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Abstract

Objective—To identify features associated with multisystem involvement and therapeutic failure
in patients with skin Langerhans cell histiocytosis (LCH).

Study desigh—We reviewed medical records of 71 consecutive LCH patients with skin
involvement evaluated at Texas Children’s Hospital and analyzed clinical features, laboratory
results, and presence of circulating cells with the BRAF-V600E mutation, with respect to initial
staging and clinical outcomes.

Results—Skin disease in patients older than 18 months at diagnosis was associated with
presence of multisystem disease (OR 9.65, 95% CI 1.17-79.4). Forty percent of patients referred
for presumed skin-limited LCH had underlying multisystem involvement, half of these with risk-
organ involvement. Patients with skin-limited LCH had 3-year progression-free survival (PFS) of
89% after initial therapy, and none developed multisystem disease. Patients with skin/multisystem
involvement had 3 year PFS of 44% with vinblastine/prednisone therapy, and risk-organ
involvement did not correlate with failure to achieve non-active disease. Circulating cells with
BRAF-V600E were detected at higher frequency in multisystem patients (8/11 skin/multisystem,
1/13 skin-limited, P=0.002).
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Conclusions—sSkin-limited LCH requires infrequent therapeutic intervention and has lower risk
of progression relative to skin plus multisystem LCH. The less aggressive clinical course and lack
of circulating cells with BRAF-V600E mutation in skin-limited LCH suggest a different
mechanism of disease origin compared with multisystem or risk-organ disease.

Keywords

rash; myeloid; BRAF-V600E

Methods

Langerhans cell histiocytosis (LCH) is an inflammatory myeloid neoplasial characterized by
the accumulation of clonal CD207+ myeloid dendritic cells amidst an inflammatory
background of macrophages, T-lymphocytes, and eosinophils.2# LCH presents most
commonly in infants and children. The sites affected by LCH are highly variable, ranging
from single-system disease in skin or bone to multisystem disease, potentially with risk-
organ (liver, spleen, and bone marrow) involvement that predicts increased mortality.> LCH
patients frequently present with cutaneous signs that can sometimes resemble eczema or
seborrheic dermatitis, with the scalp being the most common site of involvement.® LCH
lesions involving the skin may represent skin-limited disease that can resolve spontaneously
or with minimal chemotherapy. Alternatively, skin lesions may represent the most clinically
evident manifestation of potentially life-threatening multisystem disease. Previous studies
have reported that 53% of patients with multisystem LCH present with skin lesions.”- 8
However, the true incidence of skin-limited LCH may be underestimated because patients
with spontaneously-resolving or mild disease may go undiagnosed or may not be referred to
specialists.? The potential of skin-limited LCH to “metastasize” to other organs is not clear,
with studies reporting widely variable occurrence of progression of isolated skin LCH to
multisystem disease (0-60%).7- 9-16

Risk-organ involvement and inadequate response to initial therapy are the major clinical
features currently associated with adverse outcomes in patients with skin LCH.>: 1718 Other
predictors of disease extent, risk of progression or recurrence, or survival remain to be
elucidated. The somatic BRAF-V600E mutation has been identified in pathologic dendritic
cells of LCH lesions in approximately 60% of patients.1® Although BRAF status of the
lesion does not predict risk-organ involvement, detection of BRAF-V600E in circulating
blood cells has been associated with increased risk of disease recurrence independent of
risk-organ involvement.! Among patients with BRAF-V600E mutation identified in lesional
biopsies, the presence of circulating cells with BRAF-V600E mutation was highly sensitive
and specific for multi-system high risk LCH.1 In this study we characterize the significance
of clinical variables, including age and presence of circulating cells with BRAF-V600E, with
respect to extent of disease at diagnosis and clinical outcomes in patients with LCH skin
lesions.

Medical records of 71 consecutive patients who presented with any LCH skin lesions, either
as skin-limited disease or multisystem disease, at the Texas Children’s Cancer and
Hematology Centers (TXCH) from March 2005 through October 2011 were reviewed.
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Patients who presented to TXCH either with de novo disease or by referral after diagnosis
were included in this study. The age, date of diagnosis, date of symptom onset, location of
LCH involvement, type of therapy, response to therapy, and time to recurrence or disease
progression were recorded. Review of patient records was performed according to protocols
approved by the Institutional Review Board of Baylor College of Medicine (BCM IRB).

