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Abstract

Background: Langerhans cell histiocytosis (LCH) is a rare inflam-
matory myeloid neoplasia belonging to the group of histiocytoses.
Inflammatory tissue destruction with fibrosis can result in dysfunc-
tion in any organ. Our evaluation aimed to collect information on
characteristics, courses, and therapeutic options of this rare disease
pattern in adult patients with conclusions on prognostic factors and
follow-up management.

Methods: The medical records of 194 adult patients with histologi-
cally confirmed LCH were evaluated in this retrospective study. Pa-
tients were treated at the Protestant Clinics in Gelsenkirchen from
2000 to 2014 and St. Franziskus-Hospital in Cologne until 2020.

Results: The median age of onset was 38 years (18 to 79 years). In
65.5% of patients, only one organ was primarily involved, and in 34.5%
of cases, multiple organs were involved. The skeleton, lungs, and skin
were most commonly affected. In 15.5% of patients, pituitary insuf-
ficiency existed years before or at the time of diagnosis. The follow-up
time of patients from the time of histologic diagnosis ranged from 6 to
408 months (median 49 months). Four patients died from sequelae of
their underlying histiocytic disease. Irreversible late sequelae due to
disease or therapy were detectable in 34% of patients. In 25.3% of the
patients, the course of the disease could be controlled initially, but with
the proviso of no smoking in case of lung involvement. Specific thera-
peutic measures such as surgery for solitary osteolysis, radiotherapy
of osseous and cerebral manifestations, immunotherapy especially for
lung and skin involvement, and chemotherapy for multisystem disease
were primarily required in 74.7% of patients. As a result, 27.3% of all
patients reached the nonactive stage. Of these, 26.4% had reactivation
during the follow-up period. Of the remaining patients with continued
active disease, 51.1% showed disease progression during follow-up.

Conclusions: Standardized diagnostics are required to capture the
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clinical picture. Due to the variable course, it is often sufficient to
initially control with obligatory smoking cessation in case of pulmo-
nary involvement. Follow-up examinations should be predominantly
symptom-oriented with attention to possible late sequelae.
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ized diagnostics; Courses of disease; Treatment; Prognosis

Introduction

Histiocytic disorders are of hematopoietic origin. According
to the revised classification of histiocytoses of 2016 [1], the
L (Langerhans) group includes Langerhans cell histiocyto-
sis (LCH), indeterminate cell histiocytosis (ICH), Erdheim-
Chester disease (ECD), and overlap LCH/ECD. Immuno-
histochemically, the molecules CD1a, and more specifically,
CD207 (Langerin) can be visualized on the surface or within
Langerhans cells [2]. The earlier electron microscopic detec-
tion of Birbeck granules is no longer required for diagnosis
in the presence of CD207 staining (Fig. 1). In ICH and ECD,
there is no expression of CD207. The disease is associated
with a various activating somatic mutations of the central sig-
nal transduction pathway mitogen-activated protein kinase
(MAPK). Mutations of BRAF (especially BRAF-V600E) and
MAP2K]1 have been detected most frequently [3]. The mutant
cells proliferate clonally and can cause tissue damage with or-
gan dysfunction in all body organs through granuloma forma-
tion and inflammation.

The disease can occur at any age. The annual incidence
is five to nine cases per | million children and adolescents
younger than 15 years [4] and an estimated one to two cases
per 1 million adults [5]. Familial clustering of LCH has been
described [6]. Isolated lung involvement in adults correlates
strictly with smoking [7]. Progression of LCH to Langerhans
cell sarcoma has been documented [8].

Each organ may be affected individually (single system
disease (SS)) or together with other organs (multisystem dis-
case (MS)). Therapy depends on the pattern of involvement,
disease activity, and organ dysfunction. Procedures known for
many years in children cannot be transferred to adult patients
without restrictions [9]. Considering new developments, es-
pecially regarding clonality and molecular genetic alterations
with the possibility of targeted therapies, the existing recom-
mendations for the diagnosis and treatment of LCH in adults
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Figure 1. Histology of LCH in the lungs. Staining with hematoxylin and eosin (H&E, a), CD1a (b), CD207 (Langerin, c). LCH:

Langerhans cell histiocytosis.

have been updated [10]. With early diagnosis and therapeutic
intervention, the prognosis for patients is good. The course of
the disease is highly variable, with both spontaneous regres-
sions and chronic active courses. Depending on the localiza-
tion and severity of the disease as well as necessary therapeutic
measures, permanent sequelae are possible.

