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Abstract
Erdheim-Chester disease is a rare CD68þ, CD1a non-Langerhans cell histiocytosis with multiorgan
involvement. The etiology of Erdheim-Chester disease is unclear; there are no known associated infectious
or hereditary genetic abnormalities. However, somatic BRAF mutations have recently been identiﬁed in these
patients. Historically, the literature regarding the management of Erdheim-Chester disease consisted of case
reports and small case series with anecdotal therapeutic responses to agents including, but not limited to,
cytotoxic chemotherapy, bone marrow transplantation, cladribine, corticosteroids, IFN-a, the BCR-ABL/KIT
inhibitor imatinib mesylate, the IL-1 receptor antagonist anakinra, the TNF-inhibitor inﬂiximab, and
recently the BRAF inhibitor vemurafenib. We performed a search of the literature using PubMed with the
terms Erdheim Chester disease, without date limitations, including case reports, case series, original articles,
and previous review articles. In the absence of large-scale studies, experience-based management prevails.
The present review details our approach to the management of patients with Erdheim-Chester disease.
ª 2014 Mayo Foundation for Medical Education and Research
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rdheim-Chester disease (ECD) is an uncommon non-Langerhans cell histiocytosis that was initially described by
William Chester and his tutor, the Viennese
pathologist Jakob Erdheim, in 1930.1 Langerhans histiocytosis may coexist with ECD.2
Diverse organs are often affected. The most
common presentation includes diffuse sclerotic
lesions, which reveal foamy lipid-laden histiocytes on biopsy, present especially on the
diaphysis of appendicular long bones, and
generally sparing the epiphyses. The etiology
of ECD has not been elucidated. A systemic
derangement of cytokine and chemokine networks such as IL-6 and IFN-a do, however,
appear to be involved in its pathogenesis.3
We performed a review of the literature using PubMed searching the terms Erdheim Chester
disease, without date limitations, including case
reports, case series, original articles, and previous review articles. Because of the rarity of this
disease, most of the therapeutic literature is
anecdotal and randomized trials would be difﬁcult to perform. There are therefore no clear-cut
guidelines to direct optimal treatment. However,
of special interest in this regard is the detection
of BRAF mutations in patients with ECD.4 The
effect of BRAF inhibitors in ECD has, however,
not been conﬁrmed in larger trials despite
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promising reports.5 To our knowledge, the
largest case series of ECD is composed of 53 patients in whom treatment with IFN-a was
shown, in a multivariate retrospective analysis,
to predict a more favorable outcome.1 We
have followed 14 patients with this uncommon
disease in the Clinical Center for Targeted Therapy at MD Anderson Cancer Center. In addition
to chemotherapy with cladribine6 and steroids,
we have administered IFN-a,7,8 imatinib,9
and anakinra.10,11 Herein, we provide an overview of the characteristics, outcomes, and our
experience regarding the management of ECD
(Figure 1). Of note, this algorithm depicts our
current therapeutic recommendations based on
our personal experience. As an example, there
have not been randomized controlled trials
comparing IFN with newer therapies (as BRAF
inhibitors) to this date; nevertheless, we still
often use IFN as our frontline approach
(Figure 1) because we have more experience
with this regimen.
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DIAGNOSIS
Differential diagnosis: Langerhans cell histiocytosis vs non-Langerhans cell histiocytosis
ECD is a non-Langerhans cell histiocytosis;
however, it may coexist with Langerhans
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Erdheim-Chester disease is a rare non-Langerhans cell
histiocytosis.
Common features include bone sclerosis, orbital inﬁltration
with proptosis, diabetes insipidus, cardiac involvement, and
pulmonary inﬁltration.
Somatic BRAF mutations have been recently identiﬁed.
Treatment options (although some based on anecdotal evidence) include IFN-a, imatinib, anakinra, inﬂiximab, vemurafenib, bone marrow transplantation, cladribine, and steroids.
This condition serves as an example of the salutary effects of
targeted therapy across malignancies that bear the cognate
target. In particular, several case reports document excellent
responses to vemurafenib, a BRAF kinase inhibitor, in patients
with Erdheim-Chester disease harboring BRAF mutations.
histiocytosis.2 As an example, Haroche et al12 reported overlapping histiocytosis in 12 of the 75
(16%) patients who have been followed at their
institution. Mononuclear phagocytic cells are
divided into macrophages and dendritic cells.
The latter are thought to be the abnormal cells
that trigger Langerhans cell histiocytosis.13 In
contrast, non-Langerhans cell histiocytosis is
believed to stem from an abnormal monocytemacrophage ancestry.13 In 1868, Paul Langerhans13,14 described skin histiocytes that,
although these cells call skin their “home,” are
