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ABSTRACT

rdheim—Chester disease is a rare histiocytosis with insufficient clin-

ical data. To clarify the clinical features and prognostic factors of

Erdheim—Chester disease, we conducted a nationwide survey to
collect the detailed data of 44 patients with Erdheim—Chester disease in
Japan. The median age of onset of the participants was 51 (range: 23-76)
years, and the median number of involved organs per patient was 4
(range: 1-11). The existence of central nervous system disease was corre-
lated with older age (P=0.033), the presence of cardiovascular lesions
(P=0.015), and an increased number of involved organs (P=0.0042). The
median survival from the onset was 10.4 years, and >3.0 mg/dL C-reac-
tive protein level at onset was associated with worse outcome (median
survival, 14.6 vs. 7.4 years; P=0.0016). In a multivariate analysis, age >60
years (hazard ratio, 25.9; 95% confidence interval, 2.82-237; P=0.0040)
and the presence of digestive organ involvement (hazard ratio, 4.74; 95%
confidence interval, 1.05-21.4; P=0.043) were correlated with worse sur-
vival. Fourteen patients had available histological samples of Erdheim—
Chester disease lesions. BRAFV600E mutation was detected in 11 patients
(78%) by Sanger sequencing. A correlation between BRAF mutation sta-
tus and clinical factors was not observed. Our study revealed that age and
digestive organ involvement influence the outcome of Erdheim—Chester
disease patients, and an inflammatory marker, such as C-reactive protein,
might reflect the activity of this inflammatory myeloid neoplasm.

Introduction

Erdheim—Chester disease (ECD) is a rare non-Langerhans histiocytosis that was
first reported by Jakob Erdheim and William Chester in 1930." The number of
reports has drastically increased recently, perhaps due to the increased recognition
of the disease, and approximately 650-1000 cases have been reported.”ECD typ-
ically develops among middle-aged males, and bilateral cortical osteosclerosis
occurs in more than 95% of ECD patients.” Furthermore, some patients experience
involvements of the central nervous system (CNS), cardiovascular system, and var-
ious other organs.”’
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The pathogenesis of ECD is still unclear, and whether
this condition is a type of neoplasia or inflammation is a
topic of debate. The high prevalence of mutations in
BRAE NRAS, and various genes involved in the MAPK
pathway and the dramatic efficacy of BRAF inhibitors
suggest the important role played by the BRAF and MAPK
pathways in ECD development.*"' Recently, Haroche et al.
speculated that ECD could be redefined as “inflammatory
myeloid neoplasia”, similar to Langerhans cell histiocyto-
sis (LCH).>” A mouse model of LCH showed that genetic
mutations in hematopoietic stem cells or immature
myeloid progenitors induce misguided differentiation, and
increase in pathological dendritic cells, which recruit and
activate additional inflammatory cells (so-called “innocent
bystanders”).”* Cavalli et al. suggested the significance of
oncogene-induced senescence (OIS), a protective reaction
against oncogenesis, in the recruitment of circulating nor-
mal leukocytes in ECD lesions."*" In the context of ECD,
the local production of pro-inflammatory chemokines and
Thl-associated cytokines by BRAFV600E mutated cells
attracts circulating normal leukocytes to the sites and con-
tributes to the inflammatory activation and formation of
ECD. Further basic studies are warranted to investigate
the exact mechanisms of ECD.

The clinical course of ECD is quite heterogeneous, but
most cases are progressive and become fatal within a few
years. Little is known about the prognostic factors of ECD
except that of the involvement of CNS." ECD diagnosis is
mainly dependent on pathological findings, such as
CD68"CD1a foamy histiocyte infiltration, but the con-
sensus guidelines also demand the clinical and radiological
contexts for an appropriate diagnosis of the disease.’
However, our knowledge about the clinical profiles of
ECD is unsatisfactory, and more information to consoli-
date this “context” is required.

Herein, we conducted a nationwide survey on ECD in
Japan and clarified some clinical features of this disease.
Strikingly, the poor outcome observed among elderly
patients and the prognostic impact of digestive organ
involvement encouraged the spread of novel treatment
strategies, such as vemurafenib, or other molecular target-
ed therapies.” Additionally, the prognostic value of the
increased C-reactive protein (CRP) level at onset suggested
the significance of the inflammatory nature of ECD patho-

physiology.