Incidence and location of progression and recurrence were characterized as counts and
proportions using categorical variables and age of symptoms onset, age of diagnosis, and
time until disease progression were characterized with means and ranges. Disease state and
response criteria were defined according to the Histiocyte Society Evaluation and Treatment
Guidelines for LCH.20 Disease state was classified as non-active disease (NAD) or active
disease (AD). Response in patients with AD was noted as AD/better (improving disease),
AD/intermediate (stable disease, or regression with new sites of disease), or AD/worse.
Progression was defined as development of AD/worse. Progression-free survival (PFS) was
calculated using the Kaplan-Meier methods and compared by log-rank (Mantel-Cox) test,
and data were censored at time of last follow-up. Clinical variables between groups of
patients were compared using the two-tailed Mann-Whitney test for non-parametric data.
Contingency analyses were performed using Fisher exact test. Odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated to determine the association between clinical
features of skin LCH and multisystem disease. Mantel-Haenszel method was used to
determine hazard ratio of disease progression between skin-limited and skin plus
multisystem disease. Data analyses were performed using Prism v. 5.0 (GraphPad, La Jolla,
California).

A highly sensitive qPCR strategy was used to detect cells with the BRAF-V600E allele in
LCH biopsy specimens and peripheral blood mononuclear cells (PMBCs) as described
previously.! Experiments were performed and clinical data were collected according to
protocols approved by the BCM IRB.

Seventy-one patients presented with LCH skin lesions between March 2005 and August
2012 (Table). Twenty-one patients were determined to have skin-limited disease, and 43
patients had multisystem involvement. Seven patients, referred late in their treatment course
with multisystem disease, could not be categorized due to incomplete information at
diagnosis, and they were not included in subsequent analyses.

The majority of patients with skin-limited and skin plus multisystem disease were under 1
year of age at diagnosis (Table). Older age correlated with presence of multisystem disease
(P=0.01; Figure 1, A). Skin disease diagnosed in patients older than 18 months of age was
associated with the presence of multisystem disease (OR 9.65, 95% CI 1.17-79.4).
However, LCH skin lesions at a younger age was not correlated with absence of multisystem
disease, and LCH rash developing in the first week of life was not significantly associated
with absence of multisystem disease (OR 0.51, 95% CI 0.17-1.5; Figure 1, B). Time interval
of greater than 100 days between symptom onset and diagnosis correlated with presence of
multisystem disease (OR 3.82, 95% CI 1.24-11.8).
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Patients with LCH skin lesions were evaluated for multisystem disease by radiographic
skeletal survey and skull series, complete blood counts, hepatic function studies, and chest
x-ray. Additional tests (ie, brain magnetic resonance imaging, chest or abdominal computed
tomography) were obtained based on findings of the prior studies or the clinical presentation
of the patients.2! Fourteen of 35 patients (40%) referred by primary care providers for
presumed skin-limited LCH, ranging in age at symptom presentation from birth to 30
months of age, were subsequently found to have multisystem involvement. The most
common additional site of involvement was bone, in 10/14 patients (71%). Risk-organ
disease (liver, spleen, or bone marrow) occurred in 7/14 patients (50%). Lung disease (no
longer considered a risk-organ site)22: 23 was also present in 3/14 patients at time of post-
diagnostic evaluation.

Skin-Limited LCH

Skin-limited LCH in this cohort often resolved spontaneously, did not progress to involve
other organs, and in most cases responded to primary therapy. Of the 20 skin-limited LCH
patients with follow-up data, seventeen initially underwent a period of observation, and
three were treated at diagnosis. Twelve patients (60%) had spontaneous resolution without
any intervention or subsequent recurrence. Six patients (30%), five of whom were initially
observed, experienced disease progression or recurrence. In this series there were no cases
of patients with skin-limited LCH defined by comprehensive staging at diagnosis with
evidence of subsequent progression to other organ systems.

Only two patients with skin-limited LCH experienced disease progression after first therapy.
Of the eight patients who were eventually treated, five patients achieved non-active disease
(NAD) after initial therapy, two patients developed active disease (AD)/worse, and one
patient was lost to follow-up before therapy response could be assessed. Both patients with
AD/worse post treatment received oral methotrexate as initial therapy. Of the twenty skin-
limited LCH patients, eighteen (90%) had NAD at time of last follow-up. Three year overall
survival (OS) of all patients with skin-limited LCH was 100%. Progression was noted in six
patients (3-year PFS 70%). If progression only after therapy initiation is considered,
however, the 3-year PFS was 89% (Figure 2, A).