Our study aimed to collect information on characteristics,
courses, and therapeutic options of this rare disease pattern
in adult patients with conclusions on prognostic factors and
follow-up management.

Materials and Methods

The medical records of 194 adult patients with histologically
confirmed LCH were available for the present retrospective
study. These patients were treated in the Department of Inter-
nal Medicine of the Protestant Clinics Gelsenkirchen from Oc-
tober 2000 to June 2014 and subsequently in the Department
of Internal Medicine of the St. Franziskus-Hospital in Cologne
until December 2020. Patients with only probable pulmonary
LCH according to the cytology of bronchioloalveolar lavage
and imaging or first manifestation of LCH already in child-
hood or adolescence were omitted. The study was performed
in line with the principles of the Declaration of Helsinki. Ap-
proval was granted by the Ethics Committee of the Medical
Faculty of the Ruhr University Bochum (registration number
4266-12, 06.08.2012).

Definitions

According to the criteria used by the Histiocyte Society in ran-
domized trials [11-13], the disease is classified into the stages
of active and nonactive when all symptoms and manifestations
of the disease have regressed. Active disease, in turn, is cat-
egorized as regressive (improvement of symptoms and disease
signs without any new lesions), stable (persistence of symp-
toms and disease manifestations without any new lesions), and
progressive (increase in symptoms and disease signs or ap-
pearance of new lesions). Treatment response was assessed as
the response (complete regression (CR), or partial regression
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(PR)), intermediate response (stable course or mixed response
with new lesions at one site and regressed lesions at another
site, SD), and nonresponse (progressive disease (PD)). Reacti-
vation was defined as the recurrence of disease activity regard-
less of site after previously CR. Late effects were considered
irreversible clinical changes that developed during the disease
either due to LCH or its therapy.

Statistical analysis

The statistical program XLSTAT from Addinsoft (https:/
www.addinsoft.com) was used to analyze the collected data.
In addition to the median, the interquartile range (IQR) was
reported in each case. Survival time data (overall survival and
event-free survival) were analyzed using the Kaplan-Meier
method with 95% confidence intervals (CIs). The log-rank test
was used to compare survival curves. The significance level
was set at P <0.05.

Diagnostics

Clinical diagnostics were standardized, including anamnestic
questions about smoking habits, previous and concomitant
diseases, and questions about symptoms of hormonal insuffi-
ciency. During the physical examination, the entire integument
was inspected, including the anogenital region, the external
auditory canals, and the oral cavity, with possible involvement
of particular disciplines (Fig. 2). This was also true in case of
visual disturbances and neurological or psychological abnor-
malities. The thorax was examined by X-ray in two planes.
In case of abnormalities, especially in the upper and middle
lung fields, a supplementary computed tomography (CT) was
performed in high-resolution technique (Fig. 3). For the ques-
tion of bony manifestations, a CT in low-dose technique was
performed (Fig. 4). Brain and, if necessary, spinal cord were
examined by magnetic resonance imaging (MRI). This often
revealed nodular thickening of the pituitary stalk with the up-
take of contrast medium or failure of the neurohypophyseal
signal hyperintense natively in T1 weighting in the case of
LCH manifestation of the hypothalamic-pituitary region. Neck
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Figure 2. Mucocutaneous manifestations of LCH with maculopapular brownish exanthema in the area of the anterior sweat
groove and in the groin region (a, indicated by arrows) and ulcerative change of the gums (b, indicated by arrows) with already
tooth loss. LCH: Langerhans cell histiocytosis.

Figure 3. Reticulonodular compaction (a, indicated by an arrow) and cystic changes (b, indicated by an arrow) especially in the
upper and middle lung fields bilaterally in LCH. CT of the thorax native, transverse sections. LCH: Langerhans cell histiocytosis;
CT: computed tomography.

Figure 4. Osteolysis due to LCH in the mandible (a, indicated by an arrow) and petrous bone and temporal bone with mastoid
(b, indicated by an arrow). CT of the skull native, sagittal and coronal sections. LCH: Langerhans cell histiocytosis; CT: computed
tomography.
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with thyroid gland and abdominal and pelvic organs were
preferentially examined by sonography. Further measures
such as endoscopy with biopsy collection were based on clini-
cal symptoms, organ involvement, and the need for histologic
confirmation. In case of laboratory evidence of involvement
of the hematopoietic system, bone marrow aspiration was also
performed. Nuclear medicine examinations such as skeletal
scintigraphy and positron emission tomography (PET)/CT
were used only in isolated cases. The sensitivity of skeletal
scintigraphy is limited in LCH because the obligate osteolytic
changes lead only to a slight increase in bone metabolic activ-
ity. Compared with conventional imaging, PET/CT can detect
additional mainly osseous lesions and assess already visible
changes concerning metabolic disease activity. But about le-
sions in the lungs and central nervous system, CT and MRI
remain indispensable [14].

