four groups according to the type of underlying
condition: 1) detected or suspected infection or an inflammatory state of unclear origin (N=18);
2) known or suspected autoimmune disease (N=10); 3) pre-existing malignant disease (N=11);

and 4) a transplanted organ (N=6).

Patients Diagnosed with HLH
The diagnosis of HLH was established in 10 patients (6 boys and 4 girls, median age 4.5

years). Of these, eight were in the infection/inflammation group and one in the autoimmune
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and malignant groups, respectively. All HLH patients except one (9/10, 90.0%) had sIL-2R
levels above 2400 1U/ml. All patients (10/10) were febrile, 6 (60.0%) had an enlarged spleen,
while 7 (70.0%) displayed bi- or pancytopenia. Hemophagocytosis was found in bone marrow
aspirate in 4 patients (40%). Hypofibrinogenemia was present in 6 (60%), hypertriglyceridemia
in 5 (50%), and hyperferritinemia in 8 patients (80%). Functional capacity of cytotoxic T
lymphocytes and NK cells was investigated in three patients, with results in the physiological
range. Genetic investigations for HLH (clinical exome sequencing) were performed in one
patient, who exhibited two heterozygous variants of undetermined significance (VUS) in the
UNC13D gene. Of the ten HLH patients, one satisfied six"HLH-2004 criteria, while the
remaining nine satisfied five criteria. Median time from the onset of HLH to diagnosis was 2%
weeks (range 1-8 weeks).

In all ten children, HLH was classified as secondary. In three children, the underlying
disorder was a clinically diagnosed pneumenia (without identification of the causative agent,
although one child had a positive serologic test for West Nile virus). In two children, clinical
and laboratory findings indicated a viral upper respiratory infection (with negative results of
specific virological tests). One child had septicemia/systemic inflammatory syndrome (with
sterile blood culture). This child also had a positive serological test for Leischmania, but
without the finding of this organism on bone marrow examination. One child had an ANCA-
positive systemic vasculitis accompanied by respiratory problems, with a positive serological
test for Chlamydia pneumoniae. One child had a positive serological test for Epstein-Barr virus
and clinical signs of Kawasaki disease. One child developed secondary HLH during
maintenance therapy for acute lymphoblastic leukemia, while another was eventually
diagnosed with lymphoma.

Five children were treated according to HLH-2004 protocol for secondary HLH

(dexamethasone and cyclosporine without etoposide), two of whom also received intravenous
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immunoglobulins enriched for IgM fraction. The remaining four children were treated by
glucocorticoids with or without intravenous immunoglobulins. In total, disease had a fatal
outcome in four children (40.0%), while six (60.0%) recovered. Among the fatalities, one child
(age 2 years 11 months) received glucocorticoids and died of systemic vasculitis complicated
by pneumonia five days after the diagnosis of HLH. One child (age 15 years 1 month) suffered
from acute lymphoblastic leukemia, also received glucocorticoids, and died two months after
the onset of secondary HLH. One child had unexplained septicemia/SIRS (age 12 years 11
months), was treated by dexamethasone, cyclosporine and immunoglobulins, and died two
weeks after the diagnosis of HLH. One child (age 13 years 6 months) was treated with
dexamethasone and cyclosporine and died after being transferred to another center; the

underlying disorder was later determined to be' lymphoma.

Patients Who Were Not:Diagnosed with' HLH

Among the 35 children who did not have HLH, 6 (17.1%) fulfilled only one HLH-2004
criterion, 11 (31.4%) fulfilled two criteria, 12 (34.3%) three, 3 (8.6%) four, 2 (5.7%) five, and
1 (2.9%) six criteria. The three children with 5-6 criteria were not deemed by their psysician to
suffer from HLH, and were given other diagnoses (febrile neutropenia complicated by sepsis
in two-children with leukemia and a poorly defined viral infection in the remaining child).

