International Journal of Hematology (2020) 112:185-192
https://doi.org/10.1007/512185-020-02892-z

ORIGINAL ARTICLE q

Check for
updates

Clinical features and outcomes of adult Langerhans cell histiocytosis:
a single-center experience

Masayuki Kobayashi' - Shohei Ando? - Toyotaka Kawamata? - Junya Makiyama? - Kazuaki Yokoyama? - Yoichi Imai? -
Arinobu Tojo'2

Received: 9 January 2020 / Revised: 7 April 2020 / Accepted: 22 May 2020 / Published online: 8 June 2020
© Japanese Society of Hematology 2020

Abstract

Langerhans cell histiocytosis (LCH) is a clonally expanding neoplasm characterized by the accumulation of
CDla+CD207 + myeloid dendritic cells. As LCH is a rare disease and is presumed to mainly affect children, the clinical
features and treatment outcomes of adult LCH have been poorly documented. We retrospectively reviewed 53 adult patients
with LCH who were referred to the Institute of Medical Science, the University of Tokyo from 2005 to 2018. The median
age at diagnosis was 42 years with a slight female predominance (57%). The time between onset and diagnosis varied among
patients (median, 8 months; range, 0—144 months). In total, 40% of the patients had single organ involvement and 60% had
multiple organ involvement. Overall, the most frequently affected organ was bone (62%), followed by the central nervous
system (34%), and the lung (28%). Twenty-six patients required systemic treatment, and 25 patients underwent the Special
C regimen. Twenty patients (80%) who underwent Special C regimen showed a partial response or better with favorable
toxicity. All but one patient is still alive. Median progression-free survival has not been reached despite a median follow-up
of 35.5 months. Immunohistochemistry revealed that 39% of patients were positive for BRAF-V600E, which was a lower
proportion than in previous reports from North America and Europe.
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Introduction

Langerhans cell histiocytosis (LCH) is a rare inflamma-
tory myeloid neoplasm characterized by infiltration of
CDla+ CD207 + histiocyte with immune cells. As indi-
cated by its name, LCH was believed to arise from epi-
dermal Langerhans cells due to similarities in expression
markers and histopathological findings. However, recent
studies suggest that LCH cells are more similar to den-
dritic cell precursors derived from bone marrow [1]. There
has been significant progress in clinical and basic research
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on LCH during the last decade. The recurrent oncogenic
BRAF-V600E mutation has been found in more than half of
LCH patients, which represents a major breakthrough [2].
Consequently, LCH is now defined as a clonally expanding
inflammatory myeloid neoplasm according to the revised
2016 classification of the World Health Organization [3, 4].
Despite advances in genetic understanding and treatment
options, the clinical profile and treatment outcomes of adult
LCH remain poorly documented. Here, we report the clinical
features and BRAF status of 53 Japanese patients with adult
LCH from a single institution.

Materials and methods

Patients

We retrospectively analyzed the data of 61 patients who
were referred to the hospital of the Institute of Medical Sci-

ence, University of Tokyo (IMSUT) between October 2005
and November 2018 with adult LCH. Eight patients were

@ Springer


http://orcid.org/0000-0001-9016-1948
http://crossmark.crossref.org/dialog/?doi=10.1007/s12185-020-02892-z&domain=pdf

186

M. Kobayashi et al.

excluded due to being undiagnosed, in turn due to a lack
of biopsy specimens or atypical histopathological findings.
This study was approved by the Institutional Review Board
of IMSUT (#28-5-0502) and was conducted according to
the principles of the Declaration of Helsinki. All patients
provided written informed consent.

Diagnosis and clinical evaluation

Fifty-three patients were diagnosed with LCH based on his-
topathological findings and immunohistochemical expres-
sion of CD1a and CD207. All patients were re-evaluated
via a complete physical examination, laboratory tests, and
a radiographic evaluation, including computed tomogra-
phy and magnetic resonance imaging. A positron emission
tomography scan and gallium-67 scintigraphy were also per-
formed if necessary. The clinical classification was made
according to the LCH Evaluation and Treatment Guidelines
of the Histiocyte Society [5].

