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Abstract

Purpose—Langerhans cell histiocytosis (LCH) is a rare malignant disease characterized by
histiocytic proliferation. We intended to characterize the efficacy and safety of radiation therapy
(RT) in a contemporary cohort and to explore if there are sites at higher risk for local recurrence.

Materials/Methods—Between 1995 and 2015, we identified 39 consecutive LCH patients who
were treated primarily with radiation therapy. Patients were staged by single/multisystem
involvement (SS/MS) and established risk organ criteria. In 46 irradiated lesions, clinical and
radiologic responses were evaluated at multiple time points after radiotherapy. Patient
demographics, treatment, and local failure were compared by site of lesion.

Results—Median age at RT was 35 years (range 1.5 — 67). Twelve patients had multisystem
involvement, and of those, 5 patients had disease in organs considered to be high-risk. The
following sites were irradiated: bone (31), brain (6), skin (3), lymph node (3), thyroid (2), and
nasopharynx (1). Median dose was 11.4 Gy (7.5 — 50.4). At a median follow-up of 45 months (6 —
199), local recurrence or progression was noted in 5 of 46 (11%) lesions. There were no local
failures of the 31 bone lesions evaluated, while the 3-year freedom from local failure in the 15
non-bone lesions was 63% (95% CI 32 — 83%; p = 0.0008). Local failures occurred in 2 of 3 skin
lesions, in 2 of 6 brain lesions, and 1 of 3 lymph node lesions. Deaths were recorded in 5 of 39
(13%) patients, all of whom were adults with multisystem disease.
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Conclusion—Radiotherapy is a safe and effective measure for providing local control of LCH
involving the bone. While bone lesions are well controlled with low doses of radiation, disease in
other tissues such as the skin and brain may require higher doses of radiation or additional
treatment modalities.

Introduction

Langerhans cell histiocytosis (LCH) is a rare disorder characterized by proliferation of
myeloid dendritic cells that express the same antigens as the skin Langerhans cell, CD1a and
CD207 (1-3). Its clinical presentation varies widely, from nonfatal single system bone
lesions to multisystem disease with mortality rates of 10-20% in some groups (4). Disease
may present in various tissues throughout the body, most frequently in bone (approximately
80% of patients) and skin (40% of patients) (5). Other organs involved may include lymph
nodes, thyroid, oral mucosa, central nervous system, lung, liver, and spleen (5-7).

Over the last few decades, systemic therapy for children with multisystem LCH involvement
has been tested in multiple randomized clinical trials (4, 8-10). However, for adult patients
and those with single system disease, data on optimal treatment approach is limited. While
radiation therapy (RT) has become less frequently used for LCH lesions over the last several
decades, it continues to be an important and effective option for treatment. Indications for
radiotherapy include severe pain, enlarging mass, bony destruction with a risk of
pathological fracture, and risk of high surgical morbidity (11). Rates of local control
following RT are over 90% for bone lesions (12-14). Obviously, the effectiveness of RT
must be weighed against the risk of long-term adverse events in the pediatric population,
where damage to endochondral ossification centers and secondary malignancies are a
concern (11, 15).

In this study, we sought to determine how LCH’s widely variable presentation impacts the
effectiveness of radiotherapy. Further, we evaluated the safety and efficacy of radiotherapy
for LCH in an era with the widespread availability of more conformal RT techniques, which
are not represented in available literature.

Methods and Patients

Patient Selection

An Institutional Review Board authorization was obtained for this retrospective study.
Between 1990 and 2015, 325 patients had a pathological diagnosis of LCH at our center. Of
these, 42 patients received radiation therapy alone, or in combination with other treatment
modalities. After excluding three patients lost to follow-up, a final cohort of 39 patients with
biopsy-proven LCH treated with radiotherapy was defined and analyzed. All patients were
treated between 1995 and 2015.

