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“Langerhans cell histiocytosis” (LCH) de-

scribes a spectrum of clinical presenta-

tions ranging from a single bone lesion or

trivial skin rash to an explosive dissemi-

nated disease. Regardless of clinical se-

verity, LCH lesions share the common

histology of CD1a1/CD2071 dendritic cells

with characteristic morphology among an

inflammatory infiltrate. Despite historical

uncertainty defining LCH as inflamma-

tory vs neoplastic and incomplete under-

standing of mechanisms of pathogenesis,

clinical outcomeshave improvedmarkedly

over the past decades through coopera-

tive randomized clinical trials based on

empiric therapeutic strategies. Significant

advances include recognition of high- and

low-risk clinical groups defined by hema-

topoietic and/or hepatic involvement, and

of the importance of optimal intensity and

of duration of chemotherapy. Neverthe-

less, mortality of high-risk patients, dis-

ease recurrence, lack of robustly tested

salvage strategies, and significant disease

morbidity of bothhigh- and low-risk patients

remain challenges. Recent discovery of re-

current somatic mutations in mitogen-

activated protein kinase pathway genes

at critical stages of myeloid hematopoietic

differentiation in LCH patients supports re-

definition of the disease as amyeloprolifer-

ative disorder and provides opportunities

to develop novel approaches to diagnosis

and therapy. (Blood. 2015;126(1):26-35)

Clinical scenarios

Case 1

A newborn has a scaly rash diagnosed as “cradle cap.” Due to
persistence despite topical therapy for 2 months, a skin biopsy is
diagnostic of Langerhans cell (LC) histiocytosis (LCH). Evaluation for
other sites of disease reveals he has “skin-only”LCH.By 4months, the
rash begins to resolve without therapy and by 1 year it disappears.

Case 2

Anewbornhas a scaly rashdiagnosed as “cradle cap.”The rashpersists,
but no investigations are done until 22 months when she develops
dyspnea and begins waking up at night crying for a bottle. Chest
radiograph shows a diffuse interstitial pattern and computed tomog-
raphy (CT) scan reveals large pulmonary cysts and nodules. Magnetic
resonance imaging (MRI) of her pituitary shows absence of the pos-
terior bright spot and an enlarged stalk. Positron emission tomography
(PET) scan reveals abnormal uptake inmastoid, liver, spleen, and lungs.
Biopsy of the mastoid is consistent with LCH. Bone marrow biopsy
does not demonstrate CD1a1/CD2071 histiocytes, but quantitative
polymerase chain reaction (qPCR) estimates 1% of marrow aspirate
cells carry the BRAF-V600E mutation. She is treated with vinblastine/
prednisone for 12weekswith no response. She then receives cytarabine
for 2 months with little change in the PET scan and her rash persists.
Finally, she is treated with clofarabine and achieves a complete
remission.

Case 3

A 55-year-old woman with a 30-year history of 2-pack-per-day
cigarette smoking presents with acute chest pain and dyspnea. Chest
radiograph reveals a right-sided pneumothorax with multiple cysts
throughout the lungs, and CT scan demonstrates innumerable paren-
chymal lesions. Lung biopsy reveals CD1a1/CD2071 cells, consistent

with LCH. PET scan and other evaluations do not identify other sites of
disease. The pneumothorax resolves following video-assisted thoraco-
scopic surgery and the lung lesions regress after 6 months of smoking
cessation.

Case 4

A 35-year-old woman has a 5-year history of ulcerative vaginal rashes
resulting in chronic pain. Various topical ointments and oral antibiotics
were ineffective. In the past 12 months, she has developed extra-
ordinary thirst (3 gallons of water daily). Repeated tests for glycosuria
and hyperglycemia are negative. She has ataxia, tremors, and severe
memory deficits. MRI is performed and identifies a large enhancing
hypothalamic lesion, pituitary stalk thickening, absence of the posterior
pituitary bright spot, and T2 and fluid-attenuated inversion recovery
(FLAIR) enhancement in the cerebellar white matter. Biopsy of
a vaginal papule is consistent with LCH. Treatment with cytarabine is
initiated. Six months later, the brain MRI normalizes and vaginal
lesions resolve.

Introduction

As evidenced by these cases, LCH encompasses a broad spectrum
of clinical manifestations in children and adults, ranging from
self-limited lesions to life-threatening disseminated disease, with
the common feature of inflammatory lesions that include CD1a1/
CD2071 dendritic cells (DCs) (Figure 1). LCH remains a major
clinical problem with incidence of ;5 cases per million children
(similar to pediatric Hodgkin lymphoma)1-3 and, although probably
incompletely recognized and reported, an estimated 1 to 2 cases per
million adults.4 Outcomes have improved substantially for patients
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with disseminated high-risk LCH. However, over 10% still die of
their disease, and significant numbers of patients experience reacti-
vations and long-term morbidity. Progress has been challenged by
incomplete understanding of pathogenesis and uncertain categori-
zation of LCH as an inflammatory vs a neoplastic disorder. Recent
discoveries of recurrent activating mutations in mitogen-activated
protein kinase (MAPK) pathway genes provide opportunities to test
novel rational therapeutic strategies.