In this group, six children died: four with malignant disease (three with acute leukemia
and one with Langerhans cell histiocytosis), one as a consequence of systemic CMV infection
complicated by acute respiratory distress, and one child with transplanted kidney who was
killed in a traffic accident unrelated to medical issues. Only two of these six patients (both with
leukemia) had an sIL-2R level above 2400 1U/ml. One of these two did fulfill five HLH-2004
criteria, although his condition was attributed to disease progression and not HLH. The other

child had three criteria.
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Levels of Soluble IL-2 Receptor

Median level of sIL-2R in patients with HLH was 3489.3 (range 2101.0-5536.0 1U/ml,
SD 1664.9 IU/ml). This was significantly higher (p<0.01) compared to patients without HLH
(1145.0; range 0.0-8955.0 1U/ml, SD 1663.1 1U/ml). Highest levels of sIL-2R were found in
the infection/inflammation group (2921.5; range 328.0-8955.0 1U/ml, SD 2044.2 1U/ml),
followed by malignancy (1425.0; range 322.0-4110.0, SD 1366.3 1U/ml), autoimmunity
(1103.5; range 0.0-2872.0 1U/ml, SD 807.0 IU/ml), and transplantation (787.0; range 142.0-
3070.0 1U/ml, SD 1065.3 1U/ml). The difference was statistically significant between the
infection/inflammation and autoimmunity groups (p<0.01) and between infection and
transplantation groups (p<0.05).

Level of sIL-2R above 2400 IU/ml was found in 9/10 patients with HLH (sensitivity of
analysis 90.0%) and 9/35 (25.8%) of patients who did not have HLH, yielding a specificity of
74.2%. Of the nine patients with high slL-2R and no HLH, five (55.6%) were in the
infection/inflammation group, three (33.3%) in the malignancy group, and one (11.1%) in the
transplantation group. Of the five children in the first group, one had culture-confirmed
staphylacoccal septicemia, while four had a febrile condition of unknown origin. Of these, one
was eventually diagnosed with multisystemic inflammatory syndrome (MIS-C) as a
consequence of COVID-19. All five of the aforementioned children fully recovered — three
with glucocorticoids with IVIG (with or without IgM enrichment), and one without any anti-
inflammatory treatment. Two of the three children with malignant disease (acute lymphoblastic
leukemia) died — one of febrile neutropenia and consequent septicemia, the other due to disease
progression. The third child recovered with glucocorticoids alone. The only patient with high
sIL-2R in the transplantation group had positive serological and virological findings for EBV

and was successfully treated.
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Fever, Splenomegaly and Cytopenias

Fever was present in all ten patients with HLH and 20/35 (57.1%) patients without HLH.
It was found in 16/18 (88.9%) children with infection/inflammation, 5/10 (50.0%) of children
with autoimmunity, 7/11 (63.6%) of those with malignancy, and 2/6 (33.3%) of those with
transplanted kidney. Among the patients with high sIL-2R and no HLH, 7/9 (77.8%) were
febrile.

An enlarged spleen was found in 6/10 (60.0%) of children with HLH and 12/35 (34.3%)
without HLH. In the infection/inflammation group, splenomegaly was present in 10/18
(55.6%); in the autoimmunity group, in 3/10 (30.0%); in_ the malignancy group, in 3/11
(27.3%); and in the transplantation group, in 1/6 (16.7%). The frequency of splenomegaly
among children with high sIL-2R and no HLH/was 6/9 (66.7%).

Bi- or pancytopenia existed in 7/10 (70.0%) patients with HLH and 16/35 (45.7%)
patients without HLH. In the subgroup of the latter with high sIL-2R levels, bi- or pancytopenia
was found in 4/9 (44.4%).children. Among patient groups, those with malignancy had the
highest frequency of bi/pancytopenia (8/11, 72.7%), followed by transplantation (4/6, 66.7%),

autoimmunity (4/10, 40.0%), and infection/inflammation (7/18, 38.9%).

Hemophagocytosis

Hemophagocytosis was observed in the bone marrow in 4/10 (40.0%) of children with
HLH and 1/35 (2.9%) without HLH. The child with hemophagocytosis did not have sIL-2R
level above the cutoff. All four patients with hemophagocytosis and HLH were in the
infection/inflammation group, while the patient with hemophagocytosis without HLH

belonged to the transplantation group.
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Fibrinogen and Triglycerides

Median fibrinogen level of children with HLH was 1.44 g/l (range 0.80-4.90 g/I, SD 1.41
g/l) and of those without HLH 3.60 (range 1.13-14.30 g¢/I, SD 3.08 ¢/I; p<0.01). Fibrinogen
was lowest in the infection/inflammation group (median 2.05; range 0.80-8.00 g/l, SD 1.97
g/l), followed by the autoimmunity (median 3.05 g/l; range 1.16-14.30 g/l, SD 4.49 g/l),
malignancy (median 3.96 g/l; range 1.13-14.00 g/l, SD 3.49 g/I) and transplantation (median
4.27 g/l; range 3.40-5.11 g/l, SD 0.67 g/l) groups. None of these differences were statistically
significant.

