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Langerhans cell Objective: Langerhans cell histiocytosis (LCH) is a rare myeloid neoplasm with inflammatory
histiocytosis; characteristics. This study aims to investigate the correlation between sCD25 levels and clinical
sCD25; characteristics, as well as prognosis, in pediatric LCH.

Prognosis; Methods: Serum sCD25 levels were measured in 370 LCH patients under 18 years old using ELISA
Relapse assays. The patients were divided into two cohorts based on different treatment regimens. We

further assessed the predictive value for the prognosis impact of sCD25 in a test cohort, which
was validated in the independent validation cohort.

Results: The median serum sCD25 level at diagnosis was 3908 pg/ml (range: 231—44 000pg/ml).
sCD25 level was significantly higher in multi-system and risk organ positive (MS RO") LCH patients
compared to single-system(SS) LCH patients (p < 0.001). Patients with elevated sCD25 were
more likely to have involvement of risk organs, skin, lung, lymph nodes, or pituitary (all
p < 0.05). sCD25 level could predict LCH progression and relapse, with an area under the ROC
curve of 60.6 %. The optimal cutoff value was determined at 2921 pg/ml. Patients in the high-
sCD25 group had significantly worse progression-free survival compared to those in the low-
sCD25 group (p < 0.05).

Conclusion: Elevated serum sCD25 level at initial diagnosis was associated with high-risk clinical
features and worse prognosis. sCD25 level can predict the progression/recurrence of LCH following
first-line chemotherapy.
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Introduction

Langerhans cell histiocytosis (LCH) is the most common histio-
cytic disorder, encompassing a broad range of clinical manifes-
tations and outcomes, from self-limited lesions to life-
threatening disseminated disease.”” Over the past decade,
recurrent somatic activating gene mutations in the mitogen-
activated protein kinase (MAPK) pathway have been identified
in approximately 85 % of LCH lesions.>* Further research has
defined LCH as an inflammatory myeloid neoplasia, with the
extent of disease corresponding to the cell of origin in which
activating mutations arise.” LCH lesions contain Langerhans
cells (CD1a*/CD207* dendritic cells) alongside a prominent
inflammatory infiltrate of various immune cells (T cells, mac-
rophages, eosinophils, neutrophils, and natural killer cells,
etc.), which also contribute to aspects of pathogenesis.®’
These infiltrating cells produce large amounts of pro-inflam-
matory cytokines and chemokines, creating a lesional cytokine
storm.® Several studies have shown that increased serum lev-
els of cytokines and chemokines, such as IL-6, IL-10, IL-18 and
TNF-a, were associated with the disease extent or the muta-
tion status in LCH.> "

Soluble CD25 (sCD25), a soluble form of the «-subunit of
the interleukin-2 receptor (IL-2Rx), is generated exclusively
by the proteolytic cleavage of the membrane-bound IL-2Re,
and its concentration is thought to reflect the immune
activation during infection or inflammation.’? Elevated serum
sCD25 has been detected in autoimmune inflammatory dis-
eases, cancers, and infectious disorders, and it has been used
as a biomarker of disease progression and prognosis.’* ¢ Sev-
eral studies have observed that pre-treatment sCD25 level
was higher in LCH patients compared to healthy controls, and
it significantly correlated with disease extent and survival of
LCH."” However, the clinical relevance and prognostic impact
of sCD25 have not been fully clarified in pediatric LCH. In the
present study, we retrospectively evaluated the correlation
between sCD25 level and clinical-biological characteristics in
pediatric LCH patients. We further assessed the predictive
value for progression/relapse and prognosis impact of sCD25
in a test cohort, which was validated in an independent vali-
dation cohort.

Material and methods
Patients and cohorts

A total of 469 consecutive patients with newly diagnosed
LCH (age < 18 years) were admitted to the center from Jan-
uary 1, 2017, to December 31, 2021. Of these, 370 patients
with successfully determined sCD25 at the time of diagnosis
were eligible for analysis in the study. Ninety-nine patients
without sCD25 assessments were excluded. Subsequently,
359 patients who received first-line therapy were further
analyzed with prognostic significance, leaving out 11
patients who directly received BRAF inhibitor dabrafenib
treatment. We divided the 359 patients into two groups
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based on the year of enrollment: the test cohort comprised
146 patients enrolled in BCH-LCH 2014 clinical trial (www.
chictr.org.cn, identifier: ChiCTR2000030457) between 2017
and 2018, while the validation cohort included 213 patients
entered CCHG-LCH-2019 (www.chictr.org.cn,
ChiCTR1900025783) between 2019 and 2021. A flow diagram
for patient inclusion and the study cohorts is displayed in
Supplementary Figure S1.