Multisystem LCH Including Skin Lesions

Patients with skin plus multisystem LCH were treated with systemic chemotherapy. Thirty-
nine patients had evaluable response to therapy, three were lost to follow-up, and one with
risk-organ involvement died prior to initiation of therapy. Three year OS of patients with
skin plus multisystem disease who received treatment was 100%. However, patients with
skin plus multisystem disease (3-year progression 77%) were significantly more likely to
progress than those with skin-limited disease (3-year progression 30%) (P=0.005; Figure 2,
B). Forty-four percent of patients with skin plus multisystem disease had risk-organ
involvement at diagnosis. There was no significant difference in progression between skin
plus multisystem patients with risk-organ involvement (n = 17; 3-year progression 80%)
versus non-risk involvement (n = 22; 3 year progression 68%) (P=0.26; Figure 2, C).
Median time to progression was 11 months in risk-organ disease and 16.3 months without
risk-organ disease.
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To evaluate the effect of standard vinblastine/prednisone-based therapy in the management
of skin plus multisystem LCH, and to minimize referral bias, we separately evaluated the 17
patients treated with this regimen as primary therapy within our institution and identified no
significant difference in progression between patients with or without risk-organ disease
(Figure 2, D). The majority of these patients with skin plus multisystem disease (56%)
experienced disease progression during or after initial therapy, whereas patients with skin-
limited disease rarely experienced post-treatment disease progression (11%) (Hazard ratio
4.00, 95% CI 1.22-13.18, P=0.02; Figure 2, E). Of the six patients with risk-organ
involvement who experienced disease progression, five had persistence or progression of
disease in risk organs, and none achieved NAD before disease progression. Of the three
patients without risk-organ involvement that recurred, all achieved NAD before recurrence,
and only one had disease recurrence in an organ besides skin.

Patients with skin plus multisystem disease usually responded to salvage therapy but often
required multiple different regimens for a durable complete response. Of the 39 patients
with evaluable therapy response, 29 (74%) had NAD at time of last follow-up after a median
of 3 distinct therapy regimens. Among patients with AD at last evaluation, five patients were
AD/better and five were AD/worse after a median of 2.5 regimens. Risk-organ involvement
did not predict eventual failure to develop NAD (P=1.00). No deaths occurred after
treatment initiation in this series.

Circulating Cells with BRAF-V600E Allele in Patients with Skin LCH

Pre-therapy peripheral blood samples were analyzed for circulating cells with the BRAF-
V600E mutation. Of 13 patients with active skin-limited disease, only 1 patient (8%) had
detectable circulating cells with BRAF-V600E mutation. These results were compared with
previously-analyzed peripheral blood from eleven patients with skin plus multisystem
LCH.! BRAF-V600E was identified in the circulating cells of 8/11 (72%) patients, all of
whom had BRAF-V600E. identified in the diagnostic biopsy. Six of the eight with
circulating BRAF-V600E cells had risk-organs involved. Circulating cells with BRAF-V600E
were detected not only at higher frequency in skin/multisystem patients but also in a higher
percentage of cells: 0.05-0.98% in the multisystem patients and 0.02% in the one skin-
limited patient with detectable mutation (Figure 2, F; P<0.001). In the one patient with skin-
limited LCH and circulating BRAF-V600E cells at diagnosis, BRAF-V600E cells were not
detected after effective treatment with oral methotrexate. Although diagnostic skin biopsy
tissue was not available to evaluate the frequency of BRAF-V600E in skin-limited patients,
we hypothesize that it occurs with similar frequency to LCH in general (50-65%) because
all studies to date find common frequency across clinical risk groups.t: 19 24,25 we
therefore hypothesize that these results reflect a lack of circulating LCH lesion precursors in
patients with skin-limited disease.

Discussion

LCH occurs in 2-10 per million children per year and 1-2 per million adults, with extreme
clinical heterogeneity.26-28 Involvement of risk organs (liver, spleen, and bone marrow) and
failure to respond to the first 12 weeks of therapy predict increased mortality risk.> 8
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Accurate staging is essential to determine optimal therapy, as observation or curettage may
be appropriate for single-system disease, whereas systemic chemotherapy is required for
multisystem LCH. Survival of LCH patients is greater than 90% in non-risk organ disease,
and the recent LCH-111 trial has shown decreased disease reactivation rates in both risk and
non-risk organ disease with prolongation of therapy from six months to one year.5: 29. 30
However, all LCH patients, especially those with prolonged uncontrolled disease, may
develop long-term morbidity including chronic pain, problems with growth,
endocrinopathies, and neurocognitive deficits.3! Timely recognition, staging, and therapy of
LCH are therefore essential for optimal outcomes.

