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Abstract

Background Langerhans cell histiocytosis (LCH) is a group of diseases characterized by the proliferation and accumulation
of Langerhans cells. Clinical presentations of LCH vary widely.

Data sources A PubMed search was conducted using Clinical Queries with the key term “Langerhans cell histiocytosis”.
The search strategy included meta-analyses, randomized controlled trials, clinical trials, observational studies, and reviews.
This paper is based on, but not limited to, the search results.

Results Generally, patients with LCH can be divided into two groups based on the extent of involvement at diagnosis, namely,
single-system LCH and multisystem LCH. The involvement may be unifocal or multifocal. Patients with isolated bone lesions
typically present between 5 and 15 years of age, whereas those with multisystem LCH tend to present before 5 years of age.
The clinical spectrum is broad, ranging from an asymptomatic isolated skin or bone lesion to a life-threatening multisystem
condition. Clinical manifestations include, among others, "punched out" lytic bone lesion, seborrheic dermatitis-like erup-
tion, erythematous/reddish-brown crusted/scaly papules/maculopapules/plaques/patches, and eczematous lesions, diabetes
insipidus, hepatosplenomegaly, cytopenias, lymphadenopathy, and an acute fulminant disseminated multisystem condition
presenting with fever, skin rash, anemia, thrombocytopenia, lymphadenopathy, and hepatosplenomegaly. The diagnosis
is clinicopathologic, based on typical clinical findings and histologic/immunohistochemical examination of a biopsy of
lesional tissue. Positive CD1a, S100, and/or CD207 (Langerin) immunohistochemical staining of lesional cells is required
for a definitive diagnosis. Watchful waiting is recommended for patients with skin-only LCH. Patients with symptomatic or
refractory skin-only LCH may be treated with topical tacrolimus/corticosteroids, topical nitrogen mustard, oral methotrexate,
or oral hydroxyurea. The current recommended first-line therapy for patients with multisystem LCH is 12 months therapy
with prednisone and vinblastine. Mercaptopurine is added for patients with risk organ involvements.

Conclusions Because of the broad spectrum of clinical manifestations and the extreme diversity of disease, LCH remains
a diagnostic dilemma. Morphological identification of LCH cells and positive immunochemical staining with CD1a, S100,
and/or CD207 (Langerin) of lesional cells are necessary for a definitive diagnosis.

Keywords Cytopenia - Diabetes insipidus - Eczematous lesions - Hepatosplenomegaly - Lymphadenopathy - Seborrheic
dermatitis-like eruption
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three related syndromes, namely, eosinophilic granuloma
(unifocal LCH with a solitary or few lytic bone lesions),
Hand—-Schiiller—Christian disease (multifocal LCH with
classic triads of exophthalmos, diabetes insipidus, and lytic
bone lesions), and Letterer—Siwe disease (fulminant and dis-
seminated LCH) [5-7]. The purpose of this communication
is to familiarize readers with the clinical manifestations,
diagnosis, and management of LCH.

A PubMed search was conducted in May 2019 using
Clinical Queries with the key term ‘“Langerhans cell his-
tiocytosis”. The search strategy included meta-analyses,
randomized controlled trials, clinical trials, observational
studies, and reviews. Discussion is based on, but not limited
to, the search results.

Epidemiology

The estimated incidence of LCH ranges from 2 to 9 cases
per million children younger than 15 years of age per year
[1, 8-11]. The peak incidence is between 1 and 3 years of
age [7, 12—14]. Five to ten percent of the patients have dis-
ease onset at birth or shortly thereafter [15]. Although LCH
can occur at any age, it is very rare in adults [16]. Pulmonary
LCH is a rare disorder occurring mainly in adult smokers,
but it is not part of the spectrum of the disease in children.
The male-to-female ratio is about 2.5:1 [17]. The incidence
is higher in Hispanics than in blacks and non-Hispanic
whites [7, 18]. Familial clustering of LCH has been reported
[14, 19, 20]. The concordance rate is higher in monozygotic
twins than in dizygotic twins, suggesting genetic predisposi-
tion in at least some cases [19, 20].