Data Abstraction and Disease Characterization

Data on patient demographics, treatment details, and outcome were obtained from our
electronic medical record and radiation oncology charts. Treatment details collected
included site of irradiation, dose, fractionation, energy, and technique as well as presence of
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prior or concurrent surgery and chemotherapy, when applicable. Surgery was considered
concurrent if within three months of radiation therapy. Disease was staged according to the
guidelines set forth by the Histiocyte Society (16, 17). Patients were defined to have single
system LCH or multisystem LCH if one or greater than one organ system, respectively, was
affected. Risk organs were defined as liver, spleen, hematopoietic system, and lung in
patients under 18 years of age. In patients older than 18, central nervous system (CNS)
tumors were considered high risk and lung disease was considered low risk, as
recommended by Euro-Histio-Net’s expert panel (18). For bone lesions, extension to
adjacent soft tissue and multiple bone involvement was noted. Treatment toxicities were
noted and graded according to the Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0 (19).

Response Criteria

Endpoints

Clinical and radiographic responses were assessed from reviewing radiologic reports and
oncologist notes at baseline and after radiotherapy. Response data was gathered at multiple
time points: 6 weeks (4 — 8 weeks), 12 weeks (8 — 16 weeks), 6 months (16— 30 weeks), 1
year (30 weeks — 15 months), 3 years (15 months — 42 months) and 5 years (42 months — 6
years) after completion of radiotherapy. Local response of each irradiated lesion was defined
as complete response (CR), partial response (PR), stable disease (SD), or progression of
disease (POD). A PR was defined as radiologic improvement including decrease in lesion
size and development of sclerosis in a previously non-sclerotic bone lesion. POD was
defined as any increase in lesion size from prior scans or recurrence of disease after
complete response. Patient signs and symptoms at presentation and after therapy were
obtained from oncologist notes. Local clinical response was defined as CR, PR, SD, or POD
based on resolution or worsening of patient-reported symptoms reasonably attributable to
the irradiated lesion. Lesions without symptoms recorded were excluded from clinical
response analysis. Response at time points prior to first follow up and after last follow up
were not included in radiographic or clinical response analyses. If response at a time point
was unknown and responses were recorded before and after the time point, it was assumed
to be the response of the prior time point unless the future response was POD. Responses at
all time points after POD were analyzed as POD to prevent confounding from salvage
therapies.

The primary endpoint of this study was freedom from local failure (FFLF), defined as time
from end of radiotherapy to local progression or recurrence of the lesion. Overall survival
(OS) was calculated from end of radiotherapy to time of death. Distant progression-free
survival was defined as time from end of a patient’s first course of radiotherapy to
progression or development of disease outside of the irradiated area.

Statistical Analysis

The Fisher’s exact test and Wilcoxon rank-sum test were used to compare bone and non-
bone lesions for categorical and continuous variables, respectively. The Kaplan-Meier
method was used to estimate FFLF, OS, and distant progression-free survival rates, and the
log-rank test was used to compare curves of bone and non-bone lesions. Only the first
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treated lesion was included in calculation of distant progression-free survival to avoid
counting one distant progression more than once. Comparisons with p < 0.05 were
considered statistically significant. Statistical analysis was performed in GraphPad Prism
7.0a (GraphPad Software, San Diego, California) and IBM SPSS Statistics v21 (IBM,
Armonk, New York), and SAS 9.4 (SAS, Cary, North Carolina).

Patient Demographics and Presentation

In the cohort of 39 patients treated with radiation for LCH, there were 22 males and 17
females. The median age at diagnosis of LCH was 31 years (range 1.3 to 65.9), and the
median age at receipt of radiotherapy was 33.4 (mean 1.5 — 67.5). Fifteen patients (38%)
were under 18 years (Table 1).

The majority (31/46; 67%) of irradiated lesions were in the bone. Other irradiated tumor
sites included CNS (6), skin (3), lymph node (3), thyroid (2), and nasopharynx (1; Figure 1).
Patients treated only for bone lesions were younger, with 14/26 (54%) patients under 18
years of age compared to 1/13 (8%) patients with non-bone lesions (p = 0.006). The most
common presenting symptom in the cohort was pain in 22 (48%) lesions, followed by local
swelling in 10 (22%) lesions. Of 5 patients with pituitary mass lesions, 4 patients
experienced symptomatic endocrine abnormalities such as hypothyroidism and
panhypopituitarism and 2 patients complained of visual deficits. Other presenting symptoms
included fatigue (4), headache (4), painful or pruritic skin lesions (3), and proptosis (2).