Methods

Study design and participants

We conducted a postal questionnaire-based, multicenter retro-
spective study on ECD. A questionnaire was simultaneously sent
to the hematology, dermatology, respiratory medicine, orthope-
dics, and pathology departments of the involved hospitals in Japan
in July 2014, which were certified by each Japanese society. All
cases were diagnosed according to the histopathological findings
consistent with ECD, which typically contain infiltration of foamy
or lipid-laden histiocytes and which were positive for CD68,
CD163 and negative for CDla and Langerin on immunohisto-
chemical staining. The questionnaire was also sent to hospital
departments containing a member who published a paper or pre-
sented at an academic conference on ECD cases. The samples of
the ECD lesions from the peripheral blood and/or bone marrow
were also collected, if available. This study was performed in
accordance with the Declaration of Helsinki and the Ethical

Guidelines for Biomedical Research Involving Human Subjects
enforced on March 29, 2001. This study was approved by the
ethics committees of the University of Tokyo and each participat-
ing institution. Written informed consent was obtained from all
patients whose ECD samples were collected. No definitive diag-
nostic criteria for ECD have been published; therefore, the diag-
noses were self-reported by each institute based on the patholog-
ical, radiological, and clinical findings. The digestive organ means
gastrointestinal tract plus the accessory organs of digestion (the
pancreas, liver, and gallbladder).

Mutation analysis

Genomic DNA was extracted from each formalin-fixed, paraf-
fin-embedded tissue and peripheral blood specimen using the
QlAamp DNA FFPE Tissue Kit and DNA Mini Kit (Qiagen,
Hilden, Germany), respectively. Polymerase chain reaction (PCR)
for the detection of BRAF V600E mutation was performed using
primers (TACCTAAACTCTTCATAATGCTTGC,
GTAACTCAGCAGCATCTCAGGG) as previously reported.'®
The products were purified with Illustra ExoStar (GE Healthcare,
Tokyo, Japan), and Sanger sequencing was conducted using the
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) and the ABI Prism 3100
Genetic Analyzer (Life Technologies, Carlsbad, CA, USA).

Statistical analysis

The numerical and categorical variables were compared using
the r-test and Fisher’s exact test, respectively. Three patients diag-
nosed at autopsy were excluded from the analyses of the interval
from onset to diagnosis. The survival time was calculated through
the Kaplan-Meier method, and the log-rank test was utilized for
the evaluation of the significant differences. The effect of various
parameters on survival was evaluated through univariate and mul-
tivariate analyses with the use of the Cox proportional hazards
regression model. ECD-related death was defined as death associ-
ated with ECD (such as heart failure due to cardiac involvement
and increased intracranial pressure caused by brain mass etc.). The
cumulative incidence of ECD-related death was calculated in a
competing risks model. The factors with P<0.05 in the univariate
analyses were included in the multivariate analysis of the survival.
Hazard ratio (HR) was estimated with 95% confidence intervals
(CI), and the respective P values were reported from these analy-
ses. Differences were considered statistically significant at P values
<0.05. Statistical analyses were performed using R version 3.3.2
(The R Foundation for Statistical Computing, Vienna, Austria).

Results

Patient characteristics and affected organs

The questionnaire was sent to 3850 departments, of
which 52% (2007 departments) responded. We confirmed
that in Japan 75 patients have ECD, and detailed data
were collected from 45 patients. One patient was exclud-
ed from the analyses because of insufficient pathological
validity. Table 1 shows the clinical characteristics of the
remaining 44 patients. The first signs of the disease are
described in Omnline Supplementary Table S1. The median
age at initial onset was 51 (range: 23-76) years. Among the
44 patients, 28 were males (63.6%) and 16 were females
(36.4%). Five, eight, nine, and 22 patients were diagnosed
before 1999, between 2000 and 2004, between 2005 and
2009, and after 2010, respectively. No association between
time of diagnosis and clinical features, other than treat-
ment choice, was observed. Three patients were diag-



nosed at autopsy or after death, and the median and mean
time from onset to diagnosis was 12 (range: 1-89) and 20.7
months (Online Supplementary Figure S1). No significant
difference between interval from onset to diagnosis and
presence of organ involvement, age, year of diagnosis, and
any other clinical features were detected.