Pathogenesis

The exact pathogenesis is not known. It has been debated
for years whether LCH is reactive or neoplastic in nature
[9]. Arguments in favor of a reactive nature of LCH include
occasional spontaneous remissions of LCH lesions, as well
as prominent inflammatory infiltrates and massive produc-
tion of multiple cytokines in LCH lesions [9, 21, 22]. Thus
far, there are no epidemiologic data to support an environ-
mental or infectious cause for LCH [9, 21, 22].

On the other hand, clonal proliferation of LCH cells
within LCH lesions, mutations with hematopoietic precur-
sors, somatic activating gene mutations in the nitrogen-
activated protein kinase (MAPK) pathway, fatal outcome,
and response to chemotherapy are in favor of a neoplastic
cause of the disease [1, 5, 21-25]. In this regard, LCH
cells share surface markers with CD1a+/CD207+ myeloid
dendritic cells [5, 9, 26]. Somatic activating gene muta-
tions in the MAPK pathway are detectable in a significant

number of patients with LCH [7, 27, 28]. The genes in
the MAPK pathway are more frequently mutated in human
malignancy [29]. Oncogenic BRAF V600 E mutation is
found in 50-60% of patients with LCH; such mutation ren-
ders the MAPK pathway constitutionally active [1, 3, 5, 7,
8, 29]. Other BRAF mutations include in-frame deletions,
duplications, and fusions [5]. It should be noted that BRAF
mutations are not specific for LCH, because BRAF muta-
tions can also be seen in patients with hairy cell leukemia,
melanoma, lung cancer, etc. Approximately 10-25% of
patients with LCH have mutations in the MAP2K1 gene
[1, 3]. Mutations in ARAF, ERBB3, NRAS, and KRAS have
also been reported in patients with LCH but at lower rates
[1,3,5,29].

Histopathology

Histopathologic findings include an inflammatory infiltrate
of eosinophils, T lymphocytes, neutrophils, macrophages,
multi-nucleated giant cells, and LCH cells [7, 17, 30, 31].
LCH cells are large (10—15 pm in diameter), oval, and mon-
onuclear, with a folded nucleus (“coffee bean”, “twisted
towel” or “kidney-shaped” appearance), a discrete nucleolus,
and homogeneous eosinophilic cytoplasm [13, 24, 26, 30,
32]. The LCH cells resemble cutaneous Langerhans cells
except that LCH cells are not dendritic [7, 26]. These cells
express the histiocytic markers CD1a, S100, and CD207
(Langerin) and contain Birbeck granules [7]. The cytoplas-
mic tennis racquet-shaped Birbeck granules can be visu-
alized on electron microscopy [17, 24, 25, 32, 33]. Using
specific fluorescently tagged antibodies, LCH cells stain
positive for CD1a, S100, and CD207 (Langerin) which are
transmembrane proteins expressed in LCH lesions [17, 30].
Langerin is a cell surface receptor that induces the formation
of Birbeck granules [24].

Clinical classifications

Generally, patients with LCH can be divided into two groups
based on the extent of involvement at diagnosis, namely,
single-system LCH and multisystem LCH (Table 1) [7, 34,
35]. In single-system LCH, only one organ or system is
involved such as bone, skin, lymph node (not the draining
lymph node of another LCH location), lungs, central nervous
system, or others such as thyroid or thymus [34, 35]. The
involvement may be unifocal (single lesion on bone or lymph
node) or multifocal (multiple lesions on bone or multiple
lymph nodes) [7, 34-36]. In multisystem LCH, two or more
organs or systems are involved at diagnosis, with or without
involvement of risk organs (spleen, liver, and/or bone mar-
row) [7, 10, 34, 35]. The distinction between single-system
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Table 1 Clinical classifications of Langerhans cell histiocytosis

A. Single-system Langerhans cell histiocytosis (only one organ or
system is involved at diagnosis)

1. Unifocal (single lesion on bone or lymph node®)
2. Multifocal (multiple lesions on bone or multiple lymph nodes)

B. Multisystem Langerhans cell histiocytosis (two or more organs or
systems are involved at diagnosis)

#Not the draining lymph node of another Langerhans cell histiocyto-
sis location

LCH and multisystem LCH is essential both for treatment
and prognosis [30].

Clinical manifestations

In general, patients with isolated bone lesions typically pre-
sent between 5 and 15 years of age whereas those with mul-
tisystem LCH tend to present before 5 years of age [9, 13,
17]. Skin involvement predominates in multisystem LCH in
children under the age of 1 year [37]. In this regard, acute
disseminated multisystem LCH is most commonly seen in
children under 2 years [7].

Clinical manifestations vary depending on the sites and
extent of involvement [29]. The clinical spectrum is broad,
ranging from an asymptomatic isolated skin or bone lesion
to an acute, disseminated, fulminant, life-threatening, mul-
tisystem condition presenting with fever, skin rash, anemia,
thrombocytopenia, lymphadenopathy, and hepatospleno-
megaly [13, 14]. Sites of involvement, in order of decreas-
ing frequency, include the bone (79%), skin (36%), pituitary
gland (25%), liver (16%), bone marrow (15%), spleen (14%),
lymph nodes (13%), lungs (13%), and central nervous sys-
tem (5%) [3, 7]. The kidneys and gonads are usually spared
[31,37].

Bone

Bone is the most common system affected [3, 7]. Unifocal
involvement is more common than multifocal involvement
[6]. The most common site of involvement is the skull, fol-
lowed by the spine, extremities, pelvis, and ribs [17, 24].
The hands and feet are often spared [3, 37]. Although some
bone lesions are asymptomatic, pain and a soft raised mass
in a localized area of the bone are common [2, 9, 26]. Other
symptoms include dull aching pain, inability to bear weight,
and limited range of movement [38]. Typical radiographic
findings include a solitary “punched out” lytic lesion of the
skull, symmetrical flattening of the anterior and middle ver-
tebral column (“vertebra plana”), and endosteal scalloping
of the long bones [6, 17, 39].
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Fig. 1 Seborrheic dermatitis-like eruption on the scalp presenting as
slightly elevated papules covered by yellow-brown scales

Fig.2 Erythematous scaly papules over the scalp

Skin

Although cutaneous manifestations are less common than
bone manifestations, they are the first manifestation in
approximately 80% of cases and are often the leading clue
for disease diagnosis [11, 16]. Common cutaneous manifes-
tations include a seborrheic dermatitis-like eruption (Fig. 1),
erythematous/reddish-brown crusted/scaly papules/maculo-
papules/plaques/patches and eczematous lesions (Figs. 2, 3)
[9, 11, 13, 23, 30, 36, 40]. Sites of predilection include the
scalp, abdomen, chest, back, and intertriginous areas [3].
Lesions tend to be more severe in intertriginous areas which
may become ulcerated [9, 37]. Other cutaneous manifesta-
tions include petechiae/purpura [40], hypopigmented mac-
ules/papules [40], umbilicated (molluscum-like) papules,
vesicles/blisters/bullae, pustules, nodules, and blueberry
muffin spots [9, 11, 36, 41-44]. Gingival hypertrophy,
mucosal ulcers, and intraoral masses may also occur [7, 9,
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Fig. 3 Erosive erythematous plaque over the left inguinal area

45, 46]. Nail involvement is relatively rare and may manifest
as subungual hyperkeratosis/pustules/purpura, paronychial
erythema, longitudinal grooving, onychauxis, and onych-
olysis [32, 47, 48].

Congenital self-healing LCH (also known as Hashi-
moto—Pritzker disease), a skin-only LCH, typically presents
at or shortly after birth as asymptomatic multiple, or less
commonly, solitary, red to brown papules or nodules that are
often crusted or ulcerated [49-52]. Although the lesion can
be present anywhere on the body, it appears most commonly
on an extremity [2, 51]. Solitary congenital self-healing
LCH appears to be isolated without systemic involvement
[2]. Typically, the solitary papule/nodule resolves spontane-
ously within a few weeks to months, occasionally, leaving
a residual hyper- or hypopigmented macule or scar [2, 51,
53-55].

Hypothalamic-pituitary axis

Antidiuretic hormone (arginine vasopressin) is synthe-
sized in the hypothalamus and transported as neurose-
cretory vesicles to the posterior pituitary gland. Central
(neurogenic) diabetes insipidus is the most common
endocrine manifestation in LCH and may result when the
hypothalamic—pituitary axis is involved with consequent
impairment of antidiuretic hormone secretion from the
posterior pituitary gland [16, 45, 56-58]. The condition
typically presents with polydipsia, polyuria, and nocturia
[7]. Approximately 50% of patients with central diabetes
insipidus develop deficiency of anterior pituitary hormones
(such as growth hormone, thyroid-stimulating hormone,
adrenocorticotropic hormone, luteinizing hormone, and
follicle-stimulating hormone) with resultant growth fail-
ure, hypothyroidism, hyperprolactinemia, hypoadrenalism,

hypogonadism, amenorrhea, and precocious or delayed
puberty [24, 31, 45, 56]. Non-endocrine hypothalamic
dysfunction may present with eating disorders, obesity,
sleeping disorders, fatigability, temperature instability, and
autonomic disturbance [24, 31].

Liver and spleen

Involvement of the liver and/or spleen may result in hepa-
tomegaly and/or splenomegaly. Patients with hepatic dys-
function may present with elevated liver enzymes, jaundice,
hypoalbuminemia, edema, ascites, and clotting factor defi-
ciencies [7, 9, 26, 59].

Bone marrow

Hematopoietic involvement may result in anemia, leuco-
penia, and/or thrombocytopenia. Anemia may present with
pallor, easy fatigability, anorexia, dizziness, and irritability
[60]. Patients with leukopenia may present with recurrent
infection, whereas patients with thrombocytopenia may pre-
sent with bleeding diathesis.

Lymph nodes

Lymph nodes involvement occurs in approximately 13% of
patients with LCH [3, 7]. Cervical lymph nodes are most
commonly involved, but axillary, inguinal, mediastinal,
and retroperitoneal lymph nodes can also be involved [38].
Lymph nodes draining involved skin or bone are more com-
monly affected [37]. Affected lymph nodes are usually mat-
ted; the consistency may be soft, firm, or hard [9].

Lungs

Lungs involvement is less frequent in children than adults
in whom smoking is a significant risk factor [7, 9]. Patients
with lung involvement may present with non-productive
cough, dyspnea, tachypnea, chest pain, and constitutional
symptoms such as malaise, fatigability, weight loss, and
fever [7, 9]. Although the lung was once believed to be a risk
organ, recent studies have suggested it to be otherwise [7].

Central nervous system

Involvement of the central nervous system occurs in approxi-
mately 5% of patients with LCH [3]. Involvement of the
ethmoid, orbital, temporal, or zygomatic bones confers a
higher (25%) chance of central nervous system involve-
ment [7, 26]. Central diabetes insipidus caused by involve-
ment of the pituitary gland occurs in approximately 25%
of patients overall [26, 31]. Depending on the site of the
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space-occupying lesion, other clinical manifestations include
headache, dizziness, vomiting, diplopia, ataxia, change in
mental status, personality change, and seizures.

Diagnosis and differential diagnosis

The diagnosis is clinicopathologic, based on typical clinical
findings and histologic/immunohistochemical examination
of a biopsy of lesional tissue [31, 34]. The biopsy should be
taken from the most accessible organ: skin in the majority
of cases, followed by an osteolytic bone lesion [34]. Posi-
tive CD1a, S100, and/or CD207 (Langerin) immunohisto-
chemical staining of lesional cells is required for a definitive
diagnosis [26, 33—35]. Electron microscopy for the detection
of Birbeck granules is no longer needed because expression
of Langerin has 100% concordance with the ultrastructural
presence of Birbeck granules [33-35].

Laboratory and radiographic evaluation

The following laboratory tests are generally recommended,
namely, complete blood cell count with differential, C-reac-
tive protein, serum electrolytes, serum creatinine, liver func-
tion tests [e.g., serum albumin, total protein, bilirubin, glu-
tamic pyruvic transaminase (SGPT), glutamic oxaloacetic
transaminase (SGOT), gamma glutamyl transferase (yGT),
alkaline phosphatase], coagulation studies [e.g., prothrom-
bin time (PT), international normalized ratio (INR)], and
BRAF V600E testing [33-35, 61]. Performing BRAF muta-
tion analysis in all patients with suspected LCH is now the
standard of care [61]. Unfortunately, BRAF mutation analy-
sis is not universally available. Radiographic imaging tests
include radiography of the chest, skeletal radiograph survey
and abdominal ultrasound (especially for young children)
[25, 30, 34, 35]. Certain scenarios may require additional
testing. For example, a bone marrow aspiration and biopsy
are indicated in patients with multisystem involvement pre-
senting with pancytopenia to rule out other causes of bone
marrow failure [30, 38]. An early morning urine specimen
for specific gravity and osmolality and a water deprivation
test should be ordered if diabetes insipidus is suspected [38].
A full endocrine workup should be performed for patients
with pituitary dysfunction [38]. A cranial magnetic reso-
nance imaging (MRI) or computerized tomography (CT)
scan should be considered for patients with pituitary dys-
function, neurologic symptoms, or skull lesions [25, 34].

Differential diagnosis

As LCH can affect almost every organ, the differential
diagnoses are extensive. The differential diagnoses of some
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common manifestations of LCH are listed in Table 2 [7, 30,
33-35, 40, 62-89].

Complications

Generally, major complications occur in approximately 50%
of patients with LCH [25]. Because of the disease per se and
its complications, LCH has an adverse effect on quality of
life [90]. Complications of bone involvement include patho-
logical fracture (long bone and/or vertebra involvement),
scoliosis/spinal paralysis (spinal involvement), visual loss/
exophthalmos (orbital involvement), palatal perforation (max-
illa involvement), otorrhea/hearing loss (temporal bone/mas-
toid involvement), “loose teeth syndrome’/loss of teeth (jaw
involvement), cranial nerve palsies (skull involvement), and
torticollis (odontoid involvement) [9, 13, 14, 24, 37, 38, 87].

Skin lesions can be cosmetically unsightly and socially
embarrassing. Unfamiliarity of the skin lesions of LCH can
lead to misdiagnosis and maltreatment, which is usually the
case.

Involvement of the hypothalamic—pituitary axis may
result in central diabetes insipidus, deficiencies of hormones
secreted by the anterior pituitary gland, and hypothalamic
dysfunction (vide supra) [24, 31, 36, 87]. Complications
resulting from the deficiencies of hormones secreted by the
pituitary gland, especially if prolonged and severe, include
dehydration (antidiuretic hormone deficiency), short stature/
growth failure (growth hormone deficiency), hypomental-
ity (thyroid-stimulating hormone deficiency if occurring
early in life), adrenal crisis (adrenocorticotropic hormone
deficiency) and subfertility/infertility (luteinizing hormone/
follicle-stimulating hormone deficiency) [91].

Complications of hepatic involvement include sclerosing
cholangitis and cirrhosis of liver; the differentiation between
sclerosing cholangitis and cirrhosis of liver can be very dif-
ficult [7, 9, 26]. Patients with massive splenomegaly are at
risk for hypersplenism with resultant thrombocytopenia,
splenic rupture, and respiratory compromise [7, 26, 45].
Both liver and spleen are “risk organs” and their involve-
ment denotes a poor prognosis [7, 26].

Bone marrow is also a “risk organ”. As such, bone mar-
row involvement is associated with a poor prognosis [26].
Most patients with bone marrow involvement are young
children with multisystem LCH [7]. Severe bone marrow
involvement is often associated with secondary hemophago-
cytosis followed by a fatal course [24, 31].

Superficial lymph node involvement is relatively harm-
less. On the other hand, massive lymph node enlargement
in the mediastinum may cause superior vena cava syndrome
and compression of the airway with resultant respiratory
distress [9].
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Table 2 Differential diagnoses of some common manifestations of LCH

Manifestations

Differential diagnoses

Dermatosis

Lytic bone lesion

Central diabetes insipidus

Hepatosplenomegaly

Cytopenias

Seborrheic dermatitis [62-64]
Atopic dermatitis [30, 34]
Erythema toxicum [34, 35]
Monilial diaper dermatitis [62]
Irritant diaper dermatitis [30]
Intertrigo [30]

Dermatophytosis [30]

Herpes simplex [30]

Varicella [30]

Scabies [35, 65]

Psoriasis [66]

Lichen planus [67]

Lichen nitidus [40, 68]

Molluscum contagiosum [42, 43, 69, 70]
Neonatal hemangiomatosis [71-73]
Juvenile xanthogranuloma [7, 33]
Mastocytosis [74]

Malignant melanoma [75]

Osteomyelitis [76]

Osteogenic sarcoma [34, 35]

Ewing sarcoma [34, 35]

Multiple myeloma [7, 76]

Bone metastasis [76]

Non-ossifying fibroma [76]

Giant cell tumor [76]

Enchondroma [76]

Simple (unicameral) bone cyst [76]

Aneurysmal bone cyst [34, 35]

Fibrous dysplasia [76]

Nephrogenic diabetes insipidus [77]

Diabetes mellitus [77]

Primary polydipsia [77]

Infections (e.g., infectious mononucleosis, malaria, leishmaniasis,
congenital syphilis) [78, 79]

Chronic liver disorders (e.g., chronic active hepatitis, cirrhosis)
Congestive heart failure

Malignancies (e.g., leukemia, lymphoma) [80]

Hematological disorders (e.g., thalassemia, myelofibrosis) [80]
Storage disorders (e.g., glycogen storage disease, Niemann—Pick disease, Gaucher disease) [80]
Systemic lupus erythematosus

Sarcoidosis

Aplastic anemia [81, 82]

Fulminant sepsis [82]

Malignancies (e.g., aleukemic leukemia, metastatic cancer infiltrating the bone marrow) [82]
Myelodysplastic syndrome [81, 82]

Medications (e.g., cytotoxic drugs, idiosyncratic reactions to medications) [81]

Autoimmune disorders (e.g., systemic lupus erythematosus, rheumatoid arthritis) [81]

Disseminated intravascular coagulopathy [81]

Hypersplenism [82]

Hemophagocytic lymphohistiocytosis [82]

Syndromes (e.g., Fanconi syndrome, Wiskott—Aldrich syndrome, Shwachman—Diamond syndrome) [82]
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Table 2 (continued)

Manifestations Differential diagnoses

Cervical lymphadenopathy

Viral infections (e.g., infectious mononucleosis, rubella, rubeola, HIV) [78, 83, 84]

Bacterial infections (e.g., streptococcal pharyngitis, cat scratch disease, tuberculosis) [85]
Protozoal infections (e.g., toxoplasmosis, leishmaniasis) [86]

Fungal infections (e.g., candidiasis, histoplasmosis) [86]

Malignancies (e.g., lymphoma, leukemia, metastasis) [86—88]

Kawasaki disease [89]
Rosai—-Dorfman disease [7]

Kikuchi—Fujimoto disease [86]

Sarcoidosis [30]

Collagen vascular diseases [86]

Serum sickness [86]

Medications (e.g., phenytoin, carbamazepine, hydralazine) [86]

Patients with lung involvement are at risk for pneumo-
thorax, pleural effusion, pulmonary fibrosis, and pulmonary
hypertension [7, 9, 24].

Neurodegeneration of the central nervous system, a pro-
gressive and devastating complication, occurs in 1-3% of
patients with LCH [9]. It is believed that the neurodegen-
eration is due to demyelination and gliosis from cytokine/
chemokine-mediated neural damage [31, 37]. Clinically,
neurodegeneration of the central nervous system manifests
as headaches, dysarthria, visual disturbances, cerebellar dys-
function, psychomotor developmental delay, neuropsycho-
logic deficits, and behavioral problems [9, 31].

It has been shown that adult patients with LCH are at risk
of malignancies such as Hodgkin lymphoma, lymphoblastic
leukemia, and solid tumors [25, 92, 93].

Management

Treatment depends on the site and extent of the disease.
Patients with LCH will benefit from a multidisciplinary
approach. Consultations with a dermatologist, oncologist,
orthopedic surgeon, endocrinologist, hematologist, and neu-
rologist should be considered.

Single-system LCH

Watchful waiting is recommended for patients with skin-
only LCH [29, 45, 90]. In the majority of cases, isolated skin
lesions regress spontaneously, especially for those with con-
genital self-healing LCH [2, 52]. Children with isolated skin
lesions, however, should be followed up closely, because
a significant number of them will progress to multisystem
LCH [7, 29]. Patients with symptomatic or refractory skin-
only LCH may be treated with topical tacrolimus/corticos-
teroids, topical nitrogen mustard, oral methotrexate, oral
hydroxyurea, oral thalidomide, or psoralen and ultraviolet
A therapy [29, 45, 61].
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A solitary lesion in the frontal, parietal, or occipital bone
(non-CNS risk) may be treated with curettage with or with-
out an intralesional corticosteroid injection [9, 29, 61]. On
the other hand, a solitary lesion in the mastoid, orbital, tem-
poral, or sphenoid bone (CNS risk) may require combined
treatment of oral prednisone and intravenous vinblastine
[29, 45, 61]. Spinal or femoral bone lesion may benefit from
radiation therapy and bracing [45, 61].