The vast majority of data in LCH is generated from randomized
pediatric clinical trials and case series. The ability to extrapolate the
pediatric experiencewith risk assessment and therapy to adults remains
uncertain. In adedicated section,wehighlight special considerations for
adult patients.

A brief history

LCHfirst appeared in themedical literature around 1900with reports
of children with skin lesions, lytic bone lesions, and diabetes in-
sipidus (DI), classified as Hand-Schüller-Christian disease. Reports
also emerged of infants with disseminated inflammatory lesions
including liver, spleen, and bonemarrow, classified as Letterer-Siwe
disease.5,6 In the 1950s, Lichtenstein noted the common histologic
appearance of lesions from “eosinophilic granulomas,” Hand-
Schüller-Christian disease, and Letterer-Siwe disease, hypothesized
a common cell of origin, and proposed the name “Histiocytosis X,”
with “X” indicating the uncertain origin.7 In the 1970s, Nezelof
discovered the presence of Birbeck granules, a cytoplasmic structure
ultimately associated with langerin (CD207), in the lesional LCH
cells (Figure 1). Because Birbeck granules had only been identified
in epidermal LCs, Nezelof hypothesized that “Histiocytosis X”
arises from the epidermal LC lineage, and the disease has since been
named “Langerhans cell histiocytosis.”8

New biology as a myeloproliferative neoplasia

Alternative origins of LCH

From the 1970s until 2010, debates on LCH pathogenesis centered
around the nature of LCH as a neoplastic transformation vs dys-
regulated immune activation of the epidermal LC.9 However, the
origin of LCH cells from the epidermal LC lineage has recently
been challenged. Langerin expression is more widespread than
previously appreciated: blood-derived CD2071 DCs distinct from
epidermal LCs are detected in lymphoid and nonlymphoid organs
where LCH lesions arise, making alternative origins of LCH cells
plausible,10-13 and gene expression profiling is more consistent
with the LCH cell being a myeloid precursor than a differentiated
epidermal LC.14

Somatic mutations in MAPK genes

A breakthrough in understanding of LCH pathogenesis came with the
discovery15 and validation16-19 of recurrent BRAF-V600Emutations in
over 50% of LCH lesions. BRAF, a central kinase of the MAPK path-
way, regulates critical cellular functions (Figure 2). The BRAF-V600E
mutation induces constitutive activation of downstreamMAPK/ERK
kinase (MEK) and extracellular signal-regulated kinase (ERK) pro-
teins. Whole-exome sequencing and targeted sequencing recently
identified recurrent mutations inMAP2K1, encodingMEK1, in 33%
to 50% of LCH lesions in which BRAF is not mutated.20,21 Addi-
tional cases of other mutations in MAPK genes have also been
reported, including ARAF and ERBB3.21,22 The importance of
MAPK signaling in LCH pathogenesis is further supported by ERK
phosphorylation in all LCH cells reported to date.15,21

LCH as a myeloid neoplasia

Although BRAF-V600E arises in manymalignancies, it also is found
in benign growths, such asmelanocytic nevi.23,24 The significance of
hyperactive ERK in driving LCH pathogenesis is supported by the
ability of enforced expression of conditionalBRAF-V600E driven by
CD11c-Cre to recapitulate a LCH-like phenotype in mice, whereas
a more attenuated phenotype was observed when Cre was under
control of a langerin promoter.16 Furthermore, BRAF-V600E was

Figure 1. Histology of LCH lesions. This figure depicts a typical LCH lesion with characteristic histology. Pathologic “histiocytes” with reniform nuclei and eosinophilic cytoplasm

are scattered among an infiltrate of lymphocytes, eosinophils, andmacrophages. The LCH cells react to immunostains for CD207, CD1a, and S100, but not for fascin or factor XIIIa.

This biopsy could be from any child or adult with low- or high-risk LCH. H&E, hematoxylin and eosin. Images courtesy of John Hicks, Baylor College of Medicine.