Fifteen patients (33.3%) were treated with interferon o
(IFN-a) or pegylated IEN. Twenty-five patients (57.8%)
were administered with corticosteroid. Patients who were
diagnosed after 2005 were more frequently administered
IEN than those diagnosed before 2005 (43.8% vs. 7.7 %,
P=0.034). No patient was administered with vemurafenib
or other BRAF inhibitors.

The median number of involved organs per patient was
four (range: 1-11). The lesions were mainly found in the
bone (86.4%), the CNS (50.0%), the cardiovascular sys-
tem (52.3%), the kidney and retroperitoneal organs
(50.0%), the endocrine organs (40.9%), the skin (40.9%),
the lungs (34.1%), and the digestive organs (13.6%).
Oropharyngeal lesions in three patients (6.8%), lym-
phadenopathy in three patients (6.8%), splenomegaly in
two patients (4.5%), and breast lesions in two patients
(4.5%) were also detected. In one patient, the testes,
prostate, bladder, spinal cord, glottis, and bone marrow
were also affected. These unusually affected organs were
exclusively observed in patients with multiple (three or
more) lesions and, in many cases, who were diagnosed at
autopsy. Thirty-eight patients had skeletal lesions, of
which 22 had bone pain. Four patients (9.1%) had simul-
taneous or heterochronic LCH lesions. No patient was
diagnosed as having immunoglobulin (Ig)G4-related dis-
ease as the clinical and pathological findings did not corre-
spond to the disease, although specific examinations such
as serum IgG-4 levels and immunohistochemistry for
IgG4 were not carried out on the majority of patients.
Among the 18 patients with endocrine involvement, 15
had diabetes insipidus (DI), two had pituitary tumors
without obvious DI and one had hypothyroidism.
Twenty-three patients had cardiovascular involvement
including 19 with cardiac involvement and 11 with aortitis
(seven had both). Among the 22 patients with CNS
involvement, six had exophthalmos, 12 had parenchymal
brain mass and four had meningeal involvement. Two
patients had no radiological finding of CNS but their neu-
rological symptoms (delirium and cerebellar ataxia) were
considered to be symptoms of ECD.

In addition, one patient had low-risk myelodysplastic
syndrome (MDS) prior to ECD. He did not receive any
treatment for MDS and one year later, after the detection
of an abnormal pulmonary shadow, ECD was diagnosed
through partial pneumonectomy. The shadow shrank
after cyclosporine and prednisolone therapy, but he died
of pneumonia 4.5 years after the ECD diagnosis.

Survival

The median follow-up period of survivors was 5.17
(range: 1.0-21.1) years. Eighteen out of 44 patients died
during the clinical course of their illness, and the cause of
death was associated with ECD in 13 patients (72.2%,
Ounline Supplementary Table S2). Moreover, two other
patients died from infection, possibly due to the use of
corticosteroid therapy as a treatment for ECD.

The median survival from the initial onset, which was
determined using the Kaplan-Meier method, was 10.42
years (Figure 1A). The log-rank test results revealed that

Table 1. Clinical characteristics of ECD patients

Characteristics All patients (n = 44)

Sex (male—female) 28-16
Median age at onset, y (range) 51 (23-76)
Median age at diagnosis, y (range) 53 (23-17)
Mean time for diagnosis, m (range) 20.7 (1-89)
Year of diagnosis, no. (%)
Before 2000 5(114)
2000-2004 8 (18.2)
20052009 9 (20.5)
2010 and later 22 (50.0)
Coexistence of LCH, no. (%) 4(9.1)
Median number of involved organs (range) 4 (1-11)
Skeletal involvement, no. (%) 38 (86.4)
Bone pain 22
CNS involvement, no. (%) 22 (50.0)
Parenchymal brain mass 12
Exophthalmos 6
Meningeal involvement 4
Without any radiological findings 2
Cardiovascular involvement, no. (%) 23 (52.3)
Cardiac involvement 19
Aortitis 11
Retroperitoneal involvement, no. (%) 22 (50.0)
Hydronephrosis 10
Hairy kidney 8
Endocrine involvement, no. (%) 18 (40.9)
Diabetes insipidus 15
Pituitary tumor without diabetes insipidus 2
Hypothyroidism 1
Cutaneous involvement, no. (%) 18 (40.9)
Xanthelasma 11
Other 7
Pulmonary involvement, no. (%) 15 (34.1)
Pleural thickening 5
Fibrosis 3
Interlobular septal thickening 2
Centrilobular shadow 1
Digestive involvement, no. (%) 6 (13.6)
Pancreas 3
Liver 2
Gastrointestinal 2
Gallbladder 1