The diagnosis of LCH was confirmed through histological
examination and CD1a and CD207 immunostaining. The follow-
ing characteristics were collected from the electronic medical
record system and LCH disease database for each patient:
demographic information, clinical and biological characteris-
tics, examinations, treatment details, and follow-up data.

This study was approved by the Beijing Children’s Hospital
Ethics Committee and was conducted in accordance with the
Declaration of Helsinki. Informed consents were obtained
from the guardians of the patients.

Therapeutic regimen

Based on the number of involved organs/systems, LCH was
categorized into two types: single-system (SS-LCH), which
includes unifocal or multifocal involvement and multi-sys-
tem (MS-LCH), which involves two or more organs/systems
involvements. MS-LCH was further classified as risk organ
(RO) positive (liver, spleen, and/or hematopoietic system)
or negative based on the extent of LCH."®

Most of the enrolled patients received the standard first-
line chemotherapy based on the LCH-IIl protocols.’ Briefly,
the first-line therapy consisted of one or two six-week
courses of initial induction therapy (vindesine-steroid combi-
nation) followed by maintenance therapy (vindesine, predni-
sone, with or without 6-mercaptopurine). Patients with
involvement of non-central nervous system risk bones who
responded well to the initial treatment were given six
months of chemotherapy, while others received 12 months of
overall treatment. The BRAF inhibitor dabrafenib was admin-
istered directly to BRAF-V600E-mutated MS-LCH patients who
were under two years old or unable to endure the standard
chemotherapy.”’ Treatment responses were assessed accord-
ing to the International LCH Study Group criteria.”""®

Measurement of serum sCD25 and cytokine levels

Peripheral blood samples were collected from LCH patients at the
time of initial diagnosis and one week after treatment in available
patients. Serum samples were separated by centrifugation at
1000 g for 20 minutes within four hours of blood collection. Proc-
essed samples were either immediately analyzed or stored at —80
°C until use. Serum levels of sCD25 were measured in duplicate
using a specific Enzyme-linked immunosorbent assay (ELISA; Kind-
star Globalgene Technology Inc.). Serum cytokine levels of inter-
feron-y (IFN-y), tumor necrosis factor o (TNF-«), IL-10, IL-6, IL-4
and IL-2 were determined by Cytometric Bead Array (Human Th1/
Th2 Cytokine Kit Il, BD Biosciences), as described previously.”'
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Detection of BRAF-V600E mutation in lesions and
CfDNA

We performed targeted DNA sequencing to detect mutations
in LCH lesions using a customized genes panel (Supplemen-
tary Table S1) that covers 229 genes involved in MAPK, PI3K,
or Jak/STAT pathways, Epithelial-mesenchymal transition,
cell cycle, cell proliferation, apoptosis, cell adhesion/migra-
tion, and transcriptional regulation (MyGenostics Inc.).?” We
determined BRAF-V600E levels in plasma cell-free (cf) DNA
using the QX200TM System Droplet Digital PCR (ddPCR) Sys-
tem (Bio-Rad, Hercules, CA), as described previously.?

Statistical analysis

Differences between groups were tested using the Krus-
kal—Wallis or Mann—Whitney U test for quantitative varia-
bles and Fisher’s exact test for qualitative variables.
Spearman’s correlation test was used to determine the rela-
tionships. Receiver operating characteristic (ROC) curves
were plotted to assess the efficacy of significant parameters
and the optimal cutoff value was determined using the maxi-
mum Youden’s index. A Bayesian formula was applied to ana-
lyze the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of the cutoff
value. Progression-free survival (PFS) was estimated from
the date of initial treatment until the date of one of the fol-
lowing events: progression, relapse, or death, whichever
occurred first. The patients without events were censored
at the date of the last contact. Univariate analysis for sur-
vival was performed using Cox regression to estimate the
hazard ratio (HR). All risk factors with p < 0.05 in the univar-
iate analysis were included as covariates in the Cox regres-
sion for multivariate analysis. A significant difference was
defined as p < 0.05. Data were analyzed using SPSS 26.0
(IBM Corp, NY, USA) and R software (Version 4.2.1;
R Foundation for Statistical Computing, Vienna, Austria).
The cut-off date for follow-up was December 31, 2023.