For single lymph node involvement, surgical excision
is the treatment of choice [61]. If there are two or more
regional lymph nodes involved, treatment consists of a short
course of systemic corticosteroids. Treatment-resistant
lymph nodes may require chemotherapy as given for multi-
system LCH [61].

Multisystem LCH

The current recommended first-line therapy for patients with
multisystem LCH is 12 months therapy with prednisone
and vinblastine [3, 29, 30, 61, 94]. The regimen consists
of 6 weeks of initial therapy with prednisolone (40 mg/m?/
day orally for 4 weeks, and then tapered over 2 weeks) and
vinblastine (6 mg/ m? weekly intravenous bolus for 6 weeks)
[61]. This is followed by a continuation therapy for a total
treatment duration of 12 months [61, 94]. Continuation ther-
apy consists of prednisolone (40 mg/m?/day) given orally for
5 days and vinblastine (6 mg/m?) as an intravenous bolus
every 3 weeks [94]. Mercaptopurine (50 mg/mg/m?/day
given orally) is added for patients with risk organ involve-
ment [30, 61]. Treatment of lesions in the central nervous
system can be difficult because of poor penetration of chem-
otherapeutic agents into the central nervous system and the
risk of neurodegenerative complications which might occur.

Patients who do not respond to standard first-line ther-
apy may either undergo a second induction phase (for those
without risk organ involvement) or proceed to second-line
therapy (for those with risk organ involvement) [61]. Cyta-
rabine (100—170 mg/m*/day for 3—5 days every 3—4 weeks)
can be used for second-line therapy [61].
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Targeted therapy

Vemurafenib, a BRAF V6000 inhibitor, may be considered
for the subset of high-risk patients with BRAF V6000 muta-
tions [9, 30, 45]. Likewise, trametinib and cobimetinib,
MEK inhibitors, may be considered for high-risk patients
with mutations in the MAPK pathway [29, 30]. Currently,
the use of target therapy is still experimental and should
only be used judiciously as an additional tool rather than
as a replacement therapy [29]. The optimal dose, time, and
duration of treatment have yet to be determined.

Additional therapy

It goes without saying that complications such as diabetes
insipidus, short stature, hypothyroidism, hypoadrenalism,
and hypogonadism may require treatment with appropriate
hormones. Hearing loss and musculoskeletal disabilities
should be properly treated. Patients with LCH need to have
long-term follow-up to monitor for disease recurrence and
late effects [61].

Prognosis

Prognosis is dependent on a variety of factors, including the
age of onset, the rate of disease progression, the number of
organs involved, and the degree of organ dysfunction [12,
16, 33, 38, 39]. Sequelae from LCH are common, affect-
ing more than 50% of patients [95]. In general, children
with single-system involvement (single system LCH) tend
to have more favorable outcomes than those with multisys-
tem involvement (multisystem LCH) at diagnosis, with or
without involvement of “risk organs” [9, 11]. The mortal-
ity rate is very low for patients with single-system LCH,
whereas the mortality rate ranges from 10 to 50% for those
with multisystem system LCH [24, 94]. The prognosis is the
worst in children under the age of 2 years with disseminated
multisystem system LCH and organ dysfunction [25, 33, 38,
39]. When LCH is localized to the bone or skin, the lesion
may spontaneously resolve in few months or years [24, 96].
Congenital self-healing LCH has the best prognosis, as skin
lesions tend to spontaneously resolve within months [31,
51, 52].

Conclusions

Because of the many faces of the disease, LCH remains
a diagnostic dilemma for the treating physician. Famili-
arity with wide variation in clinical manifestation of
LCH is important which may give clues to the diagnosis.
Morphological identification of LCH cells and positive

immunochemical staining with CD1a, S100, and/or CD207
(Langerin) of lesional cells are necessary for a definitive
diagnosis.
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