CRP at onset (mg/dL), median (range)
Treatments, no. (%)

261 (0.1-14.1)

IFN o or PEG-IFN 15 (34.1)
Corticosteroid 25 (56.8)
Irradiation 5 (11.4)
Imatinib mesylate 5 (11.4)
Cyclophosphamide 4(9.1)
Cladribine 1(2.3)
Etoposide 2 (4.5)
Cyclosporine 1(2.3)
Prostaglandin 12 1(2.3)
CHOP 1(2.3)
JLSG-02 1(2.3)
Bisphosphonate 10 (22.7
Lung transplantation 1(23)

ECD: Erdheim-Chester disease; LCH: Langerhans cell histiocytosis; CNS: central nerv-
ous system; CRP: C-reactive protein; IFN-o: interferon o; PEG: pegylated; CHOP:
cyclophosphamide, adriamycin, vincristine, and prednisolone; JLSG-02: a regime
protocol for LCH consisting of cytarabine, vincristine, and prednisolone.

Prognostic factors of ECD -
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* the prognostic factors for this disease were age >60 years
old at the onset (P<0.0001), lack of bone lesions
(P<0.0001), and the involvement of the CNS (P=0.0010)
and digestive organs (P=0.017) (Figure 1B-E). In contrast,
the presence of cardiovascular disease, endocrinosis, and
pulmonary, kidney/retroperitoneal and cutaneous lesions
was not considered as a prognostic factor (Online
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Supplementary Figure S2). Patients with only one ECD
lesion, all of whom had a bone lesion, tended to have bet-
ter survival after the onset of the disease than those with
multiple lesions, although this difference was not statisti-
cally significant, perhaps because the number of patients
who had a single lesion was only five (P=0.064).

The univariate analyses, which were conducted using
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Figure 1. Survival curves of patients with Erdheim-Chester disease. Kaplan-
Meier estimation for survival from onset of (A) all 44 patients based on (B) age
and presence of (C) bone lesions, (D) central nervous system involvement, and
(E) digestive involvement. CNS: central nervous system; DO: digestive organ.
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Cox proportional hazards regression model, revealed that
age >60 years (P=0.00035), the presence of CNS involve-
ment (P=0.0021) and digestive organ disease (P=0.0022),
and the absence of bone lesions (P=0.0042) were signifi-
cant poor prognostic factors for survival from the onset
(Table 2). Sex, year of diagnosis, and existence of cardio-
vascular, endocrine, cutaneous, or pulmonary involve-
ment and kidney/retroperitoneal lesions did not have an
effect on survival.

Table 2. Univariate and multivariate analyses for survival.

The multivariate analysis showed that age >60 years
(HR, 25.9; 95% CI, 2.82-237; P=0.0040) and the presence
of digestive organ involvement (HR, 4.74; P=0.043) were
correlated with worse survival.

ECD-related death

Next, we analyzed the association between the cumula-
tive incidence of ECD-related death and clinical factors
(Figure 2A-D). ECD-related death was significantly associ-

No. of Univariate analysis  Multivariate analysis
patients P HR (95% Cl) P
Age, years =60 15 0.00035 25.9 (2.82-237) 0.0040
<60 29 1
Sex Male 28 0.52
Female 16
Year of diagnosis Before 2005 13 0.38
2005 or later 31
Skeletal involvement Yes 38 0.0042 1
No 6 2.16 (0.660-7.09) 0.20
CNS involvement Yes 22 0.0021 3.63 (0.844-15.6) 0.083
No 22 1
Cardiovascular involvement Yes 23 0.14
No 21
Retroperitoneal involvement Yes 22 0.58
No 22
Endocrine involvement Yes 18 0.86
No 26
Cutaneous involvement Yes 18 0.77
No 26
Pulmonary involvement Yes 15 0.94
No 29
Digestive involvement Yes 6 0.0022 4.74 (1.05-214) 0.043
No 38 1

CNS: central nervous system; HR: hazard ratio; Cl: confidence interval.