Results
Clinical characteristics of LCH patients

The clinical characteristics of enrolled patients are shown in
Table 1. The median age at diagnosis of LCH was 3.1 years.
The ratio of boys to girls was about 1.6. Of the patients,
60.5 % of patients were SS LCH, 25.7 % had MS RO~ LCH, and
13.8 % had MS RO™ LCH. BRAF-V600E was the most common
mutation, followed by MAP2K1 and BRAF other mutations.

A comparison of the test and validation cohort revealed
no significant differences in most baseline characteristics,
except for age, bone or skin involvements, and frequency of
mutations. Eleven patients with BRAF-V600E mutations
received dabrafenib treatment directly; seven were MS RO*
and four were MSRO ™.

The 3-year PFS was 61.7 % + 2.6 % for the entire cohort,
with a median follow-up time of 33.4 months. Only one
patient died of cirrhosis after treatment. The estimated
median PFS time for the test and validation cohorts was 50.0
months and 42.7 months, respectively. Among the eleven
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patients treated with dabrafenib, six discontinued dabrafe-
nib and four of them relapsed.

Serum sCD25 levels and clinical extent of LCH
disease

The overall median serum level of sCD25 was 3908 pg/ml
(ranging from 231 to 44,000 pg/ml). Levels of sCD25 did not
differ significantly between the test and validation cohorts,
with medians were 3067 and 4097 pg/ml, respectively
(P = 0.058). sCD25 levels were higher in the dabrafenib
group than in either the test or validation cohorts (median:
15,586 pg/ml for the dabrafenib group; both p < 0.001;
Figure 1A). Patients younger than age two years had higher
levels of sCD25 than those older than two years (Figure 1B).
There was a significant difference in sCD25 levels across the
three disease extents categories, with the highest in MS RO*
and the lowest in SS LCH (medians: 13,530 pg/ml for MS RO",
4912 pg/ml for MS, 2979 pg/ml for SS, p < 0.001; Figure 1C).
Elevated sCD25 levels were associated with the involve-
ments of risk organs, skin, lung, lymph nodes, or pituitary
(all p < 0.05; Supplementary Figure S2). Intriguingly, sCD25
levels were significantly higher in patients without bone
involvement than in those with bone involvement
(p = 0.0019). Notably, MS RO" patients with macrophage
activation syndrome-Hemophagocytic lymphohistiocytosis
(MAS-HLH) had higher sCD25 than RO" patients without this
syndrome (p < 0.001). sCD25 levels did not differ signifi-
cantly among patients carrying BRAF-V600E, MAP2K1 or
BRAF-other mutations (Figure 1E). Patients with positive
cfBRAF-V600E mutations had significantly higher sCD25 lev-
els (p < 0.001, Figure 1F).

Furthermore, We found there was only a mild correlation
between serum levels of sCD25 and several other cytokines.
sCD25 positively correlated with IL-10 (Spearman’s p = 0.22,
p < 0.001) and IFN-y (p = 0.20, p < 0.001), but negatively
related to TNF-a (p = —0.15, p = 0.003). No correlation was
observed between sCD25 levels and IL-6, IL-4, or IL-2 (all p
values < 0.05; Figure 1G).