found in many organs. These cutaneous “Langerhans cells” are thus frontline antigenpresenting cells that engulf noxious foreign
bodies, present antigens to lymphocytes, and
trigger an immune-protective response. Because
of their cutaneous predilection, Langerhans cell
histiocytosis has a higher rate of skin inﬁltration
than does ECD (Table 1). The heterogeneous
systemic histiocytoses (both Langerhans cell histiocytosis and non-Langerhans cell histiocytosis
such as ECD) are susceptible to inﬁltrate the pituitary stalk and hypothalamus, with subsequent development of central diabetes insipidus.
As with other orphan diseases, the classiﬁcation of histiocytosis is evolving (Table 2).15,16
Histologically, the presence of CD1aþ and
S100þ raises clinical suspicion for Langerhans
cell histiocytosis.13 However, a lipid-laden histiocytic foamy inﬁltrate that immunochemically
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reveals CD1a and S100 better ﬁts the diagnosis of ECD (Table 1). The T6 protein, or socalled Langerhans cells antigen, is not expressed
in ECD.17 CD68þ, a histiocyte marker, is present in both histiocytic conditions, as expected.
The differential diagnosis of sclerotic bony lesions includes Paget disease, although it lacks
the systemic manifestations of ECD, and it
does not incorporate a symmetric predilection
for the diaphysis of the appendicular long
bones.18
It has been noted that some patients
demonstrate clinical and pathological features
compatible with both Langerhans cell histiocytosis and ECD, suggesting possible overlap or
simultaneous appearance of both diagnostic
entities.19 Interestingly, the authors have
treated patients whose clinical manifestations
and overlap in histology results were compatible with both Langerhans cell histiocytosis
and ECD, similar to experiences reported elsewhere,2 suggesting that both diseases can
occur concomitantly or sequentially as a disease continuum. All referrals deemed to have
histiocytic disorders have central pathology review at MD Anderson Cancer Center.
Clinical Subtypes and Radiographic
Presentation: Diverse Organ Involvement
Phenotypically (Table 3), ECD has many faces.
In our experience, a very common characteristic
is bone involvement (Table 4), which is usually
combined with inﬁltration of at least 1 more organ system. Patients who are incidentally diagnosed when imaging occurs because of an
unrelated cause have been reported.20 Our practice is to obtain a baseline positron emission tomography scan, with an optional bone scan.
Bilateral symmetric sclerosis of peripheral long
bones is frequently observed (Figure 2, A). We
pay attention particularly to critical areas, such
as the neck of the femur, which is susceptible
to pathologic fractures. Central axial bone
involvement (Figure 2, B) is possible, although
less common. A baseline echocardiogram may
be considered and, if abnormal, an early cardiology consultation and cardiac magnetic resonance imaging to rule out cardiac involvement,
an important cause of ECD-related morbidity
and mortality.21 Cardiovascular anomalies
include “pseudo-tumor” of the right side of the
heart, pericardial ﬁbrosis (Figure 2, C), valvular
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inﬁltration, and ﬁbrous encasement of the aorta,
which has been coined “coated aorta.”22 In addition, a “hairy kidney” (Figure 2, D), due to perinephric inﬁltration of histiocytes, is sometimes
observed on abdominal imaging studies.22
Such retroperitoneal inﬁltration can cause
hydronephrosis (Figure 2, E).
Many patients have central nervous system
(CNS) involvement (Figure 2, F), resulting in
central diabetes insipidus. We consult with
our endocrinology colleagues to manage electrolyte and hormonal derangements. Central
nervous system involvement confers a worse
prognosis1; thus, we suggest obtaining a baseline brain magnetic resonance imaging. We
recently reported various radiological presentations of CNS involvement in ECD, including
stellate intracranial lesions and diffuse vertebral involvement.23
In many disorders, pulmonary involvement
denotes a worse prognosis and contributes
greatly to the patient’s demise; ECD might be
an exception. Pulmonary ﬁbrosis from ECD
was not an independent factor associated with
a worse outcome in a recent case series.1 However, some smaller previous case series suggested a grim prognosis associated with
interstitial lung involvement (Figure 2, G).24
Space-occupying orbital ECD results in
proptosis, which can threaten vision and requires evaluation by an ophthalmologist.
From a cosmetic standpoint, dermatologic
inﬁltration can be distressing to patients with
multiple subcutaneous nodules (Figure 2, H)
and a similar unsettling effect is also experienced by patients with localized (Figure 3)
or diffuse (Figure 4) cutaneous lesions. The
diverse clinical involvement of ECD translates
into unique radiographic features that have
been described elsewhere.7,23,25-27
In summary, ECD is a systemic condition
involving multiple organs. Because of its rarity
and diverse presentations, it can be extremely
difﬁcult to diagnose. In our experience, patients
have at times sought help for years before a
diagnosis is made. Therefore, referral for pathology review or treatment recommendations to
tertiary centers should be considered.