Skin lesions are a classic feature of LCH. Because the appearance of LCH skin lesions is
variable and easily confused with more common childhood rashes such as eczema or
seborrheic dermatitis (Figure 3), consideration of LCH and diagnostic biopsy are often
delayed. In this series the median time from onset of symptoms to diagnostic biopsy was
greater than 3 months. Although some patients have selfresolving skin lesions,”: 2 our
experience has been that many patients who are diagnosed with LCH by skin biopsy are
frequently assumed to have skin-limited disease without further evaluation.

In order to identify clinical characteristics of skin LCH that might distinguish children with
skin-limited from multisystem disease, we reviewed 71 patients treated at Texas Children’s
Hospital over 5 years. In this series age of LCH diagnosis greater than 18 months was
strongly associated with risk of multisystem disease. Similar to the DAL-HX 83/90 studies,
in which the majority of patients with skin-only disease were also observed without
therapy,’ patients with single-system skin disease at diagnosis did not typically progress to
other organs besides skin. Overall survival in this series (0S=98%, with the only death
occurring prior to therapy) was similar to previously published reports. Despite high OS and
ability to treat recurrent or refractory disease with alternate chemotherapy agents, the
majority of patients with skin plus multisystem LCH treated with standard of care
(vinblastine/prednisone) did not have an initial durable response to therapy (PFS=44%), and
disease persisted or progressed in risk organs in those patients with risk-organ involvement
at diagnosis. Circulating cells with the BRAF-V600E mutation were frequently observed in
patients with active multisystem LCH, but only in a single patient with skin-limited LCH.

Given the high frequency of multisystem involvement in patients with skin LCH, early
biopsy of suspicious lesions and comprehensive organ evaluation has long been indicated
for all patients diagnosed with skin LCH.?: 21 These current findings illustrate the high
frequency of multisystem disease found at time of referral and continued delays between
symptom onset and diagnosis. In this study 40% of patients referred for apparently skin-
limited LCH also had multisystem disease when they were fully evaluated. Half of these
multisystem patients had risk-organ involvement. The relative incidence of skin plus
multisystem LCH relative to skin-limited LCH (2:1 in this series) is consistent with a
previously published single-institution study,® albeit with lower death rates in this series,
likely due to improved salvage therapies in the last two decades.32-34 For reasons that
remain unclear, time from symptom onset to diagnosis correlated with presence of
multisystem involvement. It is possible that patients with skin-limited disease have more
clinically impressive lesions. Data from this study do not suggest that time to diagnosis
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results in progression from skin-limited to multisystem disease, although we were unable to
evaluate the possibility of progression from skin-limited to multisystem disease in infants
under three months of age due to low numbers of patients referred in this age group. Thus,
these data highlight the continued delays in identifying children with LCH, despite decades
of evidence and recommendations supporting early biopsy of progressive or treatment
refractory eczema or seborrheic dermatitis.% 21 It is our view, consistent with others,? that
terms such as “Hashimoto-Pritzker disease” or “self-healing LCH” are diagnoses that can be
made with certainty only in retrospect and therefore should not be used to describe patients
with active disease. We urge providers to consider LCH in the differential diagnosis of such
skin lesions to minimize morbidity of untreated lesions and potential for unrecognized high-
risk disease.

Patients in this series with skin-limited LCH had lower frequency of recurrence/relapse
compared with previous studies,® and most skin-limited patients had self-resolving disease.
No standard of care exists for the initial therapy of skin-limited LCH. Reported therapies
include topical steroids, nitrogen mustard or imiquimod; surgical resection of isolated
lesions; phototherapy or photochemotherapy; or systemic interferon a2b, methotrexate, 6-
mercaptopurine, vincristine, vinblastine, steroids, thalidomide, cladribine, and/or
cytarabine.35-46 No regimen, however, has been evaluated in a randomized-controlled trial,
and most limited studies of these agents do not have significant long-term follow-up data.
Many strategies were used to treat skin-limited LCH in this cohort, with variable efficacy;
given small numbers of patients, we cannot make a recommendation about effective first-
line treatment approach for patients with skin-limited disease requiring therapy. Because
skin-limited disease in infants has a high rate of spontaneous regression, we recommend
surveillance for patients with skin-limited disease except in cases of skin rashes that cause
identifiable patient morbidity or discomfort.

No patient with skin-limited disease in this cohort developed disease in another organ site.
Other series have shown rates of progression to other organ sites as high as 60%,”: %15 put it
is unclear to what extent these patients underwent evaluation at diagnosis to ensure absence
of multisystem disease. We have occasionally observed severe disease progression in
patients with skin LCH who were evaluated outside of this cohort, including one patient who
died from widespread risk-organ disease after several years of severe skin and mucosal
disease.” Although observation is a reasonable initial approach for skin-limited LCH after a
comprehensive diagnostic evaluation, physicians should remain vigilant in follow-up of
these patients, as the true risk of progression remains undefined.

The relative absence of circulating cells with BRAF-V600E mutations in patients with skin-
limited LCH is consistent with previous findings showing circulating cells with BRAF-
V600E mutation are generally found in patients with active multi-system risk-organ
disease.! This study was unable to define whether the BRAF-V600E mutation was absent in
circulation due to its inherent absence in skin lesions or due to restricted migratory potential
of precursor LCH cells in skin-limited disease. We would hypothesize the latter to be the
case, considering that the mutation is present in equal frequency across clinical risk
groups,1: 19 but further evaluation of skin lesions for the mutation is warranted. Although
patients with multisystem disease without risk-organ involvement uncommonly have
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circulating BRAF-VB00E cells, four of the five patients previously described had skin
involvement, and this group had statistically increased relapse rates compared with other
patients lacking risk-organ disease.l We hypothesize that circulating LCH precursor cells in
multisystem disease reflect a broader potential for migration of pathologic dendritic cells
than in tissue-restricted low-risk LCH, in which circulating precursor cells are not identified.
Previous results demonstrate that the state of differentiation of the cell that acquires the
BRAF-V600E mutation defines disease-severity and tissue distribution of pathologic
dendritic cells in LCH.1 We speculate that the relative absence of circulating cells with the
BRAF-V600E mutation in patients with spontaneously resolving skin-limited LCH could be
consistent with a transient skin-restricted precursor cell population specific to early
hematopoiesis, analogous to transient myeloproliferative disorder of Down syndrome, which
arises from abnormal hematopoietic cells from the fetal liver.#8 The ability of circulating
BRAF-V600E cells to predict skin-limited versus multisystem LCH will require validation in
future prospective clinical trials.

LCH skin lesions are easily confused with other common pediatric dermatoses. Suspicion of
LCH, biopsy, and comprehensive staging evaluation are essential first steps toward optimal
clinical care for these patients, which may range from observation in mild skin-limited
disease to cytotoxic chemotherapy in skin with associated multisystem disease. Prospective
multicenter trials are needed to determine whether skin involvement is an independent
predictor of poor therapeutic response in multisystem or risk-organ LCH, if alternative
therapies to vinblastine/prednisone are superior for patients with multisystem LCH
involving skin, and whether presence of circulating cells with the BRAF-V600E mutation
risk-stratifies patients or serves as a marker of active disease.
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Figure 1.

A) Distribution of patient age at diagnosis. *: P<0.05 B) Onset of symptoms at birth was not
significantly associated with absence of multisystem disease.
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Figure 2.

A) OS and PFS of patients with skin-limited LCH. B) Progression in skin-limited LCH
versus skin plus multisystem disease. C-D) Progression for risk-organ involvement in the
entire series (C) and in patients receiving uniform initial therapy (D). E) Progression
requiring need for second therapy in skin plus multisystem disease versus skin-limited
disease. F) BRAF-V600E mutation was detected in circulating peripheral blood cells in 8/11
patients with active skin plus multisystem LCH, but only 1/13 patients with active skin-
limited LCH, and only in a low percentage of cells (P = 0.0009).
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A

Figure 3.
Skin LCH has variable appearance, including A) eczematous dermatitis, B) hypopigmented,

eroded papules, C) hypopigmented macules, or D) and E) crusted papulonodules.
Presentation does not reflect presence or absence of multisystem disease; despite similar
appearance, the patient in D) had a single lesion, but the patient in E) had risk-organ
involvement.
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Table |
Patient characteristics
Cohort Number of  Gender Median Age at Median Age at
Patients Symptom Onset Diagnosis
(Months) (Months)
Skin-Only LCH 21 14 Male 1.2 5.9
7 Female  (Range: Birth—30.5)  (Range: Birth — 33.5)
Multisystem LCH 43 20 Male 1.8 11.6
(Extent known at presentation) 23 Female (Range: 0.1 — 206) (Range: 0.2 -207)
Multisystem LCH 7 4 Male Birth 4.7
(Extent not known at presentation) 3 Female (Range: Birth—2.8)  (Range: Birth — 27.1)
Total 71 38 Male 1.6 7.2

33 Female  (Range: Birth-206)  (Range: Birth — 207)
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