Prognostic significance of sCD25 levels at diagnosis

To assess the predictive abilities of sCD25 levels for LCH
prognosis, we performed ROC curve analysis on 146 patients
treated with the first-line treatment from the test cohort.
The results revealed that sCD25 could efficiently predict
LCH progression and relapse after standard first-line treat-
ment, with an area under the curve (AUC) 0.606 (95 % Cl:
0.512-0.701, p = 0.028; Figure 2A). An optimal cutoff value
for sCD25 was determined to be 2921 pg/ml, with a sensitiv-
ity, specificity, PPV, and NPV of 66.2 %, 58.0 %, 55.8 %, and
68.1 %, respectively. According to the optimal cutoff sCD25
value, the authors divided the test cohort into the high-
sCD25 group (> 2921 pg/ml; n = 77) and a low-sCD25 group
(< 2921 pg/ml; n = 69). Patients in the high-sCD25 group had
significantly worse PFS than those in the low-sCD25 group (5-
year PFS were 40.4 % + 5.8 % and 68.1 % + 5.6 %, respec-
tively, p < 0.001; Figure 2B).

We then used univariate analysis to study the effects of
baseline characteristics on the PFS of LCH (Supplementary
Table S2). The HR for high levels of sCD25 in the test cohort
was 2.594 (p < 0.001). We also revealed prognostic
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Table 1 Clinical characteristics of enrolled patients with Langerhans cell histiocytosis.

Variables n (%) Patients with dabrafenib Test cohort Validation cohort P-values®
Total patients 370 11 146 213
Gender
Male 230 (62.2) 5 (45.5) 88 (60.3) 137 (64.3) 0.439
Female 140 (37.8) 6 (54.5) 58 (39.7) 76 (35.7)
Age (years)
Median (age) 3.1(0.1-15.1) 0.7 (0.1-2.1) 2.6 (0.1-11.6) 4.4(0.1-15.1) < 0.001
>2 245 (66.2) 1(9.1) 86 (58.9) 158 (74.2) 0.003
<2 125 (33.8) 10 (90.9) 60 (41.1) 55 (25.8)
Disease extents
SS 224 (60.5) 0(0) 84 (57.5) 140 (65.7) 0.106
MSRO™ 95 (25.7) 4 (36.4) 38 (26.0) 53 (24.9)
MS RO* 51 (13.8) 7 (63.6) 24 (16.4) 29 (9.4)
Involvement
Bone
No 32 (8.6) 6 (54.5) 18 (12.3) 8(3.8) 0.003
Yes 338 (91.4) 5 (45.5) 128 (87.7) 205 (96.2)
Skin
No 296 (80) 0(0) 110 (75.3) 186 (87.3) 0.005
Yes 74 (20) 11 (100) 36 (24.7) 27 (12.7)
Liver
No 327 (88.4) 5 (45.5) 125 (85.6) 197 (92.5) 0.051
Yes 43 (11.6) 6 (54.5) 21 (14.4) 16 (7.5)
Spleen
No 343 (92.7) 6 (54.5) 133 (91.1) 204 (95.8) 0.077
Yes 27 (7.3) 5 (45.5) 13 (8.9) 9 (4.2)
Hematologic
No 344 (93.0) 6 (54.5) 135 (92.5) 203 (95.3) 0.264
Yes 26 (7.0) 5 (45.5) 11 (7.5) 10 (4.7)
Lung
No 311 (84.1) 6 (54.5) 120 (82.2) 185 (86.9) 0.233
Yes 59 (15.9) 5 (45.5) 26 (17.8) 28 (13.1)
Lymph node
No 329 (88.9) 9 (81.8) 131 (89.7) 189 (88.7) 0.864
Yes 41 (11.1) 2 (18.2) 15 (10.3) 24 (11.3)
Pituitary
No 350 (98.6) 7 (63.6) 138 (94.5) 205 (96.2) 0.447
Yes 20 (5.4) 4 (36.4) 8 (5.5) 8 (3.8)
Ear
No 347 (93.8) 11 (100) 134 (91.8) 202 (94.8) 0.276
Yes 23 (6.2) 0(0) 12 (8.2) 11 (5.2)
Eye
No 359 (97.0) 11 (100) 142 (97.3) 206 (96.7) 1.000
Yes 11 (3.0) 0 (0) 4(2.7) 7 (3.3)
MAPK pathway gene mutations in tissue lesions
Evaluable patients 311 11 105 195
BRAF-V600E 172 (55.3) 11 (100) 62 (59.0) 99 (50.8) < 0.001
MAP2K1 56 (18.0) 0(0) 6 (5.7) 50 (25.6)
BRAF-others 29 (9.3) 0(0) 9 (8.6) 20 (10.3)
Others 54 (17.4) 0(0) 28 (26.7) 26 (13.3)
BRAF-V600E in plasma cell-free DNA
Evaluable patients 313 10 119 184
Negative 209 (66.8) 0(0) 72 (60.5) 137 (74.5) 0.011
Positive 104 (33.2) 10 (100) 47 (39.5) 47 (25.5)