Median level of triglycerides was 3.07 mmol/I (range 1.60-9.14 mmol/l, SD 2.53 mmol/I
in children with HLH and 2.29 mmol/I (range 0.45-10:78 mmol/l, SD 2.45 mmol/l) in children
without HLH. This difference was not statistically significant. By group, the highest
triglyceride level was in the infection/inflammation group (median 3.15 mmol/I; range 0.86-
10.06 mmol/l, SD 2.74 mmol/l), followed by the autoimmunity (median 2.63 mmol/l; range
0.45-10.78 mmol/l, SD 3.17 mmol/l), transplantation (median 2.54 mmol/l; range 1.17-6.48
mmol/l, SD 1.92 mmol/l) and malignancy groups (median 1.99 mmol/l; range 0.63-3.20
mmol/I, SD.0.74 mmol/l). The only significant difference was between infection/inflammation
and malignancy groups (p<0.05).

In total, 8/10 (80.0%) children with HLH had hypofibrinogenemia and/or
hypertriglyceridemia, as did 28/35 (80.0%) children without HLH and 8/9 (88.9%) children

without HLH who had sIL-2R above 2400 1U/ml.

Ferritin
Serum ferritin level was above 500 ng/ml in 8/10 (80.0%) children with HLH and 26/35
(74.2%) children without HLH. In the subgroup of the latter with high sIL-2R,

hyperferritinemia was present in 7/9 (77.8%). Median level of ferritin in children with HLH
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was 1734.0 ng/ml (range 155.6-5001.0 ng/ml; SD 1825.2 ng/ml), compared to 1490.0 (range
34.2-7985.2 ng/ml; SD 2069.8 ng/ml) in children without HLH. This difference was not
statistically significant. The highest ferritin level was found in patients with malignancy
(median 2699.7 ng/ml; range 1351.9-5401.7 ng/ml, SD 1660.9 ng/ml), followed by
autoimmunity (median 1495.4 ng/ml; range 34.2-7378.7 ng/ml, SD 2311.8 ‘ng/ml),
transplantation (median 1296.8 ng/ml; range 295.8-3507.8 ng/ml, SD 1203.1 ng/ml), and
infection/inflammation (median 762.0 ng/ml; range 50.1-7985.2 ng/ml, SD 2094.0 ng/ml).
Statistically significant were the differences between infection/inflammation and malignancy

(p<0.01) and between malignancy and transplantation (p<0.05).

C-Reactive Protein

In patients with HLH, CRP levels were somewhat higher (median 87.2 mg/l; range 7.3-
196.9 mg/l, SD 74.5 mg/l) compared to patients without HLH (median 33.5; range 0.6-349.8
mg/l, SD 99.2 mg/l). However, this difference was not statistically significant. Highest CRP
levels were found in malignancy (median 150.6 mg/l; range 1.2-323.8 mg/I, SD 100.3 mg/l),
followed by infection/inflammation (median 53.5 mg/l; range 1.4-349.8 mg/l, SD 101.9 mg/l),
transplantation (median~14.2 mg/l; range 1.2-45.3 mg/l, SD 16.3 mg/l), and autoimmunity
(median 9.7 mg/l; range 0.6-171.0 mg/l, SD 60.7 mg/l). Statistical significance is reached
between autoimmunity and malignancy (p<0.05) and transplantation and malignancy (p<0.01).
Nine patients with high sIL-2R and no HLH had median CRP level of 58.7 mg/l (range 4.5-

349.8 mg/l, SD 109.7 mg/l). This was not significantly different from the HLH group.