sclerosis to life-threatening visceral inﬁltration.
Although ECD is not curable, we have seen
prolonged responses in our clinic after various
agents. Survival in recent larger series1 is better
than previously described in other older
smaller series.24 Indeed, Arnaud et al1 reported 1- and 5-year survival rates of 96%
and 68%, respectively, which is compatible
with our experience.8,9 However, 26% of the
patients die by 27 months after their diagnosis;
CNS involvement is an independent variable
that predicts poor prognosis.1

PROGNOSIS
Poorer prognosis is dictated by the degree of
organ involvement, particularly the CNS.1
Sequelae range from asymptomatic bone

PATHOPHYSIOLOGY
The underlying pathophysiology of ECD is
largely unknown, although it seems to be
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FIGURE 1. Algorithm showing our management of ECD. We consult with
the respective specialists (in ophthalmology, endocrinology, and cardiology)
to comanage multiple speciﬁc derangements present in these patients.
CBC ¼ complete blood cell count; CT ¼ computed tomography; ECD ¼
Erdheim-Chester disease; ECG ¼ electrocardiogram; PET ¼ positron
emission tomography; MRI ¼ magnetic resonance imaging.
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TABLE 1. Langerhans vs Non-Langerhans Cell Histiocytosisa
Variable

Langerhans cell histiocytosis

Erdheim-Chester disease

Cell of origin
Population
CD68
CD1a
S100
Birbeck granules
T6 protein
Bone involvement
Lung involvement
Skin involvement

Dendritic
Children
þ
þ
þ
þ
þ
Osteolytic/axial
Peribronchial
Common

Mononuclear-phagocyte
Adults
þ




Osteosclerosis/appendicular
Lymphangitic
Uncommon

a

The population affected by a particular entity is also dependent on the institutional referral pattern
due to the rarity of these conditions.

associated with cytokine disturbances.3,28-31
Serum samples from 37 patients with ECD
were assessed for 23 cytokines. It was found
that IL-6 and IFN-a levels (TH-1einduced
pro-inﬂammatory chemokines) were elevated
in untreated patients; IL-1 and IFN-g levels
were high in patients treated with IFN-a.3
Earlier attempts to elucidate the etiology of
ECD did not focus on the balance among cytokines, an approach that may shed new light
on and identify novel targets for this disease.
Of special interest, the V600E BRAF mutation has been identiﬁed in patients with
ECD but not in patients with other nonLangerhans histiocytosis.4 BRAF mutations
are also detected in patients with Langerhans
histiocytosis.32 This is a drug-responsive
mutation, with responses reported in other
TABLE 2. Suggested Classiﬁcation of Histiocytosisa
Non-Langerhans cell histiocytoses
Juvenile xanthogranuloma family
Cutaneous: juvenile xanthogranuloma
Cutaneous and systemic: xanthoma disseminatum
Systemic: Erdheim-Chester disease
Nonjuvenile xanthogranuloma family
Cutaneous: solitary reticulohistiocytoma
Cutaneous and systemic: multicentric reticulohistiocytosis
Systemic: Rosai-Dorfman disease
Langerhans cell histiocytosis
Single-organ involvement
Multiorgan disease with pulmonary involvement
Multiorgan disease without pulmonary involvement
Multiorgan histiocytic disorder
a