Table 3. Skeletal involvement and clinical factors.

Characteristics Skeletal (-) (n = 6) Skeletal (+) (n = 38) P
Sex (male—female) 3-3 25-13 0.65
Median age at onset, y (range) 59 (40-67) 49 (23-76) 043
Diagnosed after 2005, no. (%) 2 (33.3) 29 (76.3) 0.053
Coexistence of LCH, no. (%) 0(0) 4 (11.1) 1
Median number of involved organs (range) 3 (2-8) 4 (1-11) 0.77
CNS involvement, no. (%) 5(83.3) 17 (44.7) 0.19
Cardiovascular involvement, no. (%) 3 (50.0) 20 (52.6) 1
Retroperitoneal involvement, no. (%) 3 (50.0) 19 (50.0) 1
Endocrine involvement, no. (%) 3 (50.0) 15 (39.5) 0.68
Diabetes insipidus, no. (%) 1 (16.7) 14 (36.8) 0.65
Cutaneous involvement, no. (%) 4 (66.7) 14 (36.8) 0.21
Pulmonary involvement, no. (%) 1 (16.7) 14 (36.8) 0.65
Digestive involvement, no. (%) 1(16.7) 5(13.2) 0.56
CRP at onset (mg/dL), median (range) 5.38 (3.30-7.46) 245 (0.10-14.1) 0.49

LCH: Langerhans cell histiocytosis; CRP: C-reactive protein; CNS: central nervous system.

haematologica | 2018; 103(11)
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ated with age >60 years (P<0.0001), digestive organ
(P<0.0001), CNS (P=0.0062), and skeletal involvement
(P=0.0072). Cardiovascular (P=0.071), cutaneous (P=0.26),
retroperitoneal (P=0.27), respiratory (P=0.28), endocrine
involvement (P=0.83) and sex (P=0.89) were not signifi-
cantly associated with ECD-related death.

ECD without skeletal lesion

Considering that the prevalence of skeletal lesions in our
study was relatively low compared with that of previous
studies in Western countries (>95%),”"” we compared the
clinical data of ECD patients with and without skeletal
lesions. No obvious clinical difference based on skeletal
involvement was observed, except that patients with
skeletal lesions had a better outcome than those without
(Figure 1C and Table 3).

ECD with digestive involvement

Given that ECD with digestive involvement was associ-
ated with worse survival, we examined the characteristics
of ECD patients with digestive disease (Table 4). The
digestive organs concerned were the liver (50.0%), pan-
creas (50.0%), gastrointestinal tract (33.3%), and gallblad-
der (16.7%). Causes of death were arrhythmia in one
patient with cardiac tamponade, heart and renal failure in
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one patient with pericardial effusion and hydronephrosis,
sepsis due to rectal perforation in one patient with gas-
trointestinal involvement of ECD, and ECD (details
unknown) in one patient. An autopsy was carried out in
four patients who died during the clinical course of diges-
tive disease, and the involvement of ECD cells was histo-
logically proven. Histological samples were available in
two patients and both were BRAFV600E positive.

No correlation was found between the existence of
digestive organ disease and the CRP level at onset
(P=0.99), age at onset (P=0.11), sex (P=0.39), year of diag-
nosis (P=1), and the presence of specific organ involve-
ment.

CNS involvement and associated clinical factors
Considering that the CNS was revealed to be a “risk
organ”, based on the result of our analysis and that of a
previous study,'® we compared the characteristics of
patients with and without CNS disease to determine
those were are at risk of CNS involvement (Table 5).
Patients with CNS disease displayed significantly higher
age at onset than those without (median, 62 [range, 23-76]
years vs. 45 [range, 25-70] years; P=0.033). Additionally,
the existence of CNS involvement was correlated with the
presence of cardiovascular lesions (P=0.015). No statisti-
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Figure 2. Cumulative incidence of ECD-related death. Competing risks models revealed the cumulative incidence of ECD-related death based on (A) age and pres-
ence of (B) digestive organs, (C) CNS, (D) skeletal involvement. DO: digestive organ; CNS: central nervous system.




cally significant association between the presence of CNS
involvement and sex (P=0.75), year of diagnosis (P=1.0),
and existence of bone (P=0.19) and skin lesions (P=0.36),
endocrinosis (P=0.12), pulmonary (P=0.20) and digestive
organ involvement (P=0.66), or kidney/retroperitoneal dis-
ease (P=0.13) was detected.