Procalcitonin
Procalcitonin levels were available for only three of the ten HLH patients and were 0.47,

0.48 and 0.51 ng/ml, respectively (median 0.48 ng/ml, SD 0.02 ng/ml). Procalcitonin levels
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were also available for 19 patients without HLH (median 0.32 ng/ml; range 0.06-4.99 ng/ml,
SD 1.43 ng/ml). The highest median procalcitonin level was in children with malignancy (0.59
ng/ml; range 0.25-2.06 ng/ml, SD 0.75 ng/ml; N=8), followed by infection/inflammation (0.49
ng/ml; range 0.19-4.99 ng/ml, SD 2.13 ng/ml; N=7), transplantation (0.28 ng/ml; range 0.25-
0.32 ng/ml, SD 0.04 ng/ml; N=3) and autoimmunity (0.24 ng/ml; range 0.06-0.54 ng/ml, SD
0.20 ng/ml; N=4). None of these differences were statistically significant; however, this mainly

reflects small sample sizes.

Cerebrospinal Fluid Findings

Of children with HLH, 8/10 (80.0%) had normal cytological and biochemical CST
findings. Two children (20.0%) had a pathologic finding: one had leukocytosis with
predominance of lymphocytes (83%) and marked proteinorachia (1159.0 g/I), while the other
had moderate amounts of protein (0.4 g/l) with no cellular elements. Moderate leukocytosis
and proteinorachia were also found in 2/35 (5.7%) children without HLH, none of whom had

sIL-2R above 2400 IU/ml.

Transaminases

In total, 9/10 (90.0%) children with HLH and 17/35 (46.8%) children without HLH had
elevated serum levels of aspartate-aminotransferase (AST, above 36 U/I) and/or alanine-
aminotransferase (ALT, above 68 U/l). In children without HLH and sIL-2R>2400 1U/ml, 7/9
(77.8%) had elevated AST and/or ALT. This finding was present in 14/18 (77.8%) children in
the infection/inflammation group, 5/10 (50.0%) in the autoimmunity group, 7/11 (63.6%) in

the malignancy group, and 1/6 (16.7%) in the transplantation group.
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Blood Coagulation Defect

A prolonged APTT (>35 seconds) was found in 4/10 (40.0%) children with HLH and
5/30 (16.7%) children without HLH for whom this analysis was performed. In patients without
HLH who had sIL-2R above 2400 1U/ml, APTT was measured in 7 children and was prolonged
in 3 (42.8%). This abnormality was noted in 6/15 (40.0%) patients with infection/inflammation,
1/8 (12.5%) patients with autoimmunity, 2/11 (18.2%) patients with malignancy and none of

the six patients with a transplanted kidney.

DISCUSSION

Primary HLH was not diagnosed in our patient series. This may partly be due to the
unavailability of genetic testing in all patients but one. Notably, no sharp demarcation exists
between primary and secondary HLH, since primary. HLH is often initiated by an infection or
other trigger [5] and secondary HLH is often associated with a genetic predisposition [6].
Primary and secondary HLH are, however, quite distinct in their response to treatment and
prognosis: in the absence of timely diagnosis and hematopoietic stem cell transplantation,
patients with primary HLH may experience only a brief remission and their long-term
prognosis is dismal, while secondary HLH can be cured by immunosuppressive agents [7].
For the-purpose of this analysis, we decided to group patients according to the type of
underlying condition or trigger (infection/hyperinflammatory state, autoimmune disease, pre-
existing malignancy, organ transplantation). Most of our HLH patients belonged to the
infection/inflammation group. We chose to form such a heterogenous group because
causative agent or trigger is rarely identified. Of the 18 children in this group, only five had a
defined or probable infection. An infectious trigger was also present in three of the ten
patients with autoimmune disease, one of the eleven children with malignancies, and two of

the six children with transplanted kidney. Since all children suspected of HLH underwent
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extensive bacteriological, virusological, and (if necessary) parasitological and mycological
investigations, a small percentage of patients with an identified microbiological agent in our
series may be an additional sign of the magnitude of challenge faced by clinicians in the
attempt to uncover the trigger of secondary HLH.

Macrophage activation syndrome, a variant of HLH, most often accompanies systemic
juvenile idiopathic arthritis (sJIA) [8] and systemic lupus erythematosus (SLE) [9], but/can be
encountered in a wide range of autoimmune disorders [10]. The only child.in our series with
autoimmune disease who was diagnosed with HLH suffered from ANCA-positive systemic
vasculitis. The remaining patients (not diagnosed with HLH) in'this group had autoimmune
hemopathies (5), sJIA (2), SLE (1) and polymyositis/dermatomyositis (1). Since all received
immunosuppressive treatment, we cannot exclude the possibility that some of them — less
than five HLH-2004 criteria notwithstanding — really exhibited a sort of incomplete,
decapitated, or abortive form of MAS.