Terms previously used for Langerhans cell histiocytosis included histiocytosis X, eosinophilic
granuloma (single organ), Hans-Schüller-Christian disease, and Letterer-Siwe disease.
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BRAF-positive diseases such as melanoma,
thyroid cancer, and hairy cell leukemia after
treatment with the BRAF inhibitors vemurafenib33,34 and dabrafenib,35 as well as with the
MEK inhibitor trametinib.36
THERAPY
Systemic treatment is deemed not to have curative potential, though, on the basis of retrospective analysis, it can improve symptoms as well
as outcomes.1 There is no standard of care
(approved therapies), and no randomized trials
have been performed for ECD. Until recently,
treatment included diverse approaches such as
steroids, cladribine-based chemotherapy,6 and
cytokine-based agents. The recent reports of
BRAF mutations in patients with ECD support
testing BRAF inhibitors in the clinic.5
The therapeutic story of ECD is interesting
because IFN-a was ﬁrst used in this condition
in a “clinic-to-bench” fashion. Initial anecdotal
reports in other histiocytosis led to its application to ECD.1,7,8,37 After the success seen with
IFN-a, the IL-1 pathway was examined in laboratory investigations and led to anakinra’s
(IL-1 receptor antagonist) translation from the
“bench to clinic” where it was made available
to patients.10,11 Other treatments successfully
used include imatinib, cladribine, zoledronic
acid, and transplantation.6,9,38-40
Treatment, which has often been palliative
rather than curative, is not necessarily needed
for asymptomatic patients with an indolent
disease course. However, patients with ECD
who face imminent organ compromise or
CNS inﬁltration have a worse outcome.1 We
often “watch and wait” with serial imaging to
document disease status in asymptomatic patients. If treatment is warranted, there are
several choices available (Figure 1).
IFN-a
Studies have shown increased serum IFN-a
levels in treatment-naive patients with ECD.3
Even so, IFN-a can be an effective therapeutic
approach to ECD. Multivariate retrospective
analysis suggested increased survival with the
use of this agent; however, no prospective randomized trials are available.1,7,8 Interferon
should be used with caution in patients with
mental illness, especially depression, owing
to possible exacerbation of the problem.41,42
In our experience, patients with ECD have a

July 2014;89(7):985-996

n

http://dx.doi.org/10.1016/j.mayocp.2014.01.023
www.mayoclinicproceedings.org

ERDHEIM-CHESTER DISEASE

TABLE 3. Manifestations of Patients With ErdheimChester Disease
Characteristic

Description

Central nervous system: diabetes
insipidus
Ophthalmologic: proptosis
Pulmonary involvement
Adrenal inﬁltration
Cutaneous
Skeletal: osteolytic lesions
Radiological Stellate intracranial lesions
Coated aorta
Hairy kidney
Pathological CD68þ, CD1a
Non-Langerhans histiocytosis
May coexist with Langerhans
histiocytosis
BRAF mutations in 54% (13 of 24)

units per week or pegylated IFN-a 180 mg per
week) in severe ECD and suggested prolonged
therapy because some patients may be slow
responders.