CRP level and outcome

The CRP level at onset was higher than the upper nor-
mal limit in 29 (85.3%) out of 34 patients with sufficient
laboratory data, with a median CRP level at onset of 2.61
mg/dL (range: 0.10-14.1). Interestingly, a >3.0 mg/dL CRP
level at onset was associated with a worse outcome
(median survival, 14.6 vs. 7.4 years; P=0.016; Figure 3A).
The cumulative incidence of ECD-related death was also
associated with a higher CRP level at onset (P=0.043;
Figure 3B). We also compared the CRP level at onset with
that after the administration of first-line therapy in 25
patients whose clinical data were available. The results of
the Wilcoxon signed-rank test revealed that CRP levels
tended to decline following the initial treatment (median
at onset and after initial therapy: 2.38 [range, 0.10-14.1]
mg/dL and 1.16 [range, 0.01-34.6] mg/dL, respectively;
P=0.051; Figure 3C). In addition, patients whose CRP lev-
els reduced by more than 2.0 mg/dL after first-line therapy
had a better outcome compared with patients whose CRP
levels dropped by less than 2.0 mg/dL or increased after
first-line treatment (median survival, 11.3 vs. 7.4 years;
P=0.045) (Figure 3D).

BRAFV600E mutation

Thirteen patients had available histological samples on
ECD lesions (Online Supplementary Table S3). The genomic
DNA was extracted from the samples, which were then
subjected to direct sequencing. A BRAFV600E mutation
was detected in 11 out of 14 patients (78%). None of the
BRAF mutations were detected through Sanger sequenc-
ing of the genomic DNA extracted from the peripheral
blood or bone marrow samples. Moreover, no correlation
between BRAF mutation status and age, CRP level at
onset, and other clinical factors were observed.

Table 4. Digestive involvement and clinical factors.

Discussion

Our nationwide study broadly investigated ECD
patients and analyzed the clinical data of 44 patients. ECD
is so rare that few reports on multiple ECD patient studies
have been published and little evidence about the clinical
characteristics or prognostic factors of this disease is avail-
able. The study herein is one of the largest in terms of the
number of patients with ECD involved in our
research.>®'® In this study, the duration between onset
and diagnosis seems to be shorter compared with previ-
ous studies, in which many patients were diagnosed sev-
eral years after initial onset. It might reflect an increased
familiarity with ECD in recent years, although the exact
reason is unclear.” IEN has recently been recommended as
first-line therapy, and BRAF inhibitors are also strong can-
didates for the treatment of ECD.*"*”" In our study, IFN
was administered to a very small proportion of patients
during the clinical course of the disease, and no patients
received BRAF inhibitors, which is partially attributed to
the Japanese insurance system. Instead, many patients
were prescribed corticosteroid, which is believed to tem-
porarily alleviate the symptoms, although it is not recom-
mended by the consensus guidelines.” Two patients died
from infection (one pneumonia and one invasive pul-
monary aspergillosis), possibly due to immunosuppres-
sion induced by corticosteroid administration for the
treatment of ECD. In our study, the mortality rate was rel-
atively high compared with a recent report which showed
a five year survival rate of 82.7 %." However, the outcome
in our cohort was slightly better than that in patients who
were not administered IEN in a previous report,'® perhaps
due to the improvement of supportive care. To improve
the prognosis of patients with ECD, more detailed analy-
ses and prospective studies of the pathophysiology of
ECD are required. Given that future studies on ECD may
not include patients who were not administered with IFN
and/or BRAF inhibitors, this study could serve as an
important physician’s compass that reveals the baseline
clinical behaviors of ECD.