& Pvalues for comparisons between the test cohort and the validation cohort.
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Figure 1  Comparison of serum levels of sCD25 at diagnosis in pediatric Langerhans cell histiocytosis according to clinical-biological

characteristics. (A) Patient cohorts. (B) Age. (C) Gender. (D) Disease extents. (E) Gene mutations in tissue lesions. (F) cell-free
BRAF-V600E mutations in plasma. (G) Correlation between sCD25 with other cytokines.

indicators significantly associated with clinical-biological
features, including patients diagnosed before the age of
2 years (HR = 1.839, p 0.014), multisystem disease
(HR 2.930, p < 0.001), RO involved (HR 4,653,
p < 0.001), the involvements of skin (HR =2.209, p = 0.003),
lung (HR = 2.314, p = 0.004) and ear (HR = 2.577, p = 0.013).
In patients assessable for BRAF status, the presence of
BRAF-V600E in tissue lesion or plasma was associated with a
worse prognosis and increased risk of recurrence/progres-
sion; the HRs were 1.973 (p = 0.029) and 3.137 (p < 0.001),
respectively.

Clinical characteristics associated with an increased
prognostic risk in univariate analysis (p < 0.05) and sCD25
levels grouping were subjected to multivariate Cox regres-
sion analysis to identify independent prognostic factors.
BRAF-V600E mutation status was not included in the multi-
variate analysis due to missing data for about one-third of
the patients. According to the multivariate analysis, multi-
system disease, RO involvements, and high levels of sCD25
were confirmed as independent prognostic factors for PFS
in LCH patients (Figure 2C). Patients with high sCD25 levels
had an increased risk of progression or relapse compared to
those with low sCD25 levels (HR = 2.577, p = 0.003). RO
involvement was found to be the strongest independent
poor prognostic factor (HR =4.905, p < 0.001).

Furthermore, we validated the prognosis impact of sCD25
levels in the independent validation cohort. When the 213
treated LCH patients in the validation cohort were assigned

198

into the two subgroups based on the cut-off level of sCD25
(2921 pg/ml), analysis of survivals also showed poorer PFS in
the high-sCD25 group compared to the low-sCD25 group (3-
year PFS was 60.4% + 4.3 % and 75.8 % + 5.3 %, respectively;
p =0.023; Figure 2D). The HR for high-sCD25 patients in the
validation cohort was 1.891 (p = 0.025).

Prevalence of sCD25 grouping among patients
according to clinical features

Grouping of CD25 levels according to the cut-off values was
related to patient clinical and biological characteristics
(Supplementary Figure S3). High sCD25 level was more prev-
alent in patients younger than two years of age or with RO
involvement. Patients in the high-sCD25 group had more
multisystem involvements and were more likely to have
involvement of skin, lung, or lymph nodes. The frequency of
sCD25 subgroups did not significantly differ among BRAF or
MAP2K1 gene subtypes, but high sCD25 level was closely
associated with the positivity of cfBRAF-V600E in plasma.

Significance of sCD25 in subgroups

We analyzed the prognostic significance of sCD25 levels in
the three disease extent category subgroups. However, the
results of ROC analysis were not statistically significant in
each subgroup of both cohorts (Supplementary Table S3),
which may be due to the relatively small number of cases in
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Prognostic significance of serum sCD25 levels at diagnosis in pediatric Langerhans cell histiocytosis (LCH). (A) ROC curve of

sCD25 levels for progression and relapse. (B) Comparison of progression-free survival (PFS) for patients in high-sCD25 (> 2921 pg/ml)
and low-sCD25 group (< 2921 pg/ml) in test cohort. (C) Forest map of multivariate analysis of prognostic risk factors in test cohort.
(D) Kaplan—Meier survival curve of patients with high-sCD25 and low-sCD25 in the validation cohort.

each subgroup and the uneven distribution of events. We
attempted to set specific sCD25 thresholds for each patient
subgroup in the test cohort using maximum Youden’s index.
The cut-off value was higher for MS RO* LCH compared to MS
RO~or SS LCH. The univariate analysis showed that MS RO*
patients with high sCD25 levels (> 4874pg/ml) had a signifi-
cantly increased risk of recurrence/progression (HR= 8.731,
p = 0.039). However, these differences were insignificant in
the validation cohort. A larger sample of cases is needed to
draw a definitive conclusion.