Figure 2. Recurrent activating MAPK mutations in LCH. Known recurrent

mutations in LCH are depicted. The majority of patients have mutually exclusive

activating mutations in BRAF (BRAF-V600E) or MAP2K1. Individual cases of mu-

tations in ARAF and ERBB3 have also been reported (*). In 15% to 40% of LCH

lesions, no MAPK somatic mutations are identified. However, early series suggest

ERK is activated in all cases of LCH. The dashed black line represents mechanisms

of ERK activation outside of the MAPK pathway that remain to be defined. “Rx”

represents steps in ERK activation that may be therapeutic targets. The red dashed

line represents potential to target mechanisms outside of the MAPK pathway

(eg, phosphatidylinositol 3-kinase/AKT) that may inhibit ERK activation by alternative

pathways. The lightning bolt represents mechanisms downstream of ERK activation,

that remain to be defined, that lead to LCH pathogenesis.
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identified in hematopoietic cells in bone marrow of patients with
high-risk LCH. Based on these data, we propose the misguided
myeloid DC model of LCH pathogenesis where the state of cell
differentiation inwhich pathologic ERKactivation arises determines
the clinical extent of LCH (Figure 3). The finding of mutations with
potential to drive pathogenesis of LCH in hematopoietic stem cells
and myeloid precursor cells supports classification of LCH as a
“myeloproliferative neoplasm.”25 The inflammatory infiltrate also
likely contributes to aspects of pathogenesis. LCH may therefore
constitute an “inflammatory myeloid neoplasia.”9

Clinical presentations and evaluation

Diagnosis

As illustrated by the introductory cases, LCH is a challenging di-
agnosis due to the spectrum of clinical manifestations and overlap
with more common conditions. In 1 pediatric series, median time to
diagnosis from initial symptoms exceeded 3 months.26 Anecdotally,
we have treated adults who had active disease for decades before
being diagnosed. The critical element for diagnosis is biopsy with
characteristic histiocytes with surface expression of CD207 (langerin)
andCD1a. Excisional biopsy is optimal to obtain a samplewith intact
architecture. Although normal skin and lymph node biopsies include
scattered physiologic LCs, abnormal clusters of CD1a1/CD2071

histiocytes define LCH. Comprehensive histologic evaluation in-
cluding antibodies against CD163, fascin, and factor XIII is helpful
to identify mixed histiocytic lesions (eg, juvenile xanthogranuloma/
LCH or Erdheim-Chester [ECD]/LCH).

Extent of disease

Initial screening tests followed by directed testing define the extent
of disease.27 Studies for newly diagnosed LCH patients include
skull series, skeletal survey, chest radiograph, complete blood count,
liver enzymes including aspartate aminotransferase, alanine
aminotransferase, and g-glutamyl transferase, and assessment of

synthetic function. PET scans are effective to screen for lesions.28

Ultrasound or MRI may identify lesions in patients with suspected
liver involvement. CT scanning is useful to assess lesions in the orbit,
mastoid, sphenoid, and temporal bones. MRI is effective in eval-
uating lesions in brain, pituitary, vertebrae, spinal cord, and pelvis.28

We perform bone marrow biopsy and aspirate on patients younger
than 2 years old or any patients with cytopenias, and endoscopy with
biopsy on patients with evidence of malabsorption (Table 1).

Risk stratification

Validated risk stratification criteria for children include sites of
disease and response to initial therapy. Patients with lesions in “risk
organs” including bone marrow, spleen, or liver have significantly
higher risk of mortality than patients with lesions limited to
“nonrisk” sites. Risk stratification for LCH is based on analysis of
outcomes of prospective pediatric trials, and significance of “risk
sites” remains uncertain in adults. Patients with high-risk LCH have
survival of almost 90%, but outcomes are significantly worse if the
disease progresses during the first 12 weeks of therapy.29 We and
others have found that the BRAF-V600E mutation is not associated
with clinical variables including risk category or survival,15,16,18 but
our longitudinal outcome data16 suggest BRAF-V600Emay be asso-
ciated with a twofold increase in risk of treatment failure or reac-
tivation. Prospective trials are needed to validate the impact of specific
somatic mutations on clinical outcomes.

Evaluating disease activity and response to therapy

PET scan is effective in evaluating response to treatment of most
lesions (Figure 4) except vertebral lesions, which may be better
visualized by MRI that will capture changes in soft tissue or en-
hancement of the bone.28 Vertebral CT scans may add information
on bone response to therapy and CT scans are also optimal for
following bony lesions of the skull, whereas MRI is most effective
for parenchymal brain and pituitary lesions. Bone healing may lag
resolution of other lesions (Figures 5-6). CT scanning is also an
optimal study to evaluate lung lesions, though cysts may remain as
permanent consequences following resolution of nodular parenchy-
mal lung lesions (Figure 7). Clinical examination is sufficient follow-
up for proven skin-limited disease, and patients with single bone
lesionsmay be followed by clinical examination, radiograph, orMRI
to minimize radiation exposure.