At the time of initial radiotherapy, 31 of 39 (79%) patients had single system disease (SS-
LCH) and 8 patients had multisystem involvement (MS-LCH). Of the 8 patients with MS-
LCH, 3 had disease in high-risk organs. Four patients with SS-LCH at time of initial
radiotherapy eventually had progression to MS-LCH. Fifteen of 31 (48%) bone lesions
extended into the adjacent soft tissue, and 5 patients had multifocal bone involvement. Nine
of 46 (20%) lesions were refractory to treatment prior to RT, with non-bone lesions more
likely to be refractory compared to bone lesions (p = 0.04; Table 1). Prior treatments for the
9 refractory lesions were as follows: 6 lesions were refractory to 1-3 systemic regimens, 2
lesions were incompletely excised, and 1 patient had failed multiple prior topical skin
creams.

Treatment Details

Median radiation dose delivered was 12 Gy (interquartile range 10.5 — 20 Gy) over a median
of 7 fractions (interquartile range 6 — 10). Patients with bone lesions were treated with lower
total doses of radiation than soft tissue lesions (p = 0.0003; Table 1). The three patients
treated for skin were treated with electron beam radiotherapy. Of 35 treatment plans with
recorded treatment technique, 18 (51%) were with conventional external beam therapy, and
17 were with conformal techniques such as intensity modulated RT, image-guided RT,
and/or 3-D conformal RT.

Radiation was the only treatment modality for 30/46 (65%) lesions, was combined with
surgery in 10 (22%), chemotherapy in 4 (9%) and both surgery and chemotherapy in 2 (4%).
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Three patients were treated with RT after curettage of a bone lesion, and the remaining nine
surgeries were excisions. The chemotherapy used was a variety of combinations that
included vinblastine, cladribine, methotrexate, and 6-mercaptopurine. Three patients with
bone lesions were also treated with zolendronate after radiotherapy.

Clinical and Radiographic Response

Outcome

Clinical and radiographic response of the cohort is plotted in Figure 2. At all time points up
to one-year, the most common radiographic response was PR. At three years and five years,
the most common response was CR. At one-year follow up, there were 13 CR, 15 PR, 3 SD,
and 3 POD. No imaging of bone lesions showed progression of disease. Bone lesions
showed slower progression from partial to complete response than non-bone lesions; by one
year after treatment, 14/25 bone lesions had PR and 9/25 CR compared to 1/9 PR and 4/9
CR in soft tissue lesions. Bone lesions began to show signs of improvement at early follow
up within a few months after therapy, but frequently did not show complete healing until
three to five years after treatment.

Clinically, the majority (19/28, 68%) of symptomatic lesions with evaluable responses had
complete symptomatic resolution by 12 weeks. All bone lesions with evaluable clinical
responses at 6 weeks (20 patients) and 12 weeks (23 patients) had at least partial
improvement of symptoms. At one-year follow up, 28/35 evaluable responses were CR, 3
PR, 1 SD, and 3 had POD. Complete symptomatic response was higher in bone lesions than
soft tissue lesions, with 24/27 (89%) complete symptomatic responses for bone lesions at
one year compared to 4/8 (50%) for soft tissue lesions.

At a median follow up of 45 months (range 6-199), 5 lesions had a local failure after
radiotherapy (Figure 3). 5-year freedom from local failure (FFLF) for the entire cohort was
87.4% (95% CI1 71.9 — 94.6). Non-bone lesions were more likely to fail treatment, with a 3-
year FFLF of 63.2% (32.2 — 83.0), while bone lesions had no local failures during the
follow-up time (p = 0.0008). Details of the lesions that locally progressed or recurred are
listed in Table 2. Two brain, one lymph node, and one skin lesion had a progression of
disease, and one skin patient had a lesion recurrence in the treatment field after complete
response. Of note, one skin lesion was re-treated with a higher dose (30 Gy) of electron
therapy after local failure, initially responded to re-treatment, and then had second local
relapse two months after re-irradiation.