In children, as in adults, HLH can arise in various hematological malignancies [11, 12].
Although only one of eleven children with malignancies in this series was diagnosed with
HLH, additional three had sIL-2R level above 2400 1U/ml, two of whom even formally
satisfied HLH=2004 criteria. In this group, the main differential diagnostic problem is febrile
neutropenia due to malignancy itself and its treatment. Some children with malignancy
display a sort of inflammatory syndrome that may overlap with HLH, but responds promptly
to glucocorticoid treatment. In such children, measurement of plasma sIL-2R levels may aid
differential diagnosis. Diagnosis of HLH in pediatric oncology is in many ways a peculiar
diagnostic problem, necessitating a specific approach [13]. Finally, although none of our
patients with a transplanted organ had HLH, the investigation of sIL-2R in this group may be
additionally justified by the fact that rising sIL-2R levels could be a harbinger of transplant

rejection [14].
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In our patient series, measurement of sIL-2R alone (with the HLH-2004-prescribed
cutoff of 2400 1U/ml) displayed a sensitivity of 90.0% and specificity of 74.3% in the
diagnosis of HLH. True sensitivity could, however, be even higher, given that the only
patient with HLH and sIL-2R below the cutoff value was investigated early in the course of
the disease. The specificity observed in our series was also in broad agreement with
published data [15]. From the differential diagnostic perspective, the group of nine patients
who had sIL-2R above 2400 IU/ml and no HLH comes to attention. One child in this group
had Kawasaki disease and another had MIS-C, while four had an acute inflammatory
condition of unknown cause. This resonates well with literature data indicating that the
specificity of sIL-2R measurement in the diagnosis of HLH could be significantly improved
by the exclusion of patients with inflammatory conditions known to be accompanied by high
sIL-2R levels (such as Kawasaki disease, SIRS, MIS-C) [16, 17, 18]. MIS-C is documented
to be associated with extremely high plasma levels of proinflammatory cytokines, and
consequently very high levels of sIL-2R [19, 20]. Similar appears to be true of SIRS of any
etiology [21]. This is important because treatment of choice in these conditions significantly
differs from that of HLH: the above hyperinflammatory states respond well to intravenous
administration of immunoglobulins, with or without IgM enrichment [22].

Most often satisfied HLH-2004 criteria in our patients were febrility, cytopenias and
hyperferritinemia, and this confirms their importance in the triage of patients suspected to
have HLH. Hemophagocytosis was noted in the bone marrow in only four patients (40%),
which is by no means unusual [23], and in just one child without HLH, even though this
phenomenon may be encountered in a wide range of other conditions [24]. Notably, CRP
level does not appear to be of great assistance in the diagnosis of HLH. The same applies to
procalcitonin levels, APTT and CST findings. However, these tests are indispensable in the

vigilance for potential complications.
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Although the function of cytotoxic lymphocytes is intimately connected to the
pathogenesis of HLH, appropriate laboratory tests are not routinely performed in our
institution (or indeed available) at this moment. Thus, we were able to obtain data on cytotoxic
lymphocyte function in just three patients, all with normal findings. The inability to perform
this analysis places the treating physician into a difficult situation to diagnose HLH based on
five of seven, rather than five of eight criteria, potentially reducing the sensitivity, and to a
lesser degree also the specificity of analysis. Similarly, genetic analysis was performed in just
one child with HLH, uncovering two variants of undetermined significance in UNC13D gene.
This corresponds to secondary HLH arising upon variable genetic predisposition [25].
Although costly, extensive genetic testing of HLH patients could be expected to uncover such
predisposition in many more instances.

The cure rate of children with HLLH in our series (60.0%) is in broad agreement with
literature data [26]. Time elapsed before the diagnosis of HLH (median 2% weeks) may also
be considered acceptable, but it can — and should — be improved by timely and judiciously
performing appropriate laboratory tests, including plasma sIL-2R measurement and cytotoxic

lymphocyte functional analyses.

CONCLUSION
Soluble IL-2 receptor measurement is valuable in children suspected to have HLH.
Sensitivity and specificity of this analysis can be further improved by strict patient selection

and a comprehensive diagnostic approach.
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