Therapeutic strategies

Consideration of specific presentations

Skin-limited LCH. Cases 1 and 2 illustrate the clinical challenges
of infants with skin lesions,who are sometimes assumed to have self-
resolving skin-limited LCH. This diagnosis can only be made in
retrospect after full evaluation for other sites of disease and then only
after the lesions actually resolve30,31; in an institutional series, 40%
of patients referred for skin-limited LCH had multisystem disease
upon further evaluation.26 Infants with true skin-limited LCH have
only a remote chance of developing LCH in another organ system,
and these rare cases likely represent incompletely evaluated patients
at presentation.26 Systemic therapy is appropriate for patients
who either are symptomatic with pain, secondary infection, or other
complications from persistent lesions. Data for effective therapy for
skin-limited disease are limited to case series. Therapies include

Figure 3. Misguided myeloid DC model of LCH pathogenesis. According to this

model, the stage of differentiation in which pathologic ERK activation arises de-

termines the clinical manifestations of LCH. In this model, activating mutations in

hematopoietic stem cells or undifferentiated myeloid DC precursors result in multi-

focal high-risk disease, whereas mutations in tissue-restricted precursors results in

multifocal low-risk disease, and mutations in more differentiated tissue-restricted

precursor cells result in a single lesion. The CD2071 cells in LCH lesions represent

differentiated myeloid cells with indistinguishable phenotype regardless of cell of

origin that presumably recruit and activate other inflammatory cells.
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topical steroids, nitrogen mustard, or imiquimod; surgical resec-
tion of isolated lesions; phototherapy; systemic methotrexate,
6-mercaptopurine, vinblastine/vincristine, thalidomide, cladribine, and/
or cytarabine.26 We initially treat patients with symptomatic lesions
with oral methotrexate (20 mg/m2 weekly) and 6-mercaptopurine
(50 mg/m2 per day), then adjust as needed for myelosuppression.
Patients with deep ulcerative LCH lesionswho do not respond to oral
therapy may require systemic chemotherapy.

Single bone lesions. Isolated bone lesions can be effectively
treated with limited curettage and/or corticosteroid injection.32 Large
pelvic lesions or vertebral lesions not amenable to curettage may be
treated with systemic therapy. Radiation therapy may be effective in
older children with single vertebral lesions that have not caused com-
plete collapse of the vertebra orwith a lesion in the greater trochanter of
the femur at risk for pathologic fracture.Althoughpublished doses used
for treatment of LCH range from 2.5 to a very high 45 Gy (median,
10Gy),33we recommend limiting the total dosage to 7.5Gy in children.
Adult series have reported effective outcomes with doses from 10 to
20 Gy.34 The response to radiation therapy is generally excellent, with
90% achieving control of disease. Although there are few reported
cases of secondary malignancy following radiotherapy for LCH, the
theoretical risk should be considered.35-37

Patients with single bone lesions have only a 10% chance of re-
activation.38 Gross total resection of LCH bone lesions is not only
unnecessary but harmful, impeding the remodeling that occurs when
margins remain intact (Figure 5).

Multiple bone lesions or bone plus another nonrisk site.
LCH is rarely fatal in patients with multifocal bone disease, but over
half require.1 course of treatment.29,39 The current standard of care as
determined by results from the LCH-III trial is to treat these patients
with vinblastine/prednisone for 1 year. The frequency of reactivation
was significantly decreased by 1 year vs 6 months of therapy,29 sug-
gesting that further prolongation of this mild treatment may further
reduce reactivations. This is being tested in the LCH-IV trial.

High-Risk LCH. When an infant presents with hepatomegaly,
splenomegaly, ormarked cytopenias, the diagnosis of high-risk LCH is
straightforward. However, in some cases, risk-organ involvement may
be subtle. Hepatic LCH is usually associated with elevated liver
enzymes, hypoalbuminemia, or hypoproteinemia. Imaging with ultra-
sound or MRI may show hypodense areas along the biliary tracts.40

Biopsy of the liver rarely shows CD1a1 cells, but more often lym-
phocytes and monocytes which infiltrate the portal triads.13 Rarely,
mass lesions with CD1a1 cells may also arise in the liver. PET scans
are helpful in identifying involvement of the spleen and liver.

As illustrated in case 2, current histologic approaches may be
insufficiently sensitive to detect bone marrow involvement.16,41 Based
on qPCR of bone marrow aspirate of patients with BRAF-V600E LCH
lesions, bone marrow infiltration by BRAF-V600E1 cells is ,1%
in most cases, and half of the cases reported as histologically normal
had detectable cells with BRAF-V600E.16 The relative insensitivity of

Table 1. General clinical approach to LCH

Clinical approach to LCH

Initial consideration of diagnosis of LCH

• Physical examination, history, or other clinical or laboratory tests suggest

possibility of LCH

Initial evaluation

• Assess need for biopsy, optimal site for biopsy, and possible alternative

diagnoses (eg, lymphoma, infection)

• Complete blood count, chemistries, liver function, coagulation studies,

sedimentation rate, immunoglobulins, LDH, uric acid, ferritin

• Skeletal survey with 2 views of chest and 4 views of skull

Suspicion for LCH

• PET/CT scan (recommended)

• Diagnostic biopsy: open biopsy with curettage is optimal (complete excision is

NOT required)