BRAF-V600E analysis

A BRAF-V600E immunohistochemical analysis was also
performed in cases where formalin-fixed paraffin-embed-
ded blocks or frozen specimens were available. The immu-
nohistochemical analysis was performed using anti-BRAF
V600E mouse monoclonal antibody (clone VEI; Spring
Bioscience Corp., Pleasanton, CA, USA). In addition, cell-
free DNA (cfDNA) was prepared from peripheral blood
plasma and was subjected to BRAF-V600E genotyping
by allele-specific quantitative polymerase chain reaction
(AS-qPCR), which was specifically designed to detect
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BRAF-V600E, as described previously [6]. Furthermore,
cfDNA was also evaluated by digital droplet PCR (ddPCR)
using a BRAF V600 Screening Kit (Bio-Rad Laboratories,
Hercules, CA, USA) to improve detection accuracy.

Treatments and outcomes

In consideration of the safety and efficacy at the outpatient
clinic without hospitalization, we used nine cycles of the
Japan LCH Study Group (JLSG) Special C regimen as
first-line therapy for patients who required systemic treat-
ment. The protocol consisted of 6 mg vinblastine on day
1, 60 mg oral prednisolone on days 1-5, and 20 mg/m?
methotrexate on day 15 with 1.5 mg/kg daily 6-mercap-
topurine (6-MP) [7]. (Fig. 1).

Statistical analysis

All statistical analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (R Foundation for
Statistical Computing, Vienna, Austria) [8]. Progression-
free survival (PFS) and overall survival (OS) were calcu-
lated from the start of therapy until disease progression
or death, or until the last follow-up. PFS and OS were
estimated using the Kaplan—-Meier method and compared
via log-rank analysis. Cox models were used to assess the
impact of covariates on outcomes. A p value <0.05 was
considered significant.

| | | |
Week(s) 1 3 5 7

<) Vinblastine
Prednisolone

A Methotrexate
6-MP

6mg/m?/day IV
2mg/kg/day PO
20mg/m?/day PO
1.5mg/kg/day PO

1" 33 35 37

Day1 (Max 6mg)
Day1-5 (Max 60mg/day)
Day14

Day1-28

Fig. 1 Japan LCH Study Group Special C regimen for adult Langerhans cell histiocytosis (LCH). The 6-MP dose was adjusted according to the

white blood cell count. IV, intravenous; PO, oral
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Results

The patient and disease characteristics are shown in Table 1.
The median patient age at diagnosis was 42 years (range
1-79 years), and 57% were females (Fig. 2). Nearly all
patients were adult-onset, except for two patients with
relapsed infancy-onset LCH after a long period of remis-
sion. The duration of remission was 30 and 37 years, respec-
tively. These two patients had single organ involvement at
the time of first onset (skin and bone); however, both of
them developed to multiple organ involvement after a long
period of time. There was wide variation in the time between
disease onset and diagnosis (from 0 to 144 months; median,
8 months; mean, 23.3 months), and patients’ first admis-
sions after symptom onset were to various departments
(Table 2). Six patients were diagnosed by chance during a

Table 1 Clinical status and analysis of the BRAF mutation in adult
patients with Langerhans cell histiocytosis (LCH)

No. of patients (%)

Clinical status (N=53)

Age at diagnosis 42 (1-79)
Median (range)

Gender
Male 23 (43%)
Female 30 (57%)

Time from symptom onset to diagnosis* 8 (0-144) months
Median (range)

Disease classification

MS 32 (60%)
SS 21 (40%)
Organ involvement
Bone 33 (62%)
CNS 19 (34%)
Lung 15 (28%)
Skin 14 (25%)
Lymph node 5(9%)
Liver 5(9%)
GI tract 4 (7%)
Bone marrow 2 (4%)
Spleen 1 2%)
BRAF mutation
Immunohistochemistry of tumor specimens (N=23)
Positive 9 (39%)
Negative 14 (61%)
Peripheral blood plasma (N=33)
Positive 6 (18%)
Negative 27 (82%)

CNC central nervous system; G/ gastrointestinal

“Six patients diagnosed by chance were excluded

regular medical checkup and showed no subjective symp-
toms. Patients with skin lesions tended to receive an earlier
diagnosis. However, two patients were misdiagnosed and
received incorrect management for several years. One patient
with multifocal skin lesion was diagnosed with Behcet’s dis-
ease and was treated with systemic and topic corticosteroids
which made symptoms worse. Another patient with skin
lesion was diagnosed as cutaneous pseudolymphoma and
was also treated by systemic corticosteroids.