CNS involvement was a significant poor prognostic fac-

Characteristics Digestive (-) (n=38) Digestive (+) (n=6) P
Sex (male—female) 23-15 5-1 0.39
Median age at onset, y (range) 49 (23-76) 66 (46—68) 0.11
Diagnosed after 2005, no. (%) 27 (TL.1) 4 (66.6) 1
Coexistence of LCH, no. (%) 4 (11.1) 0(0) 1
Median number of involved organs (range) 3 (1-1) 8 (3-11) 0.015
Skeletal involvement, no. (%) 33 (91.7) 5(83.3) 1
CNS involvement, no. (%) 18 (474) 4 (66.7) 0.66
Exophthalmos, no. (%) 5(13.2) 1 (16.7) 1
Cardiovascular involvement, no. (%) 19 (50.0) 4 (66.7) 0.67
Retroperitoneal involvement, no. (%) 17 (44.7) 5(83.3) 0.19
Endocrine involvement, no. (%) 13 (34.2) 3 (50.0) 0.68
Cutaneous involvement, no. (%) 16 (42.1) 2 (33.3) 1
Pulmonary involvement, no. (%) 12 (31.6) 3 (50.0) 0.39
CRP at onset (mg/dL), median (range) 2.52 (0.10-14.1) 2.70 (0.13-7.46) 0.99

LCH: Langerhans cell histiocytosis; CRP: C-reactive protein; CNS: central nervous system.
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tor in our series, which seems to be consistent with the
previous study reporting that CNS involvement was asso-
ciated with resistance to IFN." Our study revealed that
ECD patients with CNS lesions were significantly older
and had cardiovascular lesions more frequently. These fac-
tors might affect the efficacy of IEN, as a cardiovascular
lesion has also been suggested to contribute to the ineffec-
tiveness of IFN therapy.” Furthermore, the side effects of
IEN, such as delirium, is known to be more frequently
observed in older patients than in younger ones, despite
intense psychiatric support.” Future study is necessary to
identify patients who are expected to benefit the most
from treatment with IFN.

The prevalence of affected organs, median age at onset
and male predominance were roughly comparable with
that of previous reports in Western countries,” excepting
the article by Cavalli ez al. which found that CNS manifes-
tations in younger patients are relatively common,” and
the fact that the percentage of patients with skeletal dis-
ease in our cohort was relatively low.’ The coexistence of
LCH was also relatively rare in our series. Considering the
close relationship between ECD and LCH, perhaps some

cases were overlooked.” This dissociation might be attrib-
uted to coincidence, ethnicity, or other genetic/epigenetic
diversity. No statistically significant clinical difference was
found between ECD patients with and without bone
involvement, which suggests that ECD cases have com-
mon features regardless of this factor. We were unable to
obtain evidence that demonstrates whether ECD without
bone lesions should be classified as a distinctive entity.

The digestive organ was detected as a risk organ for
patients with ECD in this study. The prognostic impact of
digestive involvement was not found in previous
reports,” perhaps due to the small number of patients
with digestive ECD lesions. Although the liver and pan-
creas were the most commonly affected organs, none of
these patients with hepatic/pancreatic involvements suf-
fered from the relevant organ failure. Four of six patients
with digestive organ involvement died of ECD, however,
only one patient died of rectal perforation due to ECD
involvement and the other three patients died of other
affected organs. A further accumulation of cases is neces-
sary in order to confirm the prognostic impact of digestive
involvement.
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Figure 3. C-reactive protein (CRP) at onset and clinical outcome. (A) Kaplan-Meier estimation for survival from onset and (B) the cumulative incidence of ECD-related
death of 34 patients with sufficient clinical data. (C) Comparison of the CRP level before and after administration of first-line therapy. (D) Kaplan-Meier estimation
for survival from onset according to the decline of CRP levels after first-line therapy.
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The CRP level was elevated in many patients with ECD,
and declined after IFN or vemurafenib treatment,®” simi-
lar to the finding in our cohort. In this study, we firstly
revealed that the CRP level at onset as well as the drop in
CRP levels after initial therapy predict the patient out-
come. We have to interpret this result with caution
because initial treatments in our cohort were quite hetero-
geneous and most of them were not standard therapy.
Recently, ECD has been considered as an inflammatory
myeloid neoplasm. Although the MAPK pathway and
other mutations, such as PIK3CA, tend to attract attention
to the neoplastic aspect of the disease, the association
between CRP levels and poor prognosis evokes the neces-
sity of vigorous research on the inflammatory characteris-
tic of Janus-faced ECD because these mutations them-
selves do not necessarily induce elevated CRP. Some
inflammatory markers, such as interleukin (IL)-1, IL-6 and
tumor necrosis factor, have also been reported as activa-
tion markers of ECD.** However, CRP levels are relative-
ly easy to measure compared with inflammatory
cytokines and might be suitable as a convenient marker to
detect patients at risk.