Clinical

poor tolerance for conventional IFN-a doses,
such as the 3 million units subcutaneously 3
times per week, though these doses are well
tolerated in patients with hairy cell leukemia.43-45 Patients with ECD often develop
intolerable fatigue at this dose level. It is
conceivable that this poor tolerance is driven
by the already elevated endogenous IFN-a
levels detected in these patients.3 Consequently, we use a lower dose of IFN-a (1
million units subcutaneously 3 times per
week). In our experience, patients tolerate
this dose well, and about half will have durable responses. Pegylated IFN-a can be offered
as an alternative to conventional IFN-a. Its advantages may include decreased constitutional
adverse effects and, with weekly dosing,
increased convenience.46 It has been suggested
that IFN-a lacks effect in patients with CNS
and/or cardiac involvement.47 However, the
authors have seen responses in this population
of patients. Importantly, our current choice of
using IFN as a frontline agent (Figure 1) is
based on our greater personal experience
with such agents because there are no randomized controlled trials comparing IFN
with other therapies to the date of this publication. Other groups have also recommended
frontline IFN although using different dosage.
Haroche et al42 treated multisystemic ECD
with subcutaneous IFN-a at a dosage of 3 to 9
million units 3 times weekly for a median duration of 23 months. Hervier et al48 used highdose IFN-a (IFN-a 18 million international
Mayo Clin Proc. n July 2014;89(7):985-996
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Imatinib Mesylate
Imatinib mesylate is a tyrosine kinase inhibitor
that selectively targets KIT, BCR-ABL, and
platelet-derived growth factor (PDGF).49 In
addition to the landmark discovery that the inhibition of the fusion kinase BCR-ABL by this
agent can be exploited to treat chronic
myeloid leukemia,50 several orphan diseases
have shown remarkable responses to imatinib
mesylate. These include mastocytosis with a
KITD816V mutation,51 dermatoﬁbrosarcoma
protuberans with a COL1A1-PDGFR-b fusion
gene,52 c-KITe positive gastrointestinal stromal tumors,53,54 FIP1L1-PDGFR-aepositive
hypereosinophilic syndromes,55 and c-ABLe
positive rhabdoid tumors.56 More recently,
successful treatment of ECD has been demonstrated.9 The biology behind ECD response remains unclear. In our experience, about a
third of the patients given imatinib respond
even though our numbers are small and
some patients were lost to follow-up (Table 4).
It has been postulated that imatinib penetrates the CNS inadequately57,58; whether
disruption of the blood-brain barrier occurs in
patients with ECD with CNS involvement is
unclear. Haroche et al38 treated 6 patients with
ECD positive for platelet-derived growth factor
receptor (PDGFR)-b with imatinib starting at
100 mg/d, increasing progressively up to 800
mg/d in 1 patient. Imatinib was used safely
with stable cardiovascular involvement; nevertheless, it led to worsening of the disease with
CNS involvement; thus, the disease was deemed
to be stable in 2 cases and worsening in 4 cases.
Overall, imatinib is well tolerated in our experience at doses of 400 mg/d orally. In some patients, a dose increase may be needed. The
role of other tyrosine kinase inhibitors in the
management of ECD is currently unknown.
To conclude, anecdotal data and our experience
suggest that imatinib can be a reasonable option
in the arsenal against ECD, particularly if other
options have been exhausted.
Anakinra: IL-1 Receptor Antagonist
Anakinra, a recombinant human IL-1 receptor
antagonist approved by the Food and Drug
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TABLE 4. Characteristics of 14 Patients With Erdheim-Chester Diseasea,b
Pathology Sex

Age at diagnosis (y)

Initial
presentation

Involvement

Treatment

Comments (best response)

Mayo Clin Proc.

Retro-orbital, bone, retroperitoneum, CNS
Retro-orbital
pain
New-onset atrial Cardiac (valve and pericardiac), retroperitoneum,
ﬁbrillation
omental, bone, diabetes insipidus

IFN-a

IFN April 2000 to October 2010 then lost to follow-up

Steroids, imatinib, IFN-a,
anakinra

36

Ascites

IFN-a

Imatinib (follow-up unclear)
IFN January 2011 until January 2014 (ongoing)
Anakinra February 2012 until January 2014 (ongoing)
IFN May 2008 until at least December 2009 (then lost to follow-up)

M

44

Slurred speech

F

31

Ataxia

F

64

ECD

F

51

Shortness of
breath
Bone pain

ECD

F

46

Mental status
changes

CNS, bone, retro-orbital, lungs

ECD

F

60

Subcutaneous
nodules

Bone, subcutaneous

ECD/
LCH

F

76

Bone pain

Bone, carotid artery

ECD

F

44

Polydispsia

Bone, CNS, diabetes insipidus, hydronephrosis

ECD
ECD
ECD

M
F
M

68
43
27

Abdominal pain Bone, cardiac, retro-orbital, perirenal
Polydipsia
Bone, diabetes insipidus
Skin lesions
Skin