Twenty-one patients (40%) had single organ disease
(single-system; SS) and 32 (60%) had multiple organ dis-
ease (multisystem; MS). One patient with MS-LCH showed
comorbid Erdheim—Chester disease. Overall, more than half
of the patients had bone lesions (62%), followed by central
nervous system (CNS) involvement (34%). Of 19 patients
with CNS involvement, 15 had isolated hypothalamic—pitui-
tary lesion and two had hypothalamic—pituitary lesion with
involvement in the lobe. One of the other two patients had
lesion in convexity and another had dura-derived lesion. Of
all, nine patients showed signs of diabetes insipidus as an
initial symptom. Eventually, diabetes insipidus affected 12
patients, and 11 of them remain on 1-deamino-8-p-arginine
vasopressin (DDAVP) replacement therapy to date. Of the
15 patients with pulmonary lesions, 2 were lung-only and
the others were MS-LCH. Thirteen patients were smokers
and 2 were never smokers. Of 19 patients with CNS involve-
ment, 15 had isolated hypothalamic—pituitary lesion and 2
had hypothalamic—pituitary lesion with involvement in the
lobe. One of the other two patients had lesion in convexity
and another had dura-derived lesion. Among the MS-LCH
patients, seven had a risk of organ involvement, such as liver,
spleen, or bone marrow.

Immunohistochemical analysis of the biopsy specimens
of 23 patients revealed that 9 (39%) were positive for BRAF-
V600E. The AS-qPCR and/or ddPCR analyses of periph-
eral blood samples of 33 patients showed that only 6 MS-
LCH patients were positive for BRAF-V600E. The list of
patients who were able to perform immunohistochemical
analysis and AS-qPCR and/or ddPCR is listed in Table 3.
As shown in Table 3, nearly all the results matched in both
immunohistochemical analyses and AS-qPCR. However,
UPN 7 was positive for AS-qPCR, but was negative for
immunohistochemical analyses. This may be explained by
the limitation of the tumor specimen, namely, possibility
that some but not all lesions are positive for BRAF-V600E
in patients with multisystem LCH. Indication for systemic
therapy was patients with multiple organ involvements,
symptomatic CNS lesion, and multifocal bone lesions. In
addition, one SS-LCH patient with progressive skin lesion
affecting the whole body required systemic therapy. Of the
26 patients who required systemic treatment, 25 (first onset:
22, relapsed: three) received the JLSG Special C regimen.
One patient, who had aggressive multiple organ involvement
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Fig.2 Gender and age distribution of our 56 adult patients with LCH (5-year intervals)

Table 2 List of specialties on first admission after symptom onset

Patients
(N=47)*

Specialty

—_
(=]

Neurosurgery/neurology
Dermatology
Endocrinology
Orthopedics

Respiratory

Oral surgery

General internal medicine
Hematology—oncology
Pediatrics

Obstetrics and gynecology
Otorhinolaryngology

— NN NN W R N

Gastroenterology

“Six patients diagnosed by chance were excluded

including a hypothalamic pituitary lesion, received 2-chlo-
rodeoxyadenosine (2-CdA) initially. Of the 25 patients who
were prescribed the Special C regimen, 19 completed the
protocol and 2 patients are still in treatment. Four patients
dropped out during the treatment due to a poor response
with/without adverse events (AEs). The response rate to the
Special C regimen, defined as a partial response or better,
was 84% (21 patients), and a complete response (CR) was
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achieved in 64% (16 patients). (Table 4) The most com-
mon treatment-related AE was liver toxicity. An increase in
aspartate aminotransferase was seen in 32% of patients, and
an increase in alanine aminotransferase was seen in 24%.
Grade 3 AEs were seen in eight (32%) patients, and the most
common grade 3 AE was a decrease in the white blood cell
count, seen in four patients. Dose reduction of 6-MP was
required in five patients with grade 3 AEs, and, moreover,
two among these had also skipped methotrexate once. All
five patients completed the protocol. The Kaplan—Meier
curves for OS and PFS of 25 patients for induction therapy
are shown in Fig. 3a and b. The median OS and PFS have not
been reached at the time of analysis. The median OS obser-
vation period was 37 months (range 2-97 months) and that
of PFS was 36 months (range 2—-80 months). One patient,
who died during the clinical course, had multiple organ
involvement including a hypothalamic—pituitary lesion and
received 2-CdA as salvage therapy following an inadequate
response to the Special C regimen.