• Intralesion corticosteroid injection if single bone lesion is suspected

Pretherapy baseline studies and special circumstances*

Bone marrow biopsy and aspirate

• All patients under 2 y

• Any patient with cytopenias

CT skull/maxillofacial scan

• CNS-risk lesions

• Baseline neurocognitive evaluation

• Baseline MRI brain

• Baseline hearing evaluation if auditory canal or temporal bones are involved

MRI brain

• History concerning for DI or pituitary dysfunction

• Urine-specific gravity and urine and serum osmolality/water deprivation test

• Diagnostic LP (cytology and AFP/b-HCG for isolated pituitary mass)

• Endocrine evaluation (as directed by history)

MRI spine

• Concern for spinal cord involvement

CT chest scan

• Concern for pulmonary involvement

Abdominal imaging (U/S or MRI)

• Elevated transaminases, direct bilirubin or decreased albumin

Lower GI endoscopy

• Decreased albumin or history of malabsorption

Experimental

• BRAF/MAP2K1 genotyping of tumor (sequencing methods may yield false

negative due to relatively low “LCH” cell infiltrate in lesions)

• BRAFV600E qPCR of tumor. If mutation detected or no tumor tissue

available, BRAFV600E qPCR of peripheral blood (and bone marrow, if

applicable)

Monitor response to therapy and toxicity

Single lesion (not CNS-risk) or skin-limited disease:

• Chemotherapy is not necessary in many cases, and disease may be

monitored by focused imaging and/or clinical examination

For patients requiring chemotherapy:

Every cycle:

• Complete blood count

• Liver function

• Sedimentation rate (if initially abnormal)

• Chemistries/osmolality (if initially abnormal)

After 6-8 wk (depending on therapy/protocol):

• PET/CT scan and/or specific imaging from initial staging

• Bone marrow biopsy/aspirate (if initially positive)

• Experimental: circulating BRAF-V600E in blood and bone marrow aspirate

(if initially positive)

Clinical concern for progression or relapse:

• Repeat 6- to 8-wk evaluations

End of therapy:

• Repeat 6- to 8-wk evaluations

Brain MRI for patient with CNS-risk lesions

Off-therapy management

3 mo:

• PET/CT scan or focused imaging of original site of disease at 3 mo off-therapy

Table 1. (continued)

Clinical approach to LCH

• Office visit every 3 mo through 1 y

• Focused imaging for clinical concerns

1 y:

• Comprehensive clinical evaluation every 6 mo through 3 y off therapy, then

annual

AFP, alpha-fetoprotein; b-HCG, beta-subunit of human chorionic gonadotropin;

GI, gastrointestinal; LP, lumbar puncture; U/S, ultrasound.

*For patients enrolled on study (eg, LCH-IV), follow protocol-specific requirements.
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histological analysis is likely due to variable differentiation and low-
level infiltration of LCH precursor cells.

The current standard of care for patients with high-risk LCH is 1
year of therapy with vinblastine/prednisone/mercaptopurine, based on
the LCH-III study. Addition ofmethotrexate to vinblastine/prednisone/
mercaptopurine did not impact response or relapse-free survival of
high-risk patients. However, increasing treatment duration from 6
months in LCH-II to 12 months in LCH-III was beneficial.42,43 We
recommend close follow-up for signs of treatment failure or reacti-
vation for these patients.

In a retrospective institutional series, we found cytarabine mono-
therapy may be a potentially effective frontline approach,44 though
determining relative safety and efficacy compared with vinblastine/
prednisone would require a randomized trial.

CNS-risk lesions. In children, bone lesions in the mastoid,
sphenoid, orbit, clivus, or temporal bone represent central nervous
system (CNS)–risk lesions, indicating increased risk of developing DI
and/or neurodegenerative CNS LCH (ND LCH).45 Patients with these
“risk” lesions treated with surgery alone or single-agent therapy had
a 40% incidence of DI compared with a 20% chance of developing DI
when treated for 6 months with vinblastine/prednisone.46 The LCH-III
study, in which a year of vinblastine/prednisone was used, showed
a further reduction of DI incidence to 12%.29 If patients have refractory
or recurrent disease with vinblastine/prednisone, subsequent treatment
with cytarabine or clofarabine may be effective.47,48

Special situations

CNS lesions. DI is the most frequent initial sign of LCH in the
CNS.49 In children with isolated DI and a thickened pituitary stalk,
themost likely diagnoses are LCH, germ cell tumor, or lymphoma.50