ECD

M

55

ECD

M

48

ECD

M

ECD
ECD/
LCH
ECD

Perihepatic, pericardiac, renal, bone, pleural, bone
marrow
CNS, retroperitoneum, hydropnephrosis, bone

Cladribine, imatinib

CNS, bone, lungs, diabetes insipidus,
RT to brain, IFN-a,
panhypopituitarism
imatinib
Lung, subcutaneous, skin, cecal, adrenal, hilar, bone Imatinib
Bone, lung, diabetes insipidus, panhypopituitarism

Cladribine for 5 cycles from 2008 to 2009 (no response). Imatinib from
2009 until January 2014 (ongoing)
IFN January 2005 to March 2009. Imatinib April 2009 to at least until
September 2011 (then lost to follow-up)
Imatinib July 2009 to December 2009 (then lost to follow-up)

n
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CNS ¼ central nervous system; ECD ¼ Erdheim-Chester disease; F ¼ female; LCH ¼ Langerhans cell histiocytosis; M ¼ male; RT ¼ radiation.
Patients with adequate follow-up were included.

a

b
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IFN April 2002 until April 2007 (at which time there was progression)
Cladribine for 5 d in 2008
Imatinib from July 2009 until November 2009
Patient now deceased
IFN-a, steroids, RT,
IFN 2007 to 2010 (at which time there was progression)
imatinib
Imatinib from July 2010 to August 2010
Patient now deceased
IFN-a, imatinib, IFN-a,
IFN June 2010 to August 2010 (stopped because of toxicity)
anakinra, cladribine
Imatinib August 2010 to October 2010 (then progression)
IFN November 2010 until 2012
Anakinra February 2012 until 2013
Cladribine April 2013 to November 2013 (then progression)
Vemurafenib, IFN-a
Vemurafenib July 2012 to September 2012 (stopped because of
toxicity)
IFN October 2012 to March 2013 (stopped because of toxicity)
IFN-a
IFN December 2008 until at least February 2012 (then lost to
follow-up)
IFN-a
IFN September 2010 until unknown (then lost to follow-up)
Anakinra
Anakinra May 2012 until January 2014 (ongoing)
Imatinib, IFN-a, anakinra, Imatinib May 2012 to June 2012 (then progression)
PUVA
IFN October 2012 until September 2013 (then progression)
Anakinra added to IFN from March 2013 to September 2013 (then
progression)
PUVA for skin lesions from September 2013 to January 2014 (ongoing)
Steroids, RT, IFN-a,
cladribine, imatinib

ERDHEIM-CHESTER DISEASE

Administration in 2001 as treatment for rheumatoid arthritis, has been reported to ameliorate ECD.10 Tran et al11 reported a response
to anakinra, that is, weight gain and resolution
of fever and bone pain, in a pediatric patient
with ECD. A 43-year-old woman with progressive multisystemic ECD including diabetes
insipidus and widespread cutaneous lichen
planus was started on 100 mg/d of anakinra
subcutaneously with improvement in most of
her skin lesions and resolution of her pruritus.59 Despite initial case reports, the utility
of anakinra has subsequently been questioned.60 The IL-1 machinery orchestrates
the signaling cascade that includes IL1Reassociated kinases and mitogen-activated
protein kinases in histiocytes.61
It has also been documented that there is a
high level of expression of IL-1a on the membrane of monocytes10 and IL-1b abnormal
inﬁltrating histiocytes62 in histiocytic disorders, supporting anakinra’s role as a therapeutic target. Of interest, IFN-a stimulates the
production of natural IL-1 receptor antagonist,
which apparently then abrogates the inﬂammatory pathways leading to histiocytic proliferation.11 Other IL-1emediated effects
include monocyte/macrophage lineage activation61 and osteoclast stimulation.63
Anakinra, a recombinant mimic of the naturally occurring receptor antagonists of IL-1, is
usually started at 100 mg/d subcutaneously. It
is well tolerated, though there can be mild local
injection site tenderness, which usually subsides
with continued drug administration. Reactivation of infections,64 such as tuberculosis, may
occur. There is insufﬁcient safety data regarding
the use of anakinra during pregnancy.65 Because
of its excellent toxicity proﬁle, we favor using
anakinra, especially for patients who are elderly
or have comorbidities, and particularly if other
options have been exhausted.
Vemurafenib
BRAF V600E mutations were found in 38%
(11 of 29) to 57% (35 of 61) of the patients
with Langerhans cell histiocytosis.4,32,66 Subsequently, BRAF mutations were detected in
54% (13 of 24) of the patients with ECD.4
The therapeutic implications of BRAF mutations in histiocytic disorders remain unknown.
Of interest, BRAF mutations also occur in
hairy cell leukemia, and our recent experience
Mayo Clin Proc. n July 2014;89(7):985-996
www.mayoclinicproceedings.org
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FIGURE 2. A, Whole-body technetium bone scan: Erdheim-Chester disease manifested as diffuse sclerotic lesions, particularly on the diaphysis of
appendicular long bones. Scattered foci of abnormal radiotracer activity
were also seen, with the most conspicuous sites of abnormality in the right
sacrum and bilateral tibiae and distal femora. B, Magnetic resonance imaging showing lesions on T9, L1, and L5 vertebral bodies with no evidence
of acute compression fracture. C, Computed tomography of the chest
showing an inﬁltrative mass involving the pericardium and the wall of the
right atrium. D, Computed tomography of the abdomen showing a perirenal inﬁltrative mass compatible with “hairy kidney.” Note the wall
thickening surrounding the abdominal aorta. E, Positron emission tomography showing activity within the enlarged thickened kidneys and renal
tissues. F, Magnetic resonance imaging showing dural-based masses and a
central heterogeneous mass displacing the cingulate gyrus, corpus callosum, and lateral ventricles. G, Computed tomography of the chest
showing chronic interstitial changes throughout both lungs. H, Positron
emission tomography showing multiple hypermetabolic lesions in the
subcutaneous tissues.