Discussion

As LCH is quite rare and the majority of patients are chil-
dren; adult patients with LCH are typically ignored by phy-
sicians, so the diagnosis is generally delayed. In our study,
the median time from the first symptom to diagnosis was
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Table3 Comparison of UPN Organ involvement Disease activity Treatment BRAF- BRAF-V600E
BRAF—V6.00E dete.cted by . V600E THC ~ AS-gPCR,
immunohistochemical analysis ddPCR
of tumor specimens and allele-
spef:iﬁc que.mtitative Polymerase 1 MS High Interrupted + +
gl‘s(‘)% r;lzcst:;’;‘ of peripheral 2 MS High Not started + +

3 MS High Not started - -

4 SS-m (skin) High Not started + +

5 MS High Not started - -

6 MS High Not started + +

7 MS High Not started - +

8 SS-m (skin) Low Completed - -

9 MS Low During - -

10 MS Low Completed - -

11 SS-s (lymph node) High Not started - -

12 MS High Not started - -

13 MS Low Completed - -

14 SS-m (Skin) Low Completed - -

15 MS High Not started - -

IHC immunohistochemistry; AS-gPCR allele-specific quantitative polymerase chain reaction; ddPCR digi-
tal droplet PCR

Table 4 Treatment response

- ; No. of patients Best response (%) *Relapse (%)
and relapse rate in 25 patients
treated with the JLSG Special C CR PR SD PD
regimen
Over all (N=25) 16 (64%) 5 (20%) 4 (16%) 0 (0%) 5 (24%)
Gender
Male 11 7 (64%) 1 (9%) 2 (18%) 3 (38%)
Female 14 9 (64%) 3 (21%) 2 (14%) 2 (17%)
Disease classification
MS-LCH 17 11 (65%) 3 (18%) 3 (18%) 3 (18%)
SS-LCH 8 5 (63%) 2 (25%) 1 (13%) 2 (25%)
Organ involvement
Bone 15 10 (67%) 2 (13%) 3 (20%) 4 (27%)
CNS 11 5 (45%) 4 (36%) 2 (18%) 1 (11%)
Lung 6 6 (100%) 0
Skin 8 6 (75%) 1 (13%) 1 (13%) 3 (38%)
Lymph node 2 1 (50%) 1 (50%) 0
Liver 3 3 (100%) 0
GI tract 3 2 (67%) 1 (33%) 1 (33%)
Bone marrow 0 N/A N/A
Spleen 0 N/A N/A
BRAF mutation
Immunohistochemistry of tumor specimens
Positive 4 2 (50%) 1 (25%) 1 (25%) 1 (33%)
Negative 9 6 (67%) 1 (11%) 2 (22%) 1 (14%)
Peripheral blood plasma
Positive 4 1 (25%) 2 (50%) 1 (25%) 2 (33%)
Negative 17 13 (76%) 2 (12%) 2 (12%) 3 (20%)
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Fig.3 Kaplan—Meier curves for progression-free survival (a) and overall survival (b) of 26 adult patients with LCH treated with the JLSG Spe-

cial C regimen

8 months, and the mean time was 23.3 months. The clini-
cal presentation of LCH varies and it can mimic other dis-
eases; therefore, patients are often referred to various profes-
sionals. In our study, patients were referred to 12 different
departments and only two patients were referred to a hema-
tology—oncology specialist before admission to IMSUT.
Although LCH is not always fatal, a delay in the diagno-
sis and treatment can lead to serious and irreversible organ
impairment. In our study, one patient was misdiagnosed with
malignant lymphoma for nearly 6 years and was subjected to
a systemic chemotherapy regimen consisting of cyclophos-
phamide, doxorubicin, vincristine, and prednisone, which
exacerbated his condition. Physicians should be aware that
LCH is a myeloid neoplasm and requires prompt diagnosis
and appropriate treatment. The clinical presentation of LCH
is extremely heterogeneous, ranging from self-healing indo-
lent disease to disseminated aggressive disease that can lead
to death. Localized pulmonary lesions, which are common
in adults, are strongly associated with smoking and diminish
on smoking cessation. In our study, among 15 patients with
pulmonary lesions, 13 (86.7%) were smokers. Considering
that the smoking rate in Japan is 17.9% according to a survey
conducted by Japan Tobacco Inc. in 2018, the smoking rate
in these patients is extremely high [9]. Two patients were
never-smokers, and both had multiple organ involvement. Of
the 15 patients with a lung lesion, 13 had MS-LCH, and two
had lung-only disease; both were current smokers.
Systemic chemotherapy is strongly recommended for
MS-LCH or SS-LCH with multifocal bone lesions [10].
There are no evidence-based standard treatments for adult
LCH, but a combination of vinblastine and prednisolone, as
derived from the pediatric LCH protocol, is commonly used
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as an induction therapy. However, some reports have shown
that adult patients who undergo vinblastine and prednisolone
treatment tend to show higher incidents of grade 3—4 neu-
ropathy, resulting in a poor overall response [7, 11, 12]. The
JLSG Special C regimen that we adopted was also derived
from the pediatric protocol, where the purpose was to estab-
lish a chemotherapy regimen that can be completed in the
outpatient clinic without hospitalization. The outcome was
equivalent to that of other reported regimens, with favora-
ble toxicity [13, 14]. Tazi et al. (2017) indicated that the
most common grade 3—4 AE among adult patients with LCH
treated with the vinblastine-based regimen was neutropenia
[11]. Our study showed similar outcomes; however, liver
toxicity was the most common AE. The liver function of
all of our patients had recovered to the normal range after
reducing the 6-MP dose, suggesting a possible racial differ-
ence. Patients with skin lesions treated with the Special C
regimen showed the highest response rate (88%). However,
they also had a higher frequency of relapse (38%) compared
to patients with other lesions. In contrast, patients with a
CNS lesion had a lower rate of relapse (11%), with a fairly
high response rate (81%).

While LCH has a definite age at onset peak of < 10 years
of age [15], the prevalence and incidence rates in adult
patients remain unclear. In our study, there seemed to be
an age onset peak between the 20s and early 40s (Fig. 2).
A previous report based on the International Registry of
the Histiocyte Society showed similar age peaks [16].
Common malignancies in adolescents and young adults
include breast cancer, brain tumors, melanoma, thyroid
cancer, and leukemia. However, the peak incidence age of
these malignancies is older, and none of them have an age
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Table 5 Prevalence of BRAF mutations in cases reported worldwide

Country  Patients (V) BRAF mutation (N) % Detection of BRAF mutation
Total Adults Children Total Adults Children

Kobayashi et al. 2018 Japan 23 23 0 9 (39%) 9(39%) N/A IHC
Sasaki et al. 2017 [19] Japan 19 3 16 4 (21%) 0(0%) 4 (25%) Direct sequencing
Go et al. 2014 [20] Korea 28" 12t 167 7 (25%) 4(33%) 3(19%) PNAcqPCR and Sanger sequencing
Tong et al. 2014 [21] China 18 18 0 0(0%) 0(0%) N/A Direct sequencing
Badlian-Very et al. 2010 [2] USA 4% 17 26 28 (64%) 7(41%) 21(81%) Pyrosequencing
Berres et al. 2014 [22] USA 100 3 97 64 (64%) 3(100%) 61 (63%) qPCR mutation assay and sanger

Héritier et al. 2016 [23] France 315 0 315

173 (55%) N/A

sequencing
173 (55%) Pyrosequencing and direct sequencing

Sahm et al. 2012 [24] Germany 89% 40 47 34 (38%) 17 (43%) 16 (34%) IHC
46° 26 18 19 (41%) 8((31%) 10(56%) Direct sequencing

Meéhes et al. 2014 [25] Hungary 15 1 14 8 (53%) 1(100%) 7 (50%) IHC
7 (47%) 1 (100%) 6 (43%) Direct sequencing

IHC immunohistochemical; PN AcgPCR peptide nucleic acid clamp qPCR

“One patient with Langerhans cell sarcoma was included. +Children are defined as under the age of 15 years in this study. +One patient with
unknown age was included. §Two patients with unknown age were included

peak similar to adult LCH. Male predominance has been
described in childhood LCH, with a ratio of about 2:1 [17].
However, our study showed no gender difference in adult
patients, as per previous reports [16, 18].

In our study, the BRAF mutation was identified in 39%
of patient biopsy specimens, and in 20% of peripheral
blood plasma samples. As nearly half of the peripheral
blood samples were obtained from patients with low dis-
ease activity, the plasma BRAF mutation results were rea-
sonable. However, immunohistochemistry analysis of the
biopsy specimens showed a lower positive ratio compared
to previous reports. Interestingly, reports from Asian coun-
tries seem to show a lower frequency of the BRAF muta-
tion in LCH patients, indicating possible racial differences
in mutation frequencies (Table 5). Moreover, the BRAF
mutation seems to be less frequent in Asian populations
with colon cancer or malignant melanoma [26, 27].

Several groups have reported successfully treating
BRAF-V600E-positive LCH with BRAF inhibitors [28,
29]. Advances in next-generation sequencing technology
have revealed several other driver mutations in the MAPK
and PI3K pathways, which could inform more targeted
therapies. Prospective trials including targeted therapies
with/without existing approaches are warranted to improve
outcomes in adults and children with LCH.
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