Five patients in the cohort died, with a 5-year OS of 85.5% (65.8 — 94.3; Figure 3). Patients
treated for non-bone lesions (3-year OS 63.6%, 95% CI 29.7 — 84.5) had lower OS than
those treated for bone lesions (p = 0.006). All five patients who died were adults treated for
non-bone lesions and had multisystem disease at the time of RT (Table 3). Two patients had
risk organ involvement. One patient died of sepsis and multi-organ failure secondary to
disease treatment complications. Details on the other four deaths were unavailable.

There were 16 patients who had progressions outside the treatment field of initial
radiotherapy, including in 5 of 27 patients treated for bone lesions (Figure 3). Patients who
were treated for non-bone lesions had a higher risk of progression (p < 0.0001), and 11 of 12
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patients treated for non-bone lesions eventually had disease progression outside of the field
of radiotherapy. Multisystem involvement, age over 21, and treatment with adjuvant
chemotherapy were each significantly associated with progression outside radiation fields (p
< 0.05 for all).

Adverse Events

Grade 1 dysphagia, dry mouth, or mucositis was noted in three patients treated to the head
and neck area (mandible, nasopharynx, and thyroid). There were no acute adverse events
greater than grade 1 noted. One pediatric patient with a left orbital lesion was noted to have
mild chronic asymmetry of the upper eyelids beginning three months after radiation therapy.
Another patient with a lesion in the left frontal bone developed grade 3 chronic pain and
headache. Of note, this patient was treated with surgical resection that was complicated by
surgical site infection followed by adjuvant radiotherapy. No secondary malignancies or
post-treatment bone fractures were noted.

Discussion

LCH is a rare disease entity with a wide range of clinical presentations and treatments. Here,
we show that outcome after radiotherapy depends on location of the irradiated lesion. Bone
lesions were exquisitely radio-responsive, while all treatment failures were observed in non-
bone lesions. Skin lesions and brain lesions were particularly difficult to control with
radiotherapy.

The 5-year local control rate of 87% in our cohort is similar to those reported in prior studies
of LCH, which range from 80-100% (11-15, 20-22). However, it has been unclear in past
literature which lesions respond to radiotherapy and which ones fail treatment. Part of this
uncertainty is due to the wide variety of doses, fractionation schemes, beam energy, and
other treatment parameters that are used to treat the disease. Total doses reported for
treatment of bone lesions range from 2 Gy to over 30 Gy (11, 13-15, 20, 22), and therefore
it is difficult to determine whether prior treatment failures were due to inherent tumor
resistance to radiotherapy or lack of sufficient treatment dose.

Our study, however, is the first to demonstrate that the radiosensitivity of this disease is
impacted by the organ involved with LCH. In our cohort, low doses of radiation (median
dose 10.8 Gy) were sufficient to locally control bone disease and produce excellent
symptom relief, with 24/27 (89%) lesions having complete resolution of symptoms at one
year after treatment. Despite being treated with higher doses of radiation, non-bone lesions
had a higher rate of local failure and lower clinical response rates. These findings are
supported by trends apparent in other available studies. A study of 22 patients by Selch et al.
had local control in 35 of 40 (88%) bone lesions and 11/16 (69%) soft tissue lesions, though
no direct statistical comparisons were made (13). Another study of 40 patients showed poor
response to soft tissue lesions which presented multifocally, including no responses in
several patients treated to the liver, spleen, lung, and/or pituitary (23).

The efficacy of radiotherapy to the brain has similarly been called into question, though
most studies report primarily on resolution of diabetes insipidus. Greenberger et al. reported
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treatment to the supra-sellar region in 21 patients, with 4 patients subsequently having
complete cessation of need for vasopressin and 4 patients having a reduction in vasopressin
requirements (15). However, more recent data has questioned the radiotherapy’s
effectiveness in treating diabetes insipidus (11, 23). In a study of 69 patients treated with RT
between 1956 and 2009, Kotecha et al. reported that none of eight patients treated to the
pituitary had a reduction of vasopressin requirements (11). Data from our cohort support the
findings of Kotecha et al., as none of the five patients treated for pituitary mass lesions had a
reduction in vasopressin required, and two patients required more vasopressin after
treatment. However, in patients whose symptoms are secondary to mass effect, radiotherapy
may be more effective; two patients in our study with bilateral hemianopsia had an
improvement in symptoms after multi-modality treatment with radiotherapy and either
surgery or chemotherapy.