http://dx.doi.org/10.1016/j.mayocp.2014.01.023

991

MAYO CLINIC PROCEEDINGS

successfully tried in patients with multisystem
Langerhans cell histiocytosis.71 The activity of
such combinations in ECD is unknown. Broccoli et al72 reported a patient with bilateral
orbital ECD that responded to VNCOP-B
chemotherapy (etoposide, mitoxantrone, cyclophosphamide, vincristine, bleomycin, and
prednisone). High-dose chemotherapy has
also been attempted, with cyclophosphamide
given on day 1 and etoposide administered on
days 1 to 3, and subsequently monthly doses
of 2-chlorodeoxyadenosine on days 1 to 5.73
Intrathecal or high-dose intravenous methotrexate has been suggested to be a reasonable
option for patients with ECD and CNS
involvement.74

FIGURE 3. Localized cutaneous involvement of
Erdheim-Chester disease with bilateral palpebral inﬁltration.

suggests that this disease can be very responsive to the BRAF inhibitor vemurafenib.67
We recently treated a BRAF-positive patient
with vemurafenib with stable disease after 2
cycles of therapy (unpublished data); unfortunately, treatment had to be discontinued
because of poor tolerability including fatigue
and diarrhea. Haroche et al5 described dramatic responses in 3 patients with refractory
ECD, which serves as a proof of principle for
targeted therapy in this rare disease.
Steroids
Chen et al68 reported a patient with a diagnosis of ECD whose pericardial effusion
responded to intravenous pulse methylprednisolone followed by oral prednisolone. Taguchi et al69 described a patient with ECD and
multiple xanthogranulomas that improved in
response to glucocorticoids. However, Mahnel
et al70 presented a case of pituitary histiocytosis that did not respond to systemic steroids or
local radiation and the patient continued to
decline neurologically.
Cytotoxic Chemotherapy
A regimen combining vinblastine, etoposide,
prednisone, and 6-mercaptopurine has been
992
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Cladribine (2-Chlorodeoxyadenosine)
Adam et al75 described a patient with ECD
whose pituitary stalk inﬁltration went into
radiological remission after 4 cycles of 2chlordeoxyadenosine, also known as cladribine,
a purine analogue that is toxic to monocytes.
This drug is approved for hairy cell leukemia,
a disease that almost universally responds to it.
The same group tried a combination of 2chlorodeoxyadenosine and cyclophosphamide
during the initial 5 days of a 28-day cycle and
achieved a complete response that persisted at
16 months.6 Interestingly, partial response of
CNS lesions to cladribine76 has been reported
in a patient with ECD, with subsequent complete remission of CNS disease when the
regimen was switched to lenalidomide,76
though bone involvement persisted. Overall,
cladribine has activity in the treatment of histiocytic disorders.77
Bone Marrow Transplantation
Boissel et al40 reported an 18-year-old man
with ECD who achieved a partial response
to his ﬁrst autologous bone marrow transplantation (etoposide and melphalan as conditioning regimen); a second autologous bone
marrow transplantation (carmustine, etoposide, and melphalan as conditioning regimen)
rendered the patient stable for 2 years. The authors of this article also suggested that etoposide is cytotoxic for monocytic lineage cells.40
Gaspar et al78 reported the use of high-dose
chemotherapy followed by autologous hematopoietic stem cell transplantation for 6
adult patients with histiocytic disorders and
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CNS involvement. Three of these 6 patients
