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Abstract

ing unifocal LCH in adults in the molecular era.

Background Langerhans cell histiocytosis (LCH) is a rare highly heterogeneous histiocytosis, which can be divided
into single system and multiple system disease according to site of involvement. There is a paucity of studies examin-

Results We retrospectively analysed records from 70 patients with unifocal LCH. The median age at diagnosis

was 36 years (18-69). The most common organ involved was the bone (70.0%), followed by pituitary gland (7.1%).
Target gene sequencing of lesion tissues was performed on 32 of the 70 patients. MAPK/PI3K pathway alterations
were observed in 78.1% of the patients; the most common mutations included BRAF% (28.1%), MAP2K1 (18.8%)
and PIK3CA (9.4%). After a median follow-up time of 39.4 months (0.7-211.8), 10 (14.3%) patients developed disease
progression, of whom 4 had local recurrence, 2 progressed to single-system multifocal and 4 progressed to multiple
system LCH. The 3-year progression-free survival (PFS) was 81.9%. Univariate analysis showed that age <30 years

at diagnosis was associated with worse 3-year PFS (52.2% vs. 97.0%, p=0.005). The 3-year overall survival was 100%.

Conclusions In our large cohort of adults with unifocal LCH, we found that prognosis of unifocal LCH in adults
was very good, and age < 30 years at diagnosis was associated with increased relapse risk.
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Background

Langerhans cell histiocytosis (LCH) is a rare type of his-
tiocytosis that has marked clinical heterogeneity [1]. The
incidence rate for LCH in adult is approximately 1-2
cases per million [2]. LCH can be divided into unifocal,
single-system pulmonary, single system multifocal (SS-
M) and multisystem (MS) disease according to the site of
involvement [3]. The involved organs mainly include the
bone, pituitary gland, lung, skin, thyroid gland, lymph
nodes, liver, spleen and bone marrow, among which the
liver, spleen and bone marrow are considered the risk
organs [4]. The BRAF"®"F mutation was first reported
in 57% of LCH samples in 2010, which solidified the
notion that LCH was a clonal neoplasm [5]. Since then,
other gene mutations, including MAP2K1 and MAP3KI,
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have been found as well [6]. Our previous study showed
that although BRAF or MAP2KI alterations were pre-
sent in nearly 90% of adults with LCH, unlike in pediat-
ric patients, BRAF"*"F occurred in only 31.5% of adult
LCH patients, while BRAF"%! was identified in 28.8% of
patients [7]. These results indicate that the pathophysiol-
ogy may be different between pediatric and adult LCH.
Given the biologic differences, we cannot extrapolate
data from pediatric studies. The definition of unifocal is
a solitary lesion involving any organ [3]. There are cur-
rently very few studies examining single-system unifo-
cal LCH in adults. One of the largest contemporary case
studies included 44 patients and showed that the progno-
sis for this disease subtype was excellent [8]; however, the
mutational status of the patients was not reported in that
study. The objective of this single-centre retrospective
study was to describe the clinical features, somatic altera-
tions, treatments, and prognosis of adults with unifocal
LCH.

Methods

Patients

This retrospective study included adult patients diag-
nosed with unifocal LCH at Peking Union Medical Col-
lege Hospital (Beijing, China) from September 2001 to
December 2022. We included patients >18 years old
with biopsy proven unifocal LCH in this analysis. Isolated
pulmonary LCH was excluded. The histological find-
ings were consistent with LCH on the basis of the World
Health Organization classification of hematopoietic neo-
plasms [9]. All patients underwent full body 18F-fluoro-
deoxyglucose positron emission tomography (FDG-PET)
and/or full body computed tomography (CT) to exclude
involvement of other organs. Full body FDG-PET and
CT usually did not include the brain, but patients with
pituitary involvement all have had cerebral MRI. Patients
were regular followed up every 6 months. For asympto-
matic patients, a total body CT examination was required
at least once a year. The study was conducted in accord-
ance with the ethical standards of the 1964 Declaration
of Helsinki and its subsequent amendments. The study
was approved by the Ethics Committee of Peking Union
Medical College Hospital.

Data collection

In this study, patient demographics, disease character-
istics and treatments were collected through electronic
medical records. Demographic information included the
gender of the patient and age at diagnosis. Disease char-
acteristics included affected organs, clinical manifesta-
tions, laboratory examination including complete blood
count, liver function tests. Radiological data, including
thoracic, abdominal and pelvic CT, cerebral magnetic
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resonance imaging (MRI), radionuclide bone scans or
FDG-PET, were collected. Genetic testing via targeted
sequencing of 183 genes (Additional file 1: Table S1) was
performed when sufficient DNA could be extracted from
formalin-fixed paraffin-embedded (FFPE) lesion biopsy
samples, as previously described [7].

Treatment

This study retrospectively collected the first-line treat-
ment for all patients. The initial treatment included local
or systemic therapy. Local therapy included surgery and
radiation therapy, and systemic therapy included chemo-
therapy such as methotrexate combined with cytarabine
(MA) [10], vindesine and prednisone (VP)-based regi-
mens [11] and cytarabine monotherapy.

Patient outcomes

Patient outcomes were collected by clinical follow-up
and telephone follow-up, and the last follow-up was on
December 31, 2022. If the patient was not contacted at
the last follow-up, we analysed the patients’ conditions
between diagnosis and the last follow-up record. Pro-
gression-free survival (PFS) was defined as the duration
from diagnosis of LCH to the date of disease progression
or death from any cause or last follow-up for patients
with no recorded date of progression or death, with cen-
soring for cases that were lost to follow-up. Overall sur-
vival (OS) was defined as the duration from the diagnosis
of LCH to the date of death from any cause.

Statistical analysis

All statistical analyses were performed using SPSS 25.0
statistical software (SPSS Inc., Chicago, Illinois, USA).
Descriptive statistics were used to summarize the demo-
graphic profile and disease characteristics of the patients.
Fisher’s exact test was used to compare categorical vari-
ables, and the Mann—Whitney test was used to com-
pare continuous variables. PFS and OS were estimated
based on Kaplan-Meier method. Univariate analysis
Cox regression model was used to estimate OS and
PES-related factors. p<0.05 was considered statistically
significant.

Results

Demographics and disease characteristics

We included 70 patients in the study, including 42 males
(60%) and 28 females (40%), with a 1.5:1 male to female
ratio. The median age at diagnosis was 36 years (18—69),
and the median duration from symptom onset to diagno-
sis was 2.0 months (0-50.0). The proportion of patients
who underwent full body CT scans at diagnosis was
84.3% (n=59), and FDG-PET was 51.4% (n=36), and
MRI brain was 27.1% (n=19). All the patients underwent
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at least one full body radiological examination. Among
the entire cohort, 68 patients (97.1%) had clinical mani-
festations leading to diagnosis (Fig. 1). The most common
clinical manifestations were bone pain, accounting for
41.4% (n=29), followed by nonspecific soft tissue masses
8.6% (n=6), diabetes insipidus 7.1% (n=5) and lymph
node enlargement 7.1% (n=5). Three patients had ano-
rexia (4.3%). Gonadal dysfunction and weight loss were
present in two (2.9%) patients each. Fever, rash, jaundice,
and hearing impairment were found in one (1.4%) patient
each. The most commonly affected organs were the bone,
accounting for 70.0% (n=49), followed by pituitary gland
7.1% (n=>5), lymph nodes 5.7% (n=4), skin 4.3% (n=3),
liver 4.3% (n=3) and thyroid 1.4% (n=1). Other affected
organs included eyelid, submandibular gland, parotid
gland, digestive tract and epidural mass in one case
each (Table 1). It is worth mentioning that we described
three patients with unifocal liver involvement, and their
liver enzymes were as follows: alanine aminotransferase
(ALT) range 22-82 U/L, aspartate transaminase (AST)
range 21-64 U/L, alkaline phosphatase (ALP) range
112-260 U/L, y-glutamyl transpeptidase (GGT) range
75—-335 U/L, total bilirubin and direct bilirubin were
normal.

Past and family medical history

Of the 70 patients, two had a history of previous can-
cer. One patient with skin involvement LCH had thyroid
cancer that had been surgically removed before the diag-
nosis of LCH. Lung adenocarcinoma was found in one
patient at the time of diagnosis of bone-involved LCH.
Twenty-five patients (35.7%) had a smoking history, and
the median smoking index was 8.1 pack-years (2.4-75.0).

hearing impairment
jaundice

rash

fever

weight loss

gonadal dysfunction
anorexia

lymph nodes enlargement
diabetes insipidus
nonspecific soft tissue masses
bone pain

0.0% 5.0%
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Table 1 Demographics and clinical characteristics of adult
patients with unifocal LCH

Characteristic

Sex
Male, n (%)
Female, n (%)

42 (60.0)
28 (40.0)
36 (18-69)
2.0(0-50.0)

Age at diagnosis, years, median (range)
Time from onset to diagnosis, months, median (range)
Clinical manifestations
Yes, n (%)
No, n (%)
Organ involvement
Bone, n (%) 4
Pituitary, n (%)
Lymph nodes, n (%)
Skin, n (%)
Liver, n (%)
Thyroid, n (%)
Eyelid, n (%)
Submandibular gland, n (%)
Parotid gland, n (%)
Digestive tract, n (%)

68(97.1)
2(29)

- s 4 s s . W W A~ ;o

Epidural mass, n (%)

None of the patients had a family history of LCH or other
histiocytic tumours.

Genomic profiling

Target gene sequencing of lesion tissues was performed
on 32 of the 70 patients (Additional file 1: Table S2).
Five patients had no mutations, including two bone, one

10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0%

Fig. 1 Percentage of clinical manifestations of adult patients with unifocal LCH
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lymph node, one skin and one liver involvement. MAPK/
PI3K pathway alterations were present in 78.1% of the
patients (n=25). The frequencies of BRAF"%%°F mutation,
MAP2K1 mutation and PIK3CA mutation were 28.1%
(n=9), 18.8% (n=6) and 9.4% (n=3), respectively. KRAS
mutations were detected in two patients (6.3%), NRAS
in two (6.3%), and PIK3CD in one (3.1%). None of the
patients had the BRAF"%!, In addition to the BRAF'6F
mutation, other BRAF mutations were also detected,
including BRAF"®%P,  BRAF*°E,  BRAFUIK  and
BRAF™*! in one patient each (3.1%) (Fig. 2). BRAF'¢F
mutations and MAP2KI1 mutations were not associated
with the type of organ involved.

Treatments

The initial treatment for the cohort is illustrated in a
flow diagram in Fig. 3. One of the three patients with
isolated liver involvement had not yet begun treatment
at the time of last follow-up. Forty-one patients (58.6%)
received surgical resection for first-line treatment.
Because the surgical resection was not complete, two
patients received postoperative radiation therapy, and
two patients received postoperative VP-based chemo-
therapy. Eleven patients (15.7%) received radiation,
and one patient received VP-based chemotherapy after
radiotherapy to consolidate the treatment effect. Seven
patients (10.0%) received systemic therapy, including MA
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for three patients, cytarabine monotherapy (100 mg/m?
subcutaneous injection, dayl-5 every month, 12 months)
for three patients, and VP-based therapy for one patient.
Only 10 patients (14.3%) were observed. In addition to
the patient who had not yet begun treatment, two of the
three patients with liver involvement were treated with
a cytarabine monotherapy regimen, and both achieved
complete response.