Patients in our study who were treated with electrons for cutaneous LCH had a particularly
high rate of failure. Of three patients, two patients had initial response but eventual in-field
recurrence and the third patient responded initially but was lost to follow up after six
months. Selch et al. similarly noted difficulty controlling skin lesions in the long term, with
five local failures of mucocutaneous lesions, including 4 in one patient. Further, two cases in
adults treated for cutaneous LCH with electron beam radiotherapy have been described, with
both having a “marked but temporary” response (24, 25). In combination with these reports,
our study suggests that radiotherapy may be useful to provide a rapid initial response but
does not have long-term efficacy in cutaneous LCH. For these patients, higher doses of
radiation or consolidation with systemic or topical chemotherapies may be beneficial.

Recent advances in the understanding of this disease’s pathogenesis provide context for its
clinical diversity. Pioneering genomic analyses have determined that virtually all LCH
lesions have over-activation of the MEK/ERK pathway, including approximately 60%
patients with the targetable BRAF VV600E mutation (3, 26-29). Furthermore, a mouse model
has shown activation of the MEK/ERK pathway in early myeloid dendritic cell precursors is
associated with a phenotype similar to high-risk multisystem disease, while mutations in
differentiated progenitors caused low-risk or single system disease (30). This has given rise
to the hypothesis that disease presentation and severity is dependent on the development
stage of the mutated myeloid precursor (2, 3). Molecular differences in pathway activation
may also impact clinical presentation: BRAF VV600E mutations are less frequent in children
with bone lesions and are associated with resistance to chemotherapy and higher risk disease
(31). These differences in cell of origin and BRAF V600E mutation status may partially
explain the disparities in radiosensitivity observed in our study. Further studies pairing
LCH’s genomic profile and response to radiotherapy are warranted.

There were few adverse events noted in our cohort, of which several may be attributable to
disease or other concurrent treatments. This may be partially attributable to the widespread
availability of conformal techniques in our study period. A study by Willis et al. which
included 37 pediatric patients treated with radiotherapy noted 42% of all LCH patients
developed late skeletal sequelae, and 2 patients developed secondary malignancies (12).
Further, Kotecha et al. noted 33% of children treated to the facial bones developed long-term
anatomic malformations as well as jaw hypoplasia in another pediatric patient (11). While
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adverse events were rare in our cohort, one pediatric patient treated for an orbital LCH
lesion was noted to have subtle hypoplasia several years following treatment. This highlights
the importance of limiting radiation dose in skeletally immature patients, especially to
cosmetically sensitive areas such as the face.

In summary, while radiotherapy remains an effective option for treatment of LCH, the
effectiveness of radiotherapy differs by the involved organ. While bone lesions are
eradicated and well controlled with low doses of RT, lesions in other organs commonly
involved in LCH, such as brain and skin, remain difficult to control with standard LCH low
dose RT range. For these locations, higher RT dose and additional or alternative modalities
should be considered. Finally, more work to characterize the biology of this highly variable
disease may further elucidate the basis for these disparate responses and help guide further
therapy.
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Summary

Langerhans cell histiocytosis is a rare histiocytic malignancy associated with a wide
range of clinical presentations and outcomes. We explored treatment patterns and
outcomes in a cohort of 39 patients with 46 radiation-treated lesions. We found the rate of
local failure was significantly higher in patients with non-bone lesions, especially of the
skin and brain, compared to excellent local control in bone lesions with relatively low
doses of radiation.
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Distribution of 46 treated Langerhans cell histiocytosis lesions. Bone lesions are represented
on the left, and non-bone lesions on the right. Lesions that underwent local failure (11%) are

represented as red stars.
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Figure 2.

Clinical and radiographic response rates over time. Evaluable clinical and radiographic
responses at each time point are enumerated below the graphs. Five-year radiographic
response for non-bone lesions was not displayed due to lack of follow-up at this time point.
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Figure 3.

Kaplan-Meier curves for patients with bone lesions and non-bone lesions. 46 lesions are
included in freedom from local failure and 39 patients are included in overall survival.
Distant progression free survival calculated from treatment of first lesion for 39 patients.
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