Interestingly, low-risk MDS and ECD coexisted in one
patient in our cohort. Papo et al. reported that adult histi-
ocytic neoplasms frequently co-occur with other myeloid
neoplasms (9.5%), and MAPK pathway-associated muta-

Table 5. CNS involvement and clinical factors.

Prognostic factors of ECD -

tions (BRAE NRAS, and other mutations) could coexist
with MDS-associated mutations (IDH1/2, ASXL1, and
TET2 mutations) in the hematopoietic stem/progenitor
cells of ECD patients.” Unfortunately, we were unable to
acquire a sample from the patient, and the genetic infor-
mation was unavailable.

Due to the retrospective nature of our study, we could
not analyze some of the most important clinical informa-
tion of many of the patients, such as osteosclerosis of the
sinuses and BRAF or other mutations.” It is now mandato-
ry to systematically collect clinical findings, radiological
and laboratory data, and above all histological samples for
patients with ECD. A more sophisticated method of detec-
tion for the BRAF mutation is also warranted. Sanger
sequencing is a classic method and still plays an important
role in detecting ECD, partially owing to its low cost and
convenience. However, immunohistochemistry for the
BRAF V600E protein and hypersensitive methods, such as
droplet digital PCR and/or targeted sequencing techniques,
are becoming crucial because only a small fraction of cells
in an ECD lesion actually harbor the BRAF mutation, and
some studies have reported that a BRAF mutation in the
peripheral blood could only be detected with ultrasensitive
techniques as opposed to Sanger sequencing.”

In summary, our nationwide survey revealed the clinical
characteristics of patients with ECD, and clarified the

Characteristics CNS (-) (n=22) CNS (+) (n=22) P
Sex (male—female) 13-9 15-7 0.75
Median age at onset, y (range) 45 (25-10) 62 (23-76) 0.033
Diagnosed after 2005, no. (%) 16 (72.7) 15 (68.2) 1
Coexistence of LCH, no. (%) 2 (9.1) 2(9.1) 1
Median number of involved organs (range) 3(1-8) 5 (2-11) 0.0042
Skeletal involvement, no. (%) 21 (95.5) 17 (71.3) 0.19
Cardiovascular involvement, no. (%) 7(31.8) 16 (72.7) 0.015
Retroperitoneal involvement, no. (%) 8 (36.4) 14 (63.6) 0.13
Endocrine involvement, no. (%) 6 (27.3) 12 (54.5) 0.12
Cutaneous involvement, no. (%) 11 (50.0) 7(31.8) 0.36
Pulmonary involvement, no. (%) 5 (22.7) 10 (45.5) 0.20
Digestive involvement, no. (%) 2 (9.1) 4 (18.2) 0.66
CRP at onset (mg/dL), median (range) 1.37 (0.10-14.1) 3.64 (0.12-12.6) 0.34
Treatments, no. (%)

IFN o or PEG-IFN 5(22.7) 10 (45.5) 0.20
Steroid 8 (36.4) 17 (77.3) 0.014
Radiation 4(182) 1 (4.5) 0.34
Imatinib mesylate 2(9.1) 3 (13.6) 1
Cyclophosphamide 3 (13.6) 1 (45) 0.61
Cladribine 0 (0) 1 (4.5) -
Etoposide 0 (0) 2(9.) -
Cyclosporine 0 (0) 1 (4.5) -
Prostaglandin 12 1(45) 0 (0) -
CHOP 0(0) 1 (45) -
JLSG-02 0(0) 1 (45) -
Lung transplantation 1 (4.5) 0(0) —

LCH: Langerhans cell histiocytosis; CNS: central nervous system; CRP: C-reactive protein; I[FN-a: interferon a; PEG: pegylated; CHOP: cyclophosphamide, adriamycin, vincristine,
and prednisolone. JLSG-02: a regimen protocol for LCH consisting of cytarabine, vincristine, and prednisolone
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