had ECD, and their overall survival was reported to be 97, 14, and 8 months, respectively. The patients were alive at the time of
such publication, although they were facing
progressive disease.78
Bone-Remodeling Agents
The role of bisphosphonates to prevent
skeletal-related events in ECD has not been
deﬁned in clinical trials; however, some investigators use bisphosphonates, extrapolating
data from other malignancies. Denosumab, a
human monoclonal antibody directed against
receptor activator of NF-kB ligand, is an
attractive agent for patients with ECD because
high serum levels of soluble receptor activator
of NF-kB ligand have been reported in patients with Langerhans cell histiocytosis.79
Because most patients with ECD have sclerotic
bone lesions, the potential salutary effects of
these agents may be limited to a subset of
individuals.
Inﬂiximab: An AntieTNF-a Antibody
Tumor necrosis factor alpha seems to regulate the recruitment of histiocytes, which
has been documented in lesions of patients
with ECD. Dagna et al29 used this rationale
to treat 2 patients with severe ECD-related
cardiovascular disease with the TNF-a inhibitor inﬂiximab. Resolution of pericardial effusion and improvement in cardiac function
were demonstrated.
FUTURE DIRECTIONS
Erdheim-Chester disease is an uncommon
non-Langerhans histiocytosis that may coexist
with Langerhans histiocytosis.80 It involves
diverse organs, and it is often difﬁcult to diagnose. Common features include bone sclerosis, orbital inﬁltration with proptosis, CNS
involvement with diabetes insipidus, cardiac
involvement, and pulmonary inﬁltration.
Deregulation of cytokine pathways has been
implicated in the pathogenesis of ECD. Responses have been seen with steroids, cytotoxic
chemotherapy, bone-remodeling agents, and
bone marrow transplantation. For many diseases, rational and biologic-based therapeutic
targeting (Figure 5) often improves outcomes.81,82 Bedside observations are often
crucial as well, especially for very rare disorders.
Mayo Clin Proc. n July 2014;89(7):985-996
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FIGURE 4. Diffuse cutaneous involvement of Erdheim-Chester disease.

There are now well-documented responses,
even though in small numbers of patients with
ECD, to various easy-tolerated agents such as
low-dose IFN-a, the kinase inhibitor imatinib
mesylate, 2-chlorodeoxyadenosine, the IL-1 receptor antagonist anakinra, and the TNF-a antibody inﬂiximab. There are no prospective
randomized trials in this disease, nor have any
therapies been approved for it. Furthermore,
such trials and approvals will be difﬁcult
because of its rarity; nevertheless, international
organizations, such as the ECD global alliance
(www.erdheim-chester.org), foster research in
orphan diseases and will be a vehicle to
perform larger prospective therapeutic trials.
Recently, BRAF mutations have been identiﬁed
in 58% of the patients with ECD, suggesting
that this entity is also a possible target for
BRAF inhibitors.5
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Histiocytes of patients with Erdheim-Chester disease have been reported
to express PDGFR-b, providing a rationale for the use of imatinib in this
population; however, the mechanism of action of imatinib in this condition remains largely unknown. Abnormal histiocytes seem to have IL-1
expression, thus supporting the rationale of using the IL-1 receptor
antagonist anakinra in ECD. BRAF mutations seem to be relatively common in patients with histiocytosis; hence, clinical trials using BRAF inhibