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Abstract

Langerhans cell histiocytosis (LCH), which shows a variable clinical
presentation, is a disease that involves the proliferation of histiocytes.
LCH occurs at any age and can affect a single system or multiple sys-
tems. The successful and accurate diagnosis of cases involving multi-
ple organs requires a multidisciplinary approach. Since LCH receives
limited attention, failure to recognize this disease in the early pediat-
ric age can result in progression into adulthood. This study presents
the clinical manifestations, imaging findings, pathological and cyto-
logical features, treatment strategies and prognoses of seven cases of
LCH that were managed in a single hospital over the last 12 years.
The ages of the patients ranged from 1 to 58 years. The sites at which
LCH developed included the skin, lung, bone, lymph nodes and
brain: one patient (adult male) had single-system/single-site LCH,
three patients (adult male, adult female and girl) had single-system/
multi-site LCH and three patients (adult female and two girls) had
multi-system/multi-site LCH. BRAFY60F mutation was suggested in
an adult female with multi-system/multi-site LCH and an adult male
with single-system/multi-site LCH. We also discuss the pathogenesis
and review the relevant literature.

Keywords: Langerhans cell histiocytosis; Histopathology; Cyto-
pathology; Immunohistochemistry; Immunocytochemistry; Bone;
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Introduction

Langerhans cells (LCs) are dendritic cells that are located with-
in the epidermis, mucosa, or bronchial epithelium, expressing
CDla and containing Birbeck’s granules [1]. Local inflamma-
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tion is able to activate LCs and promote the migration of LCs
to draining lymph nodes, resulting in differentiation into inter-
digitating cells. The first description of Langerhans cell histio-
cytosis (LCH) goes back to the late 19th century [2]. The clini-
cal presentation of LCH is variable and LCH develops at any
age and at any site (single-system or multi-system and single-
site or multi-site (Table 1)); however, it more frequently occurs
in the pediatric population [3-6]. The etiology of LCH remains
unclear and has long been suspected to involve a combination
of factors, including immune dysregulation, inflammation and
malignancy. Thus, its rarity and the extreme heterogeneity of
its clinical spectrum and natural course may disturb progress
in understanding LCH.

The discovery of the mutations in certain genes, includ-
ing BRAFVO%E and MAP2K 1 that can be detected in approxi-
mately 75% of LCH patients, has suggested that the disease
has a neoplastic nature [3, 7-11]. Children with LCH usually
show a more aggressive clinical course that requires systemic
chemotherapy [12]. Patients with high-risk LCH (Table 2)
have a survival rate of almost 80% [9]. On the other hand,
low-risk LCH patients (Table 2) have an excellent prognosis,
with a long-term survival rate as high as 99% [9]. Adult pa-
tients usually present with limited skin or bone involvement
[9]. They can be treated with surgical resection or focal radia-
tion therapy, which result in an overall survival rate of 100%
[4]. Smoking cessation can result in the spontaneous remission
of pulmonary LCH [3]. Targeted therapy using certain BRAF
inhibitors has been applied in selected patients with LCH [7].

Our understanding of LCH has improved in the last 20
years [4, 6-8, 10, 13, 14]. Available treatment regimens can
control the disease in the majority of patients [4, 6-8, 10, 13,
14]. The discovery of novel driver mutations and the develop-
ment of targeted therapy promise better outcomes with fewer
long-term therapy-related adverse events, especially for pedi-
atric and adolescent patients [7, 9].

LCH can be diagnosed based on histopathological and/or
cytological findings: the lesion usually consists of histiocytes,
including characteristic LCs and multinucleated giant cells,
with varying proportions of inflammatory cells, including eo-
sinophils, macrophages and T-cell lymphocytes. The presence
of pathognomonic Birbeck’s granules in LCH cells on electron
microscopy and the detection of S100, langerin (CD207) and
CDla on their membrane are diagnostic. Because of the diver-
sity of symptoms, the diagnosis of LCH is often made after a
considerable delay. To better understand this rare disease, and
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Table 1. Clinical Classifications of LCH

SS-LCH: one organ/system involved (unifocal or multifocal)
Bone unifocal (single bone) or multifocal (> 1 bone)
Skin
Lymph node, single or multiple
Lung
Central nervous system

Other rare locations (e.g. thyroid, thymus)

MS-LCH: two or more organs/systems involved with or without the involvement of risk organs*

*Risk organ involvement is defined by the presence of at least one of the following: hematopoietic system (bicytopenia or pancytopenia), liver (hepa-
tomegaly and/or dysfunction) and/or spleen (splenomegaly). LCH: Langerhans cell histiocytosis; SS-LCH: single-system LCH; MS-LCH: multisystem

LCH.

to provide information that may facilitate an early diagnosis
and appropriate treatment, we report seven cases of LCH that
were encountered in our hospital over the last 12 years and
present the diagnostic imaging, cytology and histopathology
findings. The patients include four adults (two females and two
males) and three infants (girls).

Case Reports

The present retrospective study was approved by the Medi-
cal Ethics Committee of the Gifu Municipal Hospital and was
conducted in compliance with the tenets of The Declaration of
Helsinki.

Patients (n = 7) who were diagnosed LCH and treated
over the last 12 years (from October 25, 2005 to February 25,
2019) at Gifu Municipal Hospital were enrolled in the current
study. A comprehensive retrospective review was conducted
to evaluate the clinical, imaging, cytological and pathologi-
cal characteristics of LCH. Information regarding the clinical
manifestations and treatment was collected from the patients’
medical records. The computed tomography (CT) and/or mag-
netic resonance imaging (MRI) findings were acquired from
the database at Gifu Municipal Hospital. Hematoxylin and eo-
sin (H&E)-, Papanicolaou-, Giemsa- and periodic acid-Schiff
(PAS)-stained slides and immunohistochemical and/or immu-
nocytochemical slides were available for all but one of the cas-
es. The diagnosis of LCH was confirmed based on a re-review
of these slides by experienced pathologists (TT and NW) at
Gifu Municipal Hospital. Furthermore, the PubMed database
was searched for relevant studies published in the English lan-
guage from 1963 to the present (February 25, 2019). After the

Table 2. Stratification of MS-LCH

exclusion of articles that were too generalized, the relevant lit-
erature was reviewed.

Seven cases of LCH we experienced over the last 12 years
are listed in Table 3. We diagnosed lung LCH by bronchoalve-
olar lavage fluid (BALF) cytology alone in a single case (case
2). The patient was a young female smoker of 28 years of age.

Case 1

In June 2016, a 35-year-old female patient with a Brinkman
index of 150 (10 cigarettes/day for 15 years) complained of
severe back pain and the presence of a number of small cavi-
tary and nodular lesions in the bilateral upper lobes was sug-
gested by CT (Fig. 1a). Her back pain was considered to be
caused by an osteolytic lesion of the left IV rib. BALF cytol-
ogy and transbronchial biopsy (TBB) examinations revealed
LCH in her lungs. In the BALF from the upper lobes (Fig.
1b, ¢), a number of histiocytes (64.3%) that were positive for
CDla (Fig. 1d) and S100 (Fig. le) antibodies were present in
conjunction with neutrophils (3.5%), eosinophils (9.8%) and
lymphocytes (22.4%). Granulomatous lesions containing his-
tiocytes and eosinophils were present in the TBB specimens
(Fig. 1f). These histiocytes with a slightly eosinophilic cyto-
plasm had the appearance of typical LCs with a distinct folded
or lobulated, and often kidney-shaped nucleus. Nucleoli were
not prominent. They were immunohistochemically positive
for CD1a (Fig. 1g) and S100 (Fig. 1h). Their cytoplasm was
also immunohistochemically positive for BRAFV0F antibody
(Fig. 11). Based on the cytological and histopathological find-
ings in conjunction with those of immunocytochemical and
immunohistochemical analyses, LCH of the lung and rib was

Risk Criteria

Low risk MS-LCH without the involvement of risk organs* at the diagnosis
High risk MS-LCH with the involvement of risk organs at the diagnosis

Very high risk High-risk patients without a response to 6 weeks of standard treatment

*Risk organ involvement is defined by the presence of at least one of the following: hematopoietic system (bicytopenia or pancytopenia), liver (hepa-
tomegaly and/or dysfunction) and/or spleen (splenomegaly). MS-LCH: multisystem Langerhans ell histiocytosis.
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Table 3. Characteristics of Seven Cases of LCH

IHC and/
or ICC

S100,
CDla

Initial staging CT scans/

Age at diagnosis/gender/
year of diagnosis

35/F/2016

Chief

Case
no.

Vital state

Therapy

Recurrence

Initial site of involvement

bone marrow involvement

complaint

Alive

Smoking cessation

Yes/no

Lung/rib

Chest pain

Alive

Smoking cessation

CDla

Yes/no

Lung

28/F/2017

Medical

2

examination

Alive

PSL

S100,
CDla,

Yes/no

Skin

33/M/2014

Erythema

3
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CD45RO
S100,
CDla

Alive

RSTH

Yes/no

Lymph nodes (inguinal)

58/M/2008

Erythroderma

4

Alive

PSL and

S100,
CDla

2/F/2014 Tlium/skull Yes/yes

Claudication

5

chemotherapy*

PSL and

Alive

S100,
CDla,

Yes/yes

Femur/skull/vertebral
body/lymph nodes

1/F/2005

Fever

6

chemotherapy

CD68

(cervical and abdominal)
Skin/lung/CNS/lymph

node (cervical)

Chemotherapy Alive

S100,
CDla

Yes/yes

9/F/2010

Polydipsia
urine

7

*Chemotherapy included vincristine (VCR)/cytarabine (Ara-C)/PSL, VCR/methotrexate (MTX)/PSL and MTX/PSL. LCH: Langerhans cell histiocytosis; F: female; M: male; IHC: immu-

nohistochemistry; ICC: immunocytochemistry; CNS: central nervous system; PSL: prednisolone.

diagnosed. The LCH lesions in both tissues disappeared fol-
lowing 6 months of smoking cessation and prednisolone treat-
ment.

Case 2

The patient was a 28-year-old woman with a Brinkman in-
dex of 165 (15 cigarettes/day for 11 years) who had a number
of cavitary lesions in both lungs. The lesions were detected
in September 2017 by CT during a health examination (Fig.
2a). A cytological examination of BALF revealed numerous
atypical histiocytes with large cytoplasm and mono-nuclei or
multi-nuclei (Fig. 2b, ¢). The nuclei were indented and convo-
luted with a coffee bean-like groove. Immunohistochemistry
revealed that the cytoplasm was positive for S100 (Fig. 2d).
Bronchofiberscopy showed increased CD1a-positive cells in
the BALF. In the background, inflammatory cells, includ-
ing eosinophils, were noted. In the BALF, 18.1% of the cells
were CD1a-positive (370 cells) and CD4/CDS ratio was 0.65.
These findings strongly suggested lung LCH. At 8 months
after the cessation of smoking, the cavity lesions had disap-
peared, the number of CD1a-positive cells decreased, and the
CD4/CDS8 ratio improved. Thus, we diagnosed the patient
with lung LCH.

Case 3

In June 2014, a 33-year-old male noticed red pigmentation
and surrounding erythema on his left dorsum manus. A der-
moscopic examination revealed vasodilation in the lesion. A
biopsy specimen showed granulomatous lesions consisting of
atypical histiocytes, eosinophils, lymphocytes and neutrophils
in the dermis (Fig. 3a). The histopathological diagnosis was
skin LCH, and this was confirmed by immunohistochemical
staining of S100 (Fig. 3b) and CDla (Fig. 3c). The lesions
also contained CD45RO-positive lymphocytes. However, they
were immunohistochemically negative for the antibody of
BRAFVOOE antibodies. The patient’s skin lesions healed com-
pletely after 4 months of treatment with prednisolone.