Prognosis

Of the 70 patients, one patient was lost to follow-up,
and follow-up data were available for 69 patients. The
median follow-up duration was 39.4 months (range
0.7-211.8 months). Ten (14.3%) patients developed dis-
ease progression, of whom 4 had local recurrence, 2
progressed to SS-M and 4 progressed to MS LCH. The
3-year PFS was 81.9% for all patients (Fig. 4A). The pro-
gression rate of bone involvement was 12.2% (6/49),
and it was 40.0% (2/5) for pituitary involvement, and
25.0% (1/4) for lymph node involvement. Among the 6
patients with bone involvement who had disease reacti-
vation, 3 patients had local recurrence, 2 progressed to
SS-M and 1 to MS. The affected site of the patient who
progressed to MS was in the mandible. In addition, two
patients with pituitary involvement and one patient with
thyroid involvement progressed to MS, and one patient
with lymph node involvement had local recurrence

4
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Fig. 2 Target gene sequencing of lesion tissues of adult patients with unifocal LCH
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Adult patients with unifocal

LCHn=70
Surgery Radiation therapy Observation | Untreated* Systemictherapy
n=41 n=11 n=10 n=1 n=7

PrednisonetVCR PrednisonetVDS MA n=3 CR

1= CR 1= CR Cytarabine monotherapy
Prednisone+VDS n=3 CR

=1 CR CHOP n=I (R
Radiation therapy

n=2

Fig. 3 Treatments and outcomes of adult patients with unifocal LCH. *One patient had not yet begun treatment at the time of the last follow-up.
CR complete response, VCR vincristine, VDS vindesine, MA methotrexate combined with cytarabine, CHOP cyclophosphamide, epirubicin, vindesine,

prednisone
A) (B)
100 100
os Age at diagnosis no less than 30 years
PFS
80 80
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Fig. 4 Progression-free survival (PFS) and overall survival (OS) of adult patients with unifocal LCH (A), and PFS (B) according to age at diagnosis

(Fig. 5). Factor associated with worse 3-year PFS was Discussion
age <30 years at diagnosis (52.2% vs. 97.0%, p=0.005)
(Fig. 4B). During follow-up, one patient with initial pitui-
tary involvement progressed to MS after 34 months. This
patient died at 98.8 months following the initial LCH
diagnosis, due to an infection after chemotherapy for
LCH progression. The 3-year OS rate was 100% (Fig. 4A).
Organ involvement, treatment option, BRAF"®%E muta-

tions and MAP2KI1 mutations were not associated with
PES or OS.

To date, there have been few studies on adult patients
with unifocal LCH. One contemporary case series studies
included 44 patients [8]. This study is one of the largest
single center study of unifocal LCH in adults to date. In
our series, males were approximately 1.5 times as many
as females, and this result was slightly lower than that
of overall LCH patients as we have reported before [12].
Regarding the affected organs, the bone, pituitary and
lymph nodes were the three most common organs, which
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Bone;49

not progress;59

I Pituitary;5

I Lymph node;4
progress to MS;3 l

Skin;3 e
Liver:3 progress to SS-M;

Thyroid;1 local recurrence;4
Others;5 lost to follow-up;1

progress to MS then died;1 =

Fig. 5 Progression pattern of each affected organ of adult patients
with unifocal LCH. MS multiple system, SS-M single-system multifocal;
Others: eyelid, submandibular gland, parotid gland, digestive tract
and epidural mass in one case each

was not the same as reported in pediatric patients with
LCH. In pediatric patients, the most common affected
organs were bone, skin and pituitary [4].