LCH is frequently a diagnosis of exclusion with normal germ cell
markers and normal CSF cytology. Due to risks of pituitary biopsy,
in such patients it is reasonable to initiate LCH therapy empirically
andmonitor for early response byMRI.Development ofDI during or
after treatment of another site is considered reactivation and we treat
with LCH-directed therapy for an additional yearwith cytarabine. As
illustrated in case 4, patients with long-standing active CNS LCH
lesions are at risk for progressive pituitary damage as well as

development of ND LCH. In adults with isolated DI, differential
diagnosis may also include ECD. Absent other sites of disease in
a patient in whom biopsy is not possible, we would evaluate for
BRAF-V600E in peripheral blood or cerebrospinal fluid (CSF) to
support the diagnosis and identify potential for targeted therapy.
Based on experiences with pediatric cases of CNS LCH and juve-
nile xanthogranuloma (which is histologically similar to ECD),
clofarabine may be a reasonable empiric therapy for both LCH and
ECD in adults with isolated pituitary lesions.48

Figure 4. PET/CT scans are effective to stage

disease and to evaluate response to therapy in

LCH. Examples of 18-fluoro-deoxyglucose–PET scans

with CT identifying response to therapy. (A) A patient

with multifocal bone disease with interval improvement

of pelvic lesion and decreased PET avidity. (B) A

patient with multifocal lymph node disease (cervical,

axillary, inguinal) who initially failed to respond to

cytarabine therapy, then had significant response to 2

cycles of clofarabine.

Figure 5. LCH bone lesions may remodel if margins remain intact. These cases

highlight the potential for even very large bone lesions to remodel following dis-

ease resolution. (A) Skull CT scans before and after chemotherapy in a patient

with multifocal bone LCH. Remodeling following systemic chemotherapy nearly

normalizes bone structure in a patient with significant skull lesions. This patient

did not have any curettage or excisional surgery in the skull. (B) Brain MRI in a

patient with multifocal bone LCH before and after complete excision with place-

ment of mesh grafts. Complete excision of LCH lesion with margins into healthy

bone inhibits potential for remodeling. Following resections and successful chemo-

therapy, skull defects persist.
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Mass lesions of the brain may respond to vinblastine/prednisone,
cladribine, cytarabine, and clofarabine.47,48,51,52 Although there has
been no trial to suggest which of these regimens might be the best,
cytarabine has been effective in a majority of patients and has possible
benefit against ND LCH.47 Vinblastine/prednisone is an alternative
frontline treatment of pituitary/hypothalamic lesions based on estab-
lished protocols for multisytem LCH.

Neurodegenerative CNS LCH. Neurodegenerative CNS LCH
is a syndrome of uncertain etiology characterized by relentless pro-
gression of central neurodegeneration that may occur even 10 years
after presumed resolution of LCH lesions.53 Patients may develop clin-
ical symptoms of dysarthria, ataxia, dysmetria, and behavior changes.
MRI demonstrates hyperintensity of dentate nucleus and white matter
of cerebellum on FLAIR and T2-weighted images, or hyperintense
lesions of basal ganglia on T1-weighted images. There is also progres-
sive atrophy of the cerebellum (Figure 6). These diagnostic radiologic
findings may precede clinical symptoms by several years.46 A
challenge in patients with only radiologic evidence of neurodegenera-
tion is deciding when to treat. We perform regular neurologic exams
with theAtaxiaRatingScale onpatientswithCNS-risk lesions andwith
LCHND to document changes in tremor, kinetic functions, speech, and
visual abilities.54 A score increased by 5 points indicating clinical
deterioration and/or progressive changes on MRI merits consideration

of systemic therapy. Similarly, we perform annual brain MRI on
patients at risk to screen for development of LCH ND. Early in-
tervention in patients with evolving symptoms is critical. IV
g-globulin and retinoic acid have been reported to stabilize pro-
gression of LCH ND.55,56 In an institutional series, vincristine/
cytarabine was associated with improvement in clinical symptoms
andMRI images in 6 of 8 patients.47We therefore favor this strategy
for patients with LCH ND. Some patients fail to respond to these
therapies and have an inexorable decline in neurologic function over
the course of years. As the etiology of ND LCH remains uncertain, it
is not known whether MAPK inhibition could impact development
or progression of ND LCH.

LCH in adults

Data for treatment of adults with LCH are limited to case reports and
case series with no prospective clinical trials to inform therapeutic
strategies. In general, we follow the same diagnostic and therapeutic
approaches in adults as in children, with some specific considerations
outlined in the following sections.

Multifocal LCH

We found that vinblastine/prednisone according to standard pediatric
protocol had near universal toxicity and suboptimal efficacy in adults.57

We therefore initially treat adults with either multifocal bone disease,
bone and other site, or lesions in risk organs with cytarabine (100mg/m2

per dose3 5 days permonth3 12months). Patients with CNS lesions,
CNS-risk lesions, or progressive neurodegeneration (as in case 4) are
treated with a higher dose (150 mg/m2 per dose).

Oncologists less familiar with LCH sometimes advocate for
extreme surgical procedures. As with isolated pediatric bone lesions,
“clean” surgical margins are not required, and only a diagnostic biopsy
should be performed in patients with multifocal disease in whom
systemic therapy is indicated.