Results

Patient characteristics

All 194 patients had histologically confirmed LCH. Taking
into account the long observation period of the study, only
three-quarters of the patients had undergone immunohisto-
chemical staining with CD207 at the time of histological di-
agnosis. Four patients also had overlapping ECD. Additional
molecular genetic analysis was performed on 15 specimens
with positive evidence of a BRAF-V600E mutation in seven
cases. Of the 194 patients, 89 were male (45.9%) and 105
were female (54.1%). Age at diagnosis ranged from 18 to 79
years, with a median of 38 years and IQR of 23 - 41 years. In
men, the median age was 34 years (IQR 22 - 39 years), and in
women, 41 years (IQR 24 - 42 years). No other cases of LCH
were known in the families of our patients. Of the 194 patients,
118 were smokers (60.8%) and 76 were nonsmokers (39.2%).
The observation period from histologic diagnosis was 6 to 408
months with a median of 49 months (IQR 12 - 73 months).
During this period, eight patients died: two patients (LCH/
ECD) aged 73 and 78 years died directly from irreversible loss
of function secondary to histiocytic infiltration in brainstem
and kidneys, and two patients (LCH) aged 42 and 47 years,
indirectly from multisystem involvement due to sepsis with
multiorgan failure under chemotherapy with neutropenia and
cholangitic sepsis with liver involvement. Another four pa-
tients died independently of LCH due to suicide, chronic pan-
creatitis, late diabetic syndrome, and advanced atherosclerosis.

Symptoms of disease often preceded diagnosis by several
months or years. This was particularly notable in 10 patients
with diabetes insipidus centralis, which had been known for a
median of 7.5 years (IQR 6 - 8 years), and in six patients with
posterior pituitary insufficiency and partial or complete ante-
rior pituitary insufficiency, each of unclear etiology, which had
been present for a median of 2 years (IQR 1 - 5 years) (together
8.2% of patients). At the time of diagnosis, eight patients had
diabetes insipidus, and another six patients had posterior and
anterior pituitary insufficiency (together 7.2%). B-symptoma-
tology consisting of fever, night sweats, and weight loss was
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reported by 51 patients (26.3%). Chronic non-malignant con-
comitant diseases were present in 45 patients (23.2%). These
were autoimmune diseases in 27 patients. In 33 patients (17%),
malignant disease was already detected before (18 patients),
with (six patients), and after (nine patients) diagnosis of LCH.
In nine cases, it was a hematologic neoplasm. Another 24 pa-
tients had solid carcinoma.

Disease manifestations

At the time of diagnosis, 127 patients (65.5%) had SS LCH
uni- or multifocal, and 67 patients (34.5%) had MS LCH with
involvement of preferentially two organs to disease manifes-
tations in five organs. The localization and their distribution
are listed in Table 1. The organs most frequently affected
were bone, lung, and skin, singly and together with other or-
gans. Hematopoietic dysfunction due to LCH was not present.
Spleen or liver involvement was found in only one and seven
patients with primary multisystem disease, respectively.

In the present evaluation, 21 adult patients had an unifocal
lesion in a craniofacial bone and eight patients in the context of
multifocal bone involvement. Another 27 patients had cranial
bone involvement along with other organ manifestations. Dur-
ing follow-up, only two of the 29 patients (6.9%) with initial
isolated skeletal involvement, including a craniofacial bone,
developed diabetes insipidus. Among the 27 patients with the
multisystem disease and a craniofacial osseous lesion, how-
ever, 12 patients already had primary signs of pituitary in-
volvement, with two patients additionally showing cerebral
focal findings or areal neurodegenerative changes. One patient
(3.7%) developed the picture of a neurodegenerative disease
during the course. The remaining 15 patients without prima-
ry changes in the pituitary gland or central nervous system
showed no abnormalities during the course.

Therapeutic measures

In 49 patients (25.3%), a wait-and-see approach was initial-
ly possible after histologic diagnosis, with the proviso of no
smoking in pulmonary manifestations. In our clientele, 39 pa-
tients had LCH limited to the lungs. Of these, 36 patients were
smokers at the time of diagnosis, of whom only 20 patients
self-reported cessation of nicotine abuse for at least 6 months.
Among these, radiological findings in the lungs completely
regressed after sustained cessation of smoking in one patient
(5%) or remained stable in 16 patients (80%). In one patient
with LCH in the lungs and the oral cavity, disease manifesta-
tions also completely regressed after cessation of smoking.

In contrast, 145 patients (74.7%) initially required primary
specific therapy because of advanced manifestations with im-
pending or already occurred organ dysfunction. In 42 patients
(21.6%) with unifocal bone or skin findings and unclear tu-
mors, this consisted of a diagnostically and at the same time
therapeutically effective operation or excision of the disease
manifestations. Two other patients (1%) had endoscopic re-
moval of colon polyps with histologic findings of LCH with
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Table 1. Distribution of the Organs Involved at the Time of Diagnosis

Organs Single system disease Multisystem disease Altogether
127 patients, n (%) 67 patients, n (%) 194 patients, n (%)
Lungs 39 (20.1) 40 (20.6) 79 (40.7)
Bones 62 (32) 50 (25.8) 112 (57.7)
Unifocal 44 (22.7) 18 (9.3) 62 (32)
Multifocal 18 (9.3) 32 (16.5) 50 (25.8)
Skin 15(7.7) 19 (9.8) 34 (17.5)
Unilocular 7 (3.6) 0 7(3,6)
Multilocular 8 (4.1) 19 (9.8) 27 (13, 9)
Oral mucosa 0 6(3.1) 6(3.1)
Genital mucosa 2(1) 3(1.5) 5(2.6)
Central nervous system 0 5(2.6) 5(2.6)
Pituitary gland 1(0.5) 29 (14.9) 30 (15.5)
Neurohypophysis 0 18 (9.3) 18 (9.3)
Neuro- and adenohypophysis 1(0.5) 11 (5.7) 12 (6.2)
Lymph nodes 4(2.1) 7 (3.6) 11 (5.7)
Spleen 0 1(0.5) 1(0.5)
Liver 0 7 (3.6) 7 (3.6)
Gastrointestinal tract 2(1) 5(2.6) 7 (3.6)
Esophagus 0 2 (1) 2 (1)
Stomach 0 2(1) 2(1)
Colon 2(1) 1(0.5) 3(L.5)
Sclera 1(0.5) 0 1(0.5)
Retrobulbar space 0 1(0.5) 1(0.5)
Heart 0 1(0.5) 1(0.5)
Kidneys 1(0.5) 1(0.5) 2 (1)
Adrenal glands 0 1(0.5) 1(0.5)

complete excision. Local recurrence occurred in three cases
with surgery for solitary osteolysis of the cranial dome.

Radiotherapy was primarily used in 10 patients with
skeletal involvement (seven patients with radiotherapy only,
three patients with combined radiotherapy and chemotherapy).
Complementary, it was performed on three patients after sur-
gery of sclera, eyelid, or lymph nodes. Radiotherapy has been
performed in 13 patients with multisystem disease because of
symptomatic osseous lesions (11 patients) or central nervous
system involvement with neurologic deficits (two patients).
Chemotherapy was also applied in five cases. The total dose of
irradiation was usually 16, 20, or 24 Gy. Overall, two local re-
currences were noted after radiotherapy of an osteolysis skull
calvaria with only 6 Gy and after supplemental stereotactic ir-
radiation of the eyelid with 50 Gy.

Immunosuppressive or immunomodulatory therapy was
primarily topical with a glucocorticoid for single lesions of
skin and visible mucous membranes. Only in one of five cases,
a long-lasting CR could be achieved. Primary systemic therapy
with peroral prednisolone alone or overlapping with azathio-
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prine or, in one case, thalidomide in cutaneous manifestations
achieved SD in 17 of 19 patients with lung involvement, one
CR and one PR in two of two patients with lymph node in-
volvement, and SD in two of two patients with multifocal skin
involvement.

Chemotherapy was used primarily on 44 patients (22.7%)
with preferentially the cytostatics vinblastine/prednisone =+
6-mercaptopurine, cytarabine, or low-dose methotrexate and
secondary on 34 patients (17.5%) with the cytostatics cladrib-
ine + high-dose cytarabine (Fig. 5) or etoposide. During the
course, 32 patients (16.5%) required multiple cytostatic treat-
ments. The results of the most used cytostatic chemotherapy
regimens are shown in Table 2.

Supportive therapy measures included bisphosphonates
intravenously or perorally for multilocular skeletal involve-
ment, psoralen perorally and UV-A light for multifocal skin
involvement, and oral administration of ursodeoxycholic acid
for liver involvement. Of nine patients with bisphosphonate
administration alone, two patients had increasing resclerosis of
osteolysis and seven patients had a stable condition.
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Figure 5. LCH infiltration of the hypothalamus bilaterally. MRI of the skull (FLAIR, transverse sections) with contrast medium
before (a, indicated by an arrow) and 9 months later (b, indicated by an arrow) after cytostatic chemotherapy with high-dose
cytarabine and cladribine for 3 months. LCH: Langerhans cell histiocytosis; MRI: magnetic resonance imaging.

Course of disease

After smoking cessation or specific therapy, 53 patients
(27.3%) reached the disease stage nonactive. During the medi-
an follow-up period of 49 months, 14 of these patients (26.4%)
experienced reactivation. In total, 11 patients (one patient with
local skin involvement, 10 patients with bone involvement)
showed reactivation in the originally affected organ system,
but in five cases also disease manifestations in other organs.
In three patients, LCH manifested again in previously unin-
volved organs. In contrast, after control with smoking cessa-
tion or specific therapy, 141 patients (72.7%) remained in the
active stage of disease in the following categories: active re-
gressive in 29 of these patients (20.6%), active stable in 97 of
these patients (68.8%), and active progressive in 15 of these
patients (10.6%). In 72 of these patients (51%), disease activ-
ity returned or increased during the course. Chronic relapsing
courses with two to four relapses requiring treatment were ob-
served in 28 of all patients (14%).

Prognosis

Within the median follow-up period of 49 months (range: 6 -
408 months), four patients (2%) died of direct or indirect con-
sequences of the underlying histiocytic disease. Of these, two
patients had an overlap between LCH and the prognostically
less favorable ECD [15]. None of the patients died from as-
sociated malignant disease. The extent of initial organ involve-
ment in the form of SS LCH (127 patients) or MS LCH (67 pa-
tients) did not significantly affect overall survival (P = 0.398).
However, a significant difference (P = 0.001) in event-free
survival was observed between the disease stages nonactive
(53 patients) and active (141 patients). Thus, patients without
the active disease had freedom from reactivation or progres-
sion or death of a mean of 108 months (95% CI: 90.2 - 125.9
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months) corresponding to a S-year event-free survival rate of
76% (95% CI: 62.1-89.7%), and patients with active disease
of a mean of 77.6 months (95% CI: 60.7 - 94.5 months) cor-
responding to a 5-year event-free survival rate of 43.3% (95%
CI: 32.9-53.7%). But disease status did not affect overall sur-
vival (P = 0.352). In addition, liver, spleen, or central nervous
system involvement without pituitary gland had no significant
effect on event-free survival (P = 0.426) or overall survival (P
=0.310).

However, in 66 patients (34%), irreversible health dis-
turbances had to be detected due to the underlying disease or
the therapeutic measures taken (Table 3). These were mainly
endocrine, pulmonary and neurological dysfunctions, but also
disorders of the auditory and vestibular system, the dental ap-
paratus, and the eyes. While hormonal dysfunctions, in partic-
ular, could be compensated by substitution therapy, destruction
of lung parenchyma, osteolytic destruction of petrous bone and
mastoid, ocular involvement, and neurodegenerative changes
were associated with invalidation or significant reduction of
the patients’ quality of life. One patient with primary multisys-
tem disease and implementation of three chemotherapies de-
veloped blood count changes during the course as a manifesta-
tion of chronic myelomonocytic leukemia or myelodysplastic
syndrome. Liver cirrhosis developed in one patient.

Discussion

Experience with LCH in adult patients is limited. Currently, a
group of experts from multiple subspecialities has summarized
the state of the art regarding diagnosis and treatment of LCH in
adult patients and formulated key recommendations [10]. The
first overview of LCH in adults was provided by an evaluation
of the International Histiocyte Society Registry of 274 adult
patients from 13 countries [16]. It was already noticeable that
the symptoms of the disease, which varied according to organ
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Table 2. Cytostatic Chemotherapy Regimens Used

Evaluable pa-

Organ

Chemotherapy (cytostatic drugs) tients (cytostat- involvement ;[herapy e o Median duration, ther-
ic pretreated)  (SS, MS) ponse (ORR%)  apy response (months)
Cladribine 29 (13) SS9 PR 22 (76%) 21
MS 20 SD 6 (21%)
PD 1 (3%)
(ORR 76%)
Cladribine plus cytarabine 4(1) SS'1 PR 3 (75%) 39
MS 3 SD 1 (25%)
(ORR (75%)
Cytarabine 16 (3) SS3 PR 7 (44%) 28
MS 13 SD 5 (31%)
PD 4 (25%)
(ORR 44%)
Etoposide 5(5) SS'1 PR 3 (60%) 34
MS 4 SD 2 (40%)
(ORR 60%)
Methotrexate 12 (4) SS 8 CR 1 (8%) 17
MS 4 PR 5 (42%) 14
SD 5 (42%)
PD 1 (8%)
(ORR 50%)
Vinblastine plus prednisone 14 (2) SS 6 PR 5 (36%) 27
MS 8 SD 9 (64%)
(ORR 36%)
Vinblastine plus prednisone plus 6-mercaptopurine 24 (3) SS 8 CR 2 (8%) 96
MS 16 PR 8 (33%) 30
SD 11 (46%)
PD 3 (12%)
(ORR 41%)
Vinblastine plus cyclophosphamide plus 6-mercaptopurine 2 (0) MS 2 SD 2 (100%)
Vinblastine plus etoposide plus 6-mercaptopruine 2(0) SS'1 SD 2 (100%)
MS1

MS: multisystem disease; SS: single system disease; ORR: overall remission rate; CR: complete regression; PR: partial regression; SD: stable

course or mixed response.

involvement, usually preceded the histological confirmation of
the diagnosis by months or even years. This concerned, in par-
ticular endocrine disorders of the pituitary gland with diabetes
insipidus present in 29.6% of cases. The late assignment of
such an endocrine disorder to the underlying disease of LCH is
undoubtedly due to the problematic fine-tissue diagnostic con-
firmation in this brain region. In our study, 8.2% of the patients
showed hormonal signs of insufficiency of the neuro- and/or
adenohypophysis in the run-up and again 7.2% at the time of
histological confirmation of LCH. The pituitary region may be
a preferred site of LCH due to the robust vascularization with
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a dense plexus of capillaries and the partial absence of a blood-
brain barrier [17].

Among our patients, the proportion of smokers was very
high at 60.8%. In the case of isolated lung involvement, 92.3%
and in the case of lung involvement as part of a multisystem
disease, 87.5% of patients reported nicotine abuse. The registry
study showed 77% and 53%, respectively. Since only 10.1%
of nonsmokers had lung pulmonary involvement, and radio-
logically there were single CRs and multiple pulmonary dis-
ease arrests in several of our patients with smoking cessation,
the assumption of a pathophysiological relationship between
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Table 3. Long-Term Effects After Disease and Therapy

Permanent consequences Patients, n (%)

Endocrine dysfunction 36 (18.6)
Neurohypophysis 21 (10.8)
Neuro- and adenohypophysis 15(7.7)

Pulmonary dysfunction 15(7.7)

Neurological dysfunction 9 (4.6)

Hearing loss and balance disorders 6(3.1)

Tooth loss 5(2.6)

Death 4(2.1)
LCH/ECD 2(1)
Therapy induced sepsis 2 (1)

Blindness of one eye 2(1)

Malignant disease 1(0.5)

Liver cirrhosis 1(0.5)

Skin ulcerations 1(0.5)

ECD: Erdheim-Chester disease; LCH: Langerhans cell histiocytosis.

smoking and pulmonary manifestations of LCH is supported.
These findings correlate with the radiological follow-up results
according to smoking status of patients with newly diagnosed
LCH of the lungs without immunosuppressive treatment [18].
Smoking cessation therefore represents a fundamental behav-
ioral measure in pulmonary involvement.

Lesions of LCH predominantly show an inflammatory in-
filtrate with a significant population of T cells and evidence of
inflammatory cytokines. Since autoimmune diseases are also
associated with an inflammatory process, it is noteworthy that
13.9% of patients in our cohort had concomitant autoimmune
disease. Compared to the prevalence of an autoimmune dis-
case of 5-8% in the German population, autoimmune diseases
were clearly more prevalent in our patients.