Case 4

A 58-year-old male noticed erythroderma and edema on his
left lower leg in November 2007. Enlargement of his bilateral
inguinal lymph nodes was also indicated by a hematologyist.
The stamp cytology of these lymph nodes, which were resect-
ed to make a pathological diagnosis, suggested LCH (Fig. 4a,
b). Biopsy examination of these lymph nodes showed typical
findings of LCH (Fig. 4¢): atypical histiocytes with elongated
nuclei possessing a coffee bean-like groove and slightly eo-
sinophilic cytoplasm proliferated in conjunction with numer-
ous eosinophils. Immunohistochemically, they were positive
for CD1a (Fig. 4d) and S100 (Fig. 4e) antibodies. Immunohis-
tochemically, atypical histiocytes were weakly positive for the
BRAFVOO'E antibodies (Fig. 4f). Treatment with oral predniso-
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Figure 1. Case 1. (a) Chest CT shows small cystic lesions in the bilateral lungs. BALF cytology. Note the presence of large his-
tiocyte-like cells with (b) multiple nuclei and (c) prominent grooved nuclei. These cells are immunocytochemically positive for (d)
CD1a and (e) S100. Histopathologically, the lesion contains (f) abnormal histiocytes with grooved nuclei. Inmunohistochemistry
reveals that they are strongly positive for (g) CD1a and weakly positive for (h) S100. Some are positive for BRAFY600E antibodies.
(b) Papanicolaou staining, x 400; (c) Giemsa staining, x 400; (d) CD1a immunocytochemistry; (e) S100 immunocytochemistry, x
400; (f) Hematoxylin and eosin staining, x 400; (g) CD1a immunohistochemistry, x 400; (h) S100 immunohistochemistry; and (i)
BRAFV600E jmmunohistochemistry. CT: computed tomography; BALF: bronchoalveolar lavage fluid.

lone resulted in the disappearance of the enlarged lymph nodes
and erythroderma.

Case 5

A 2-year-old girl first presented to our hospital with intermit-
tent claudication in July 2014. X-ray, MRI, CT and bone scan
revealed small enhancing lesions in the bilateral iliac bones
(Fig. 5a) and the parietal portion of the skull. An excisional
biopsy was performed in both bones. A histopathological ex-
amination showed diffuse infiltration of histiocytes with de-
struction of the bony structure (Fig. 5b). In the lesion, LCs
possessing intended, grooved or folded nuclei, a slightly eo-
sinophilic cytoplasm and numerous eosinophils were noted.
Immonohistochemical staining of CDla (Fig. 5¢) and S100
(Fig. 5d) confirmed the diagnosis of LCH in multiple bones
(bilateral iliac bones and skull). Immunohistochemical stain-
ing of BRAFVS0E was negative. She received prednisolone and
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the standard chemotherapy for LCH (Table 3), and remains
asymptomatic at 4 years after the initiation of treatment.

Case 6

The patient was a 1-year-old girl who first presented to our
hospital with fever and enlargement of the right cervical lymph
node. In spite of the therapy against infectious lymphadenitis,
she noticed intermittent pyrexia and could not stand on her
own feet. At the same time, a lumbar spine X-ray examina-
tion revealed a compression fracture of the tertiary lumbar
spine, calve platyspondyly (Fig. 6a), and punched-out lesions
in the right femur and skull. CT-MRI revealed swellings of
the lymph nodes of the right cervical region and bilateral peri-
iliac arteries. Fine needle aspiration (FNA) cytology of cervi-
cal lymph node was performed to make an accurate diagnosis.
The FNA cytology (Fig. 6b, c¢) and histopathology (Fig. 6d, ¢)
findings suggested LCH based on the observation of LCs that

www.journalmc.org
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Figure 2. Case 2. CT of the lung reveals small cystic lesions in the
right lung (a). A number of mononuclear and binuclear histiocytes are
found in the BALF. They have (b) grooved nuclei and (c) prominent
nucleoli. The cells are immunocytochemically positive for (d) S100. (b)
Papanicolaou staining, x 400; (c) Giemsa staining, x 400; and (d) S100
immunocytochemistry, x 400. CT: computed tomography; BALF: bron-
choalveolar lavage fluid.

were located centrally or eccentrically, with an oval or reti-
form shape, grooved or contorted nuclei, and an inflammatory
background. Electron microscopy (EM) detected Birbeck’s
granules (Fig. 6f) in the LCs and immunocytochemistry (Fig.
6g, h) and immunohistochemistry (Fig. 6i, j) were positive for
S100 and CD1a. Based on these findings, a diagnosis of LCH
was confirmed. However, immunohistochemical staining of
BRAFVO%E was negative. As in case 5, the patient was treated
with prednisolone and received the standard chemotherapy for
LCH (Table 3), and remains asymptomatic for 14 years.

Case 7

A 9-year-old girl visited our hospital in June 2010, to identify
the cause of an erythematous nodule on the skin (right parietal
portion), polydipsia and right cervical lymph nodes enlarge-
ment. X-ray, CT and MRI examinations suggested LCH in-
volving multiple organs, including the skin, lungs (Fig. 7a),
pituitary gland and lymph nodes. On skin biopsy specimens,
granulomatous lesions were noted in the subepidermis (Fig.
7b). The lesions contained large tumor cells that were positive
for CDla (Fig. 7c) and S100 (Fig. 7d), and which aggregated
in the perivascular region accompanied by eosinophils. We did
not perform BRAFV%E immunohistochemistry. The patient
remains free of symptoms at 8 years after chemotherapy.

Discussion

We presented seven cases of LCH with or without involvement
in several tissues, which were diagnosed and treated at Gifu
Municipal Hospital. As reported previously, LCH developed in
both sexes and at any age. Furthermore, CD1a- and S100-pos-
itive histiocyte-like cells were immunohistochemically and/or

Figure 3. Case 3. Skin lesions consist of granulomatous lesions in the dermis (a). The lesions contain atypical histiocytes that
are immunohistochemically positive for (b) CD1a and (c) S100. (a) Hematoxylin and eosin staining, x 400; (b) CD1a immunohis-

tochemistry, x 400; and (c) S100 immunohistochemistry.
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Figure 4. Case 4. Stamp cytology of enlarged lymph nodes reveals that they contain numerous large histiocytes with irregular
and grooved nuclei (a) accompanied with eosinophils (b). Histopathologically, the lesions consist of atypical histiocytes and are
surrounded by eosinophils (c). Immunohistochemically, atypical histiocytes are positive for (d) CD1a and (e) S100. Some of the
atypical histiocytes in the lesion are weakly positive for BRAFV600E  (a) Papanicolaou staining, x 400; (b) Giemsa staining, x
400; (c) Hematoxylin and eosin staining, x 400; (d) CD1a immunohistochemistry, x 400; (e) S100 immunohistochemistry; and (f)

BRAFV600E jmmunohistochemistry.
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Figure 5. Case 5. The CT examination reveals osteolytic lesion in the iliac bones (a). In the biopsy specimens from the lesions,
atypical and large histiocytes with single or multiple nuclei are present (b). They are immunohistochemically positive for (c) CD1a
and (d) S100. (b) Hematoxylin and eosin stain, x 400; (c) CD1a immunohistochemistry, x 400; and (d) S100 immunohistochem-

istry. CT: computed tomography.

immunocytochemically confirmed in the hitopathological or
cytological specimens from the lesions, while Birbeck’s gran-
ules were detected by electron microscopy in only one case
(case 6). In all cases with the exception of case 3, where the
LCH lesion was limited to the skin, imaging was helpful for
suspecting LCH; these sites included the lung, lymph nodes,
bone and central nervous system (CNS). In one case (case 2),
pulmonary LCH was suspected on a pulmonary CT examina-
tion performed in a health check and was diagnosed by BALF
cytology, which detected CD1a-positive histiocyte-like cells.
LCH can be easily diagnosed by FNA cytology based on its
morphological and immunocytochemical characteristics [15].
While familial clustering as well as chromosomal instability
is implicated in disease occurrence [8, 9], we did not notice
such cases. Oncogenic BRAFY6F mutations are reported in
almost half or more than half of LCH cases [9]; however, these
mutations were detected by immunohistochemistry in just two
(28.6%) of our cases (cases 1 and 4).

LCH is known for its heterogenous clinical presentation,
which ranges mild, self-healing (by cessation of smoking) dis-
ease to more severe cases involving risk organs [16] (defined
by the presence of at least one of the following: hematopoietic
system (bicytopenia or pancytopenia), liver (hepatomegaly
and/or dysfunction) and/or spleen (splenomegaly)), and which
sometimes involves the CNS with mass lesions, pituitary le-
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sions resulting in diabetes insipidus (DI) as found in case 7 and/
or a neurodegenerative syndrome [4]. Risk of DI development
was decreased in patients with mastoid, temporal, orbital and
skull base bone lesions when they received systemic chemo-
therapy [17]. Localized LCH, defined as single-system LCH
(SS-LCH), often affects the bone, skin or lymph nodes, as was
observed in cases 2, 3 and 4. SS-LCH is a low-risk disease
and usually results in spontaneous remission and a favorable
outcome [9]. As experienced in case 3, LCH skin lesions may
appear as scaly and greasy rashes, small and solid reddish pap-
ules, purplish-red spots, or ulcerations with a small abscess.
In contrast to LCH in children, adult LCH most commonly
develops in the lung, followed by the bone and skin with in-
volvement of the genital and oral mucosa and nails [9]. Pulmo-
nary LCH is characterized by micronodules and/or honeycomb
lesions [3, 18]. Although we did not notice adult genital, oral
or nail LCH in this series, cases 1 and 2 were involved young
adults with pulmonary LCH. Both cases were associated with
smoking and the lesions disappeared completely with smoking
cessation [4, 7, 9]. However, when pulmonary LCH occurs as a
part of multi-system LCH (MS-LCH) in a child, chemotherapy
is required, as was experienced in case 7 [4, 7, 9]. MS-LCH
is associated with high morbidity and resistance to treatment,
with recurrent disease developing in 20% of patients [4, 7, 9].
Skeletal LCH in adults usually affects the skull, ribs and
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Figure 6. Case 6. (a) An X-ray examination shows platyspondyly of
the lumbar calf (arrow). FNA cytology from the enlarged cervical lymph
node shows a number of atypical and large histiocytes with single or
multiple nuclei that have coffee bean-like grooves (b) or prominent
nucleoli (c). Histopathologically, atypical and large histiocytes with
grooves that are located together with eosinophils are noted in the bi-
opsy specimens from (d) lymph node and (e) femur. EM examination
reveals Birbeck’s granules (circled) in an atypical histiocyte (f). Atypi-
cal histiocytes are immunocytochemically positive for (g) CD1a and (h)
S100. They are also immunohistochemically positive for (i) CD1a and
(j) S100. (b) Papanicolaou staining, x 400; (c) Giemsa staining, x 400;
(d) Hematoxylin and eosin staining, x 400; (e) Hematoxylin and eosin
staining, x 400; (f) EM, x 62,500; (g) CD1a immunocytochemistry; (h)
S100 immunocytochemistry, x 400; (i) CD1a immunohistochemistry, x
400; and (j) S100 immunohistochemistry. FNA: fine needle aspiration;
EM: electron microscopy.

216 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

Figure 7. Case 7 (consultation case). Chest CT shows a cystic lesion in
the right lung (a). Skin biopsy of the lesion shows granulomatous tissue
in the dermis (b). CD1 positivity in the epidermis reveals the presence
of native dendritic LCs. The lesion contains histiocyte-like cells that are
weakly immunohistochemically positive for (c) CD1a and (d) S100. (b)
Hematoxylin and eosin staining, x 400; (c) CD1a immunohistochemis-
try, x 400; and (d) S100 immunohistochemistry. CT: computed tomog-
raphy; LCs: Langerhans cells.

long bones; clinical manifestations include pain or spontane-
ous fractures [9]. Patients with a new onset of diabetes insipi-
dus should be evaluated due to the possibility of LCH involv-
ing the pituitary gland [9]. Other endocrine LCH should be
considered in adults when thyroid dysfunction and ovarian
failure are found.

The clinical classification of LCH is based on empirical
results [3, 7, 9]: patients presenting with the involvement of
one organ, namely SS-LCH have an excellent prognosis, while
patients with the involvement of two or more organs, namely
MS-LCH, particularly the liver and/or hematopoietic system
may show progressive disease, which is associated with con-
siderable mortality.

In conclusion, LCH is a rare disease with a wide range of
clinical manifestations that may involve several types of tis-
sue. Thus, an early diagnosis and appropriate therapy is needed
for the appropriate treatment of the disease. In this context,
the discovery of BRAFVF and MAP2KI mutations can be
used to assess the patient’s degree of risk and is relevant for
new treatment strategies against the disease. In the current se-
ries, prolonged disease control was achieved in children with
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MS-LCH (cases 4, 5 and 7) using MTX-based chemotherapy.
Due to the rarity of this disease, reports of a small patient se-
ries may provide additional data that are valuable for therapy.
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