LCH in adults can arise as a component ofmixed histiocytic disease
with ECD, with mixed phenotype in the same lesion or as a distinct
phenotype of separate lesions.9,58 ECD generally has poorer outcome
than LCH andmay benefit from alternative initial therapy.59 PET scan,
MRI of chest (cardiac involvement), abdomen (kidney and aortic
involvement), and legs (tibial involvement), and biopsy of multiple
accessible lesions in adults with LCH may be informative to identify
patients with simultaneous ECD.

Pulmonary LCH

Case 3 illustrates the classic presentation of isolated pulmonary LCH in
adults who smoke, whichmay resolvewith smoking cessation alone. If

Figure 7. Pulmonary LCH. This high-resolution CT scan demonstrates pulmonary

lesions and associated cysts in a 3-year-old girl with high-risk LCH. LCH lesions were

cleared from lung parenchyma following cladribine therapy, though some cystic

disease was irreversible.

Figure 6. Neuroimaging of LCH lesions. These examples demonstrate typical

manifestations of LCH CNS and spinal cord lesions. (A) Brain MRI demonstrates T2-

hyperintensity in cerebellum classic for LCH neurodegenerative syndrome. In this

case, the patient had radiologic and clinical response to treatment with cytarabine.

(B) Spinal MRI demonstrates significant spinal cord lesions. This is a somewhat

atypical case of a 13-year-old girl who had marginal response to cytarabine, then

clofarabine. BRAF-V600E was detected in cells from the CSF, and the patient

ultimately had radiologic and clinical response to vemurafenib. (C) Brain MRI

demonstrates a pituitary mass classic for LCH, though differential diagnosis also

includes germinoma, lymphoma, and pituitary hypophysitis. In this case, the lesion

was biopsy proven to be LCH, and the patient responded to cytarabine therapy.
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lesions persist or progress, systemic therapy is indicated, initially with
corticosteroids. Patients with persistent disease despite smoking
cessation and a steroid trial may require chemotherapy. Although
there are more case series to support use of cladribine for refractory
pulmonary LCH,60-62 we favor cytarabine due to efficacy in adults
with multisystem LCH and the association of cladribine with bone
marrow aplasia.57 In extreme cases, lung transplant may be necessary
due to the extent of parenchymal injury.

Pain and fatigue syndrome in adults with LCH

Many adult LCH patients are afflicted with chronic pain and fatigue of
uncertain etiology. Pain may localize to specific sites despite lack of
identifiable pathology. Treatment with duloxetine, gabapentin, nar-
cotics, or bisphosphonates may ameliorate symptoms. Fatigue in adult
LCH patients may also be associated with panhypopituitarism,
hypoadrenalism, or hypothyroidism. Complete evaluation for these
endocrinopathies is critical.63

Salvage therapy

Despite almost universal survival of patients with “low-risk” disease,
patients with persistent or recurrent LCH suffer from significant
morbidities including pain, pituitary dysfunction, growth retardation,
hearing loss, sclerosing cholangitis, and progressive neurodegenerative
disease.64 Over 50% of patients with LCH will be refractory to initial
therapy or develop recurrent disease, with the majority of reactivations
occurring in the first 2 years.29,39,43 Long-term follow-up is therefore
critical. Repeat imaging depends on the site of disease and response to
therapy (Table 1).

We consider the standard of care for initial therapy to be vinblastine/
prednisone according to LCH-III in patients requiring systemic
treatment. Many patients who fail to achieve a durable response are
ultimately cured with salvage therapies that include agents used in
treatment of acute myeloid leukemia, including cytarabine, cladribine,
and clofarabine.57,65-67 Lower-dose cladribine (5 mg/m2 per day 3 5
days per month3 6 months) was effective in achieving a response in
patients who were refractory to frontline therapy with response rates of
22% in patients with risk-organ involvement and 62% in patients
without risk-organ involvement, but only 4%were cured byweek 24.65

Intermediate-dose cytarabine (100-170 mg/m2 per day) was associated
with 41% progression-free survival in an institutional series.44 By
comparison, a salvage strategy based on a much higher dose com-
bination of nucleoside analogs cytarabine (1 g/m2 per day) and
cladribine (9 g/m2 per day35 days per cycle)was universally effective
in achieving cure in surviving patients, but was associated with ex-
tremely high treatment-related toxicity.68

The recent identification of immature myeloid precursors at
the origin of LCH pathogenesis may explain the relative efficacy of
the purine analogs in LCH.16 Clofarabine is a second-generation
nucleoside analog with activity in refractory acute myeloid leu-
kemia.69 Case series have reported clofarabine monotherapy as a
successful salvage therapy in LCH patients who failed to achieve
a durable response to cladribine or cytarabine.48,66,70 One-year
progression-free survival was 76% for 11 LCH patients who had
failed a median of 3 previous chemotherapy strategies, and most
patients (64%) had complete responses after 6 months of therapy.48