Early on, an increased correlation with malignant disease
was noted, especially in children but also in adults with LCH
[19-21]. A genetic predisposition or the development of a ma-
lignancy secondary to therapy of LCH was suspected. Most
frequently, malignancies were detected concurrently with or
after diagnosis of LCH. Malignant lymphomas and leukemias
were significantly more common than solid tumors, particu-
larly in children. In the international registry study, the rate of
concomitant malignancies at diagnosis was 6.2% with hema-
tologic and solid neoplasms in equal proportions. In our study,
12.4% of patients had a malignancy at the time of diagnosis.
Overall, as many as 17% of patients with the malignant disease
were already diagnosed before LCH (18 patients), at the same
time (six patients), or later (nine patients). In 27.3% of cases,
this was a hematologic neoplasm and in 72.7% of cases, it was
a solid carcinoma. A recent evaluation of 132 adult patients
with LCH showed in 32% of patients a solid tumor (74%) or
hemoblastosis (26%). The solid tumors usually preceded the
diagnosis of LCH [22]. In this study, the median age of LCH
patients was relatively high at 54 years compared with 38 years
in our patients, which may help explain the higher number of
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previous malignancies. Mutations in the MAPK signal trans-
duction pathway, which are found in various malignancies as
well as histiocytic diseases, represent a possible explanation
for the increased association of LCH with malignancies. This
has already been demonstrated in some patients with histio-
cytic diseases from the L (Langerhans) group and additional
hematologic neoplasia [23]. A consequence of therapy appears
to be of secondary importance in adult patients with lower
numbers of subsequently diagnosed malignancies. In our pa-
tients, there was only one patient with the multisystem disease
developed differential chronic myelomonocytic leukemia or
myelodysplastic syndrome in the course after three different
chemotherapy regimens and irradiation in the jaw region.

Of the 274 patients in the Histiocyte Society International
Registry (median age at diagnosis 35 years, 52% men, 46%
women), 31.4% had SS LCH, and 68.6% had MS LCH. In
contrast, our 194 patients (median age 38 years, men 45.9%,
women 54.1%) were more likely to have SS LCH (65.5%)
and were less likely to have MS LCH (34.5%) at diagnosis.
Discrepancies were also evident in the distribution of organs
involved. In our patient cohort, the skeleton (57.7%) was most
frequently involved, followed by involvement of the lungs
(40.7%) and skin (17.5%). In the organ distribution of patients
included in the registry, lungs (58.4%) and skeleton (57.3%)
were leading, followed by skin involvement (36.9%). The in-
terval between diagnosis and last follow-up was shorter, with
a median of 28 months, compared with a median of 49 months
in our study. During the follow-up period, 15 of 274 patients
(5.5%) in the registry study and eight of 194 patients (4.1%)
in our study died. Our results are comparable to a retrospec-
tive evaluation by a single center in the United States of 186
adult patients (median age 43 years, 46% men, 54% women),
62% of whom had primary SS LCH, and 38% had MS LCH
[24]. Among these, the most commonly affected organs were
lung (59%), skeleton (37%), skin (21%), and central nerv-
ous system, including pituitary (16%). The median follow-up
time was 23 months. A total of 21 patients (11.3%) died, 10 of
whom died due to LCH. In contrast, another large retrospec-
tive study from a single center in China of 266 adults (median
age 32 years, men 66.5%, women 33.5%) with LCH showed,
as in the registry study, a high proportion of MS LCH at 68.4%
with only 31.6% SS LCH [25]. The most commonly involved
organs were skeletal (68.4%), lung (48.5%), pituitary (44%),
and skin (18.8%). The median follow-up time was 38 months
in patients with SS-LCH with only unifocal bone involvement,
and 43 months in patients with multifocal bone involvement
SS-m LCH or MS LCH. In both groups, two and 17 patients (a
combined 7.1%) died, respectively.

In children, organs at risk for the course of the disease are
considered to involve the bone marrow, liver, and spleen [11,
12, 26]. In the Chinese study, 39 patients had liver involvement
and 11 patients had spleen involvement at the time of diagno-
sis. These had significantly worse event-free survival than pa-
tients without such organ involvement, and in the case of age
older than 50 years at diagnosis, also worse overall survival.
We could not replicate this association in our patient popula-
tion, with only seven patients with liver involvement and one
patient with splenic involvement. In the international registry
study, liver or lung involvement were also without effect on
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overall survival. Therefore, organ risk in adult patients with
LCH remains unanswered.

Furthermore, in our clientele of adult patients with LCH,
the significance of osteolytic changes of the craniofacial bones
concerning an increased risk of the development of diabetes
insipidus or neurodegenerative changes of the central nerv-
ous system [17, 27], which is relevant for therapy in chil-
dren, could not be reproduced. A separate evaluation of 29
patients with isolated bone involvement, including craniofa-
cial bone, showed the occurrence of diabetes insipidus in only
two patients (6.9%) within the median follow-up period of 49
months. Thus, craniofacial bone involvement alone in adults
with LCH does not represent a risk constellation for the further
course of the disease and therefore does not warrant additional
systemic therapy. In contrast, 12 of 27 patients (44.4%) with
craniofacial bone involvement in multisystem disease already
had primary evidence of partial or complete hypopituitarism
and, in two of these cases, also of central nervous system in-
volvement. However, only one patient developed the picture of
neurodegenerative disease during the course. Nevertheless, the
high coincidence of bone involvement, including the skull and
central nervous system involvement with the pituitary, under-
scores the need for a primary MRI of the skull and, if neces-
sary, hormonal studies as part of the standardized diagnostic
workup.