In our previous study, the overall percentage of BRAF
and MAP2KI mutations detected through target gene
sequencing of overall adult LCH patients was nearly
90% [7], but it was 59.3% in unifocal LCH patients in
adults. Genetic testing was relatively difficult in bone tis-
sue, which may result in the relatively low mutation fre-
quency and VAF values of alterations. In particular, the
frequency of BRAF"#! identified in our study was mark-
edly lower than that described in adults (28.8%) [7] and
adolescents (50%) [13] with LCH, indicating that BRAF"
¢l may be uncommon in patients with unifocal LCH in
adults. These findings propose that the biology of unifo-
cal LCH may differ from that of MS LCH.

A previous case report found five cases involving liver
only, one of them was adult, who presented with biliary
tract disease and died from disease progression [14].
Notably, we reported three patients with unifocal liver
involvement. Two patients achieved complete response
after cytarabine monotherapy. These results indicate
that liver involvement can potentially be managed suc-
cessfully with systemic therapy in patients with unifocal
LCH, and may not represent an adverse prognostic factor
in this subgroup.

In this study, we described the natural history of uni-
focal LCH in adults, focusing on the progression of dis-
ease in different affected organs. Notably, the rates of
progression of pituitary involvement were remarkably
high in our series, for reasons that remain unclear. Close
monitoring of patients with pituitary LCH for potential
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systemic progression is warranted. In our study, bone
lesions demonstrated a relatively low rate of progression.
This is consistent with prior reports indicating that soli-
tary bone LCH lesions often follow an indolent course.
Specifically, one study of 61 adults with single-system
bone LCH reported only 2 cases of recurrence after
complete surgical excision [15]. Another study of 132
pediatric patients found that patients with single-system
bone LCH had superior outcomes compared to those
with multifocal bone or multi-organ disease [16]. How-
ever, a study of 44 adults with unifocal LCH found higher
recurrence rates of 25% for initial bone involvement [8].
Studies have reported that the recurrence rate of skin
involvement in adults with unifocal LCH was 36% [8], but
the skin lesions appeared stable in our patients.

We have previously reported that adolescents with
LCH are more prone to disease progression [13], while
the 3-year event-free survival of only 54.7% in those
with SS-M or MS disease in adults [12]. In this study, we
found that patients diagnosed before 30 years of age had
significantly shorter PFS. This suggests that young adults
may exhibit disease behaviour more similar to children,
with more aggressive LCH. We also found that mortal-
ity in adults with unifocal LCH was low, consistent with
other reports [8, 12].

The primary limitation of this study is that it is a sin-
gle-centre retrospective study. Additionally, molecular
testing was not performed for all patients, limiting the
generalizability of these results to the overall unifocal
LCH population. However, with a relatively large sample
size and lack of prospective studies in this population, our
findings provide clinically useful insights. Another limi-
tation was that only 32 patients underwent NGS testing.
Additionally, some mutations with variant allele frequen-
cies approaching 50% were not assessed for germline
origin.

Conclusions

In this study, we described the natural history and molec-
ular features of unifocal LCH in adults. The overall per-
centage of BRAF and MAP2KI1 mutations in unifocal
LCH among adults was relatively low compared to that
reported in the general adult LCH populations. While
BRAF"™ were associated with MS disease among adults
in our prior study, we did not detect any such association
in our unifocal LCH cohort. Age over 30 years at diag-
nosis was associated with superior prognosis relative to
younger patients. The overall prognosis was excellent.
Our study suggests that unifocal LCH represents a dis-
tinct entity in adults. Future studies should aim to iden-
tify high-risk individuals so that targeted surveillance
strategies can be employed.
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Abbreviations

LCH Langerhans cell histiocytosis

SS-M Single system muiltifocal

MS Multisystem

FDG-PET  Fluorodeoxyglucose positron emission tomography
cT Computed tomography

MRI Magnetic resonance imaging

MA Methotrexate combined with cytarabine
VP Vindesine and prednisone

PFS Progression-free survival

[N Overall survival

ALT Alanine aminotransferase

AST Aspartate transaminase

ALP Alkaline phosphatase

GGT y-Glutamyl transpeptidase
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