Data from phase 1 studies define the maximum tolerated dose in
children as 52 mg/m2 per day3 5 days.71 The majority of patients
in the LCH series received 25mg/m2 per day (5 days per cycle) for 6

cycles as outpatients, with minimal toxicity beyond predicted cyto-
penias. These data suggest that nucleoside analogs are effective in
treating LCH, with dose-dependent effects on therapeutic efficacy as
well as toxicity. Patientswith persistent high-riskLCHdespite adequate
attempts at salvage therapymay be curedwith stem cell transplant,with
improved outcomes with reduced-intensity conditioning.72,73

Late effects

Morbidity associated with disease as well as therapy remains a major
challenge in LCH.64 Patients lagging in growth or with other clinical
signs concerning for pituitary dysfunction should be referred for eval-
uation of possible polyendocrinopathies. Patients with vertebral lesions
are at risk for chronic instability of the spine with pain and limitation of
motion. When LCH causes extensive damage to the bile ducts, pro-
gressive sclerosing cholangitis may develop, most often resulting in
liver failurewith the need for liver transplantation.74 The severityof late
effects is associated with extent and duration of active disease.39,46,64

We therefore treat all patientswith activeLCHwith curative intent,with
the possible exception of otherwise asymptomatic infants with skin
lesions. All patients should be monitored closely for neuropathy,
learning difficulties, and growth and development abnormalities.
Yearly brain MRIs and neuropsychological evaluations can identify
development or progression of LCH ND in patients with history of
DI or CNS-risk skull lesions.

The future of LCH

Clinical trials

The standard of care presented in this manuscript and improvements in
outcomes are based largely on cooperative randomized clinical trials
organized by the Histiocyte Society. Important concepts that have
emerged from Histiocyte Society trials include benefit of dose intensi-
fication,43 aswell as decreased reactivationwith therapy prolongation.29

The most recent Histiocyte Society trial, LCH-IV, is now open for
pediatric patients. The broad goals are to determine optimal therapy for
all patients, as stratified: high-risk multisystem, low-risk multisystem,
low-risk single system, and LCH with special site involvement,
particularly focusing on the difficult problem of diffuse CNS disease.
Weencourage enrollment of newly diagnosedpatientswithLCH in this
study. The randomized studies in theLCH-IVprotocol seek to optimize
the outcomes of first line treatments by testing prolonging (12 vs 24
month) and intensifying (66-mercaptopurine) treatment of high risk
patients, and by comparing 6- vs 12-month treatment for single system
disease. The protocol also embodies a randomized study of new com-
binations as second-line treatment of individuals with low-risk disease
either not initially responding or reactivating. Finally, it will explore
whether either IVIg or cytarabine impact the development or pro-
gression of neurodegenerative LCH.

Targeted therapy

Targeted inhibition of MAPK activation is an obvious therapeutic
strategy for LCH (Figure 2).15,20,21 An institution reported a series of
adults with ECD and/or LCH treated with vemurafenibwith promising
responses.75 Larger series with longer follow-up will be required to
determine the potential for cure and toxicity. In melanoma trials,
vemurafenib is associated with a complex toxicity profile, including
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secondary squamous cell carcinoma in over 30% of patients, and case
reports of more serious adenomas.76-78 Because LCH is almost uni-
versally cured with chemotherapy, the question of acceptable risk and
relative efficacy of agents that have not undergone phase 1 testing in
children remains unanswered. We favor development of clinical trials
to test novel agents in patientswhohavepersistent or progressive severe
disease after salvage chemotherapy. As we gain more experience with
these agents in children, they may move to earlier use alongside or
instead of chemotherapy.

Personalized therapy

New insights into LCH pathogenesis suggest that patients have indi-
vidual routes to LCH that depend on the MAPK mutation, the state of
differentiation in which themutation arises, genetic background, and
other as-yet-unidentified factors. As patients are treated on prospective
clinical trials, correlative biology studieswill inform the clinical utility of
risk stratificationbasedonmutation, differentiationof cells harboring the
mutation, persistenceof cells in circulation, plasma/CSFproteinprofiles,
or other biomarkers of disease burden and response to therapy, including
assays for specific mutations in peripheral blood (or CSF or urine).16,79

Conclusions

Concepts of LCH, including hematopoietic origin and optimal thera-
peutic approaches, continue to evolve. Emerging data support thera-
peutic strategies aimed at cure by eliminating the pathologic clonal cells
as opposed to “watch andwait” or episodic approaches sometimes used
for autoimmune disease. Increasing patient enrollment in clinical trials to
test novel strategies will further catalyze improvements. With reconsid-
eration of LCH as a myeloproliferative neoplasia, we hope that coop-
erative clinical trial groups and funding agencies will embrace LCH and
support research to improve outcomes for children and adults with LCH.
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