The course of LCH is characterized by spontaneous re-
gression, especially in the skin, and by long-lasting disease ar-
rest, especially in the bones after biopsy and in the lungs after
smoking cessation. In the absence of impending complications
or organ dysfunction, the spontaneous course of the disease
can be awaited after histological diagnosis, including the rec-
ommendation to refrain from smoking. This applied to 25.3%
of patients in our study. In 74.7% of cases, specific therapy
measures had to be initiated first. As a result, 35.2% of spe-
cifically treated patients had disease converted to a nonactive
stage. In 64.8% of patients, the disease remained active after
therapy, but mainly in the active stable and active regressive
categories.

Of a combined 53 patients who no longer showed active
disease after smoking cessation or specific therapy, 14 patients
(26.4%) developed reactivation during the follow-up period,
preferentially in the same organ as at baseline. Of the 141 pa-
tients with continued active disease, 72 patients (51.1%) con-
tinued or had disease progression during follow-up; and 14.4%
of all patients had a chronic relapsing course with up to four
relapses. Surgery was effective in the long term, especially for
solitary osteolysis. In the case of radiotherapy, total radiation
doses of preferably 16 to 24 Gy resulted in CR of osseous and
cerebral manifestations. Immunosuppressive therapy often sta-
bilizes the disease in the lungs. Topical therapy in the skin area
usually provided only temporary improvement. Chemotherapy
was required primarily or secondarily in a total of 40.2% of all
patients. The cytostatic drugs cladribine and cytarabine alone
or in combination, as well as the combination vinblastine/
prednisone/6-mercaptopurine, showed the strongest efficacy
with an overall treatment response of 41-76%. These were pre-
dominantly PRs over a median of 21 - 39 months. In the in-
ternational registry study, 47.6% of patients initially received
cytostatic chemotherapy [16]. This consisted predominantly
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of vinblastine in combination with prednisone. No data were
reported on treatment response. In the two large single-center
trials in the United States and China, 42% and 65% of patients
received cytostatic treatment, with cladribine- and cytarabine-
based chemotherapies producing the best results [24, 25].
Promising for the future is the use of BRAF and MEK inhibi-
tors in patients with corresponding mutations in the MAPK/
ERK signal transduction pathway. Impressive study results are
already available in patients with histiocytic diseases [28-30].
However, a prerequisite is molecular pathological analysis of
the tissue samples. According to the international consensus
recommendations, this analysis should already be carried out
primarily. Otherwise, it should be performed at the latest in
the case of therapy-refractory or recurrent disease progression.

The prognosis of patients is good if diagnosed early. This
applies to both the nonactive and active stage of the discase.
However, event-free survival is significantly longer in nonac-
tive disease than in active diseases. Irreversible late effects due
to disease or therapy represent a significant problem. In our
clientele, 34% of patients had primarily endocrine, pulmonary,
or neurological sequelae. Control examinations are recom-
mended to avoid these and treat active disease relapses in time.
In the case of inactive disease, symptom-oriented monitoring
can usually be performed after two inconspicuous examina-
tions at intervals of 6 months. In the case of active disease,
the control intervals depend on the dynamics of the disease
with possible organ dysfunction, so control intervals of 3 to 6
months are reasonable.

The present study has some limitations. It is a retrospective
single-center study with standardized diagnostics but without
therapy randomization. Of the tissue samples, only a tiny pro-
portion were examined by molecular pathology. PET/CT for di-
agnosis, response assessment and monitoring were performed
only in single cases. In the future, prospective studies should
consider current developments in diagnostics and therapy ac-
cording to international consensus recommendations.

In conclusion, our study shows that standardized diagnos-
tics are required to capture the clinical picture. Due to the vari-
able course, it is often sufficient to control initially only with
an obligatory smoking cessation in case of lung involvement.
Therapeutic measures depend on organ involvement, disease
activity, and organ dysfunction. Follow-up examinations
should be predominantly symptom-oriented with attention to
possible late sequelae.
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