Risk scoring model
We developed a risk-scoring model that integrates sCD25

levels and other clinical risk factors from the Cox regression
analysis of the test cohort. A nomogram was constructed
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based on the model (Figure 3), with a C-index of 0.708 (95 %
Cl:0.673-0.742), confirming its prognostic predictive power.
We validated the nomogram in the validation cohort, where
the C-index was 0.764 (95 % Cl: 0.734—0.795).

Discussion

This study investigated the association between sCD25 levels
and the clinical characteristics and prognosis of pediatric
LCH, demonstrating that the higher levels of sCD25 were
associated with the high-risk features and inferior outcomes
of LCH.

LCH exhibits characteristics of both neoplasia and
immune activation, with inflammation playing a vital role in
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Figure 3 A nomogram from the risk scoring model that inte-
grates sCD25 levels and other clinical risk factors.

its pathophysiology.? LCH lesions are accompanied by a
diverse inflammatory infiltrate, enriching dysfunctional T
cells.” The IL-2 pathway plays a crucial role in regulating
the immune response, and sCD25, a component of the IL-2
receptor, is shed during immune activation that serves as a
marker of T cell activation.?®?” Elevated sCD25 was previ-
ously reported in LCH patients before treatment and corre-
lated with disease extent.”® The present finding showed that
sCD25 levels were significantly higher in patients with multi-
system disease and RO involvements, in agreement with the
above reports. Moreover, we demonstrated that the higher
sCD25 levels at baseline were closely associated with other
high-risk features, including younger age and involvements
of skin, lung, or lymph nodes. Increased sCD25 also corre-
lated with the positivity of cfBRAF-V600E in plasma, which
has been linked to inferior prognosis. Notably, the data
showed remarkably elevated sCD25 levels in LCH patients
with MAS-HLH, a life-threatening condition characterized by
the over-activation of T cells and macrophages, leading to
excessive production of inflammatory cytokines, cytopenias,
hepatosplenomegaly, and many other manifestations.?’
sCD25 is mainly produced by activated T cells, indicating up-
regulated levels of sCD25 in LCH patients who had activated
Tcell proliferation.

Advances in risk-stratified treatment and the application
of targeted therapies have significantly improved the overall
survival of LCH patients. However, refractory or recurrent
diseases remains a major challenge in further improving
prognosis, with approximately one-third of patients relaps-
ing after discontinuation of therapy.'®*° The present study
demonstrates that the high sCD25 levels at diagnosis inde-
pendently predict inferior PFS in patients receiving first-line
chemotherapy, presenting cut-off values, sensitivity, speci-
ficity, and accuracy. sCD25 levels > 2921 pg/ml were found
to have an independent predictive impact (hazard ratio:
2.577) in the test cohort, which was confirmed in the inde-
pendent validation cohort. Due to inter-laboratory devia-
tions, the optimal cut-off for sCD25 varied among different
laboratories based on their specific reference values. In par-
ticular, measurements should be standardized to minimize
inter-laboratory variability.
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Conclusion

The present results demonstrated that elevated serum
sCD25 at diagnosis in pediatric LCH patients was associated
with high-risk clinical features and worse prognosis. The
data revealed that baseline sCD25 levels had predictive
value for progression/recurrence of LCH following treat-
ment with first-line chemotherapy. These findings highlight
the need for prospective, independent validation in larger
patient cohorts to confirm the predictive utility and better
define the potential clinical utility. Exploration of such
inflammatory biomarkers is valuable in elucidating the role
of inflammation in LCH disease pathogenesis and progres-
sion, further refining clinical stratification, and developing
new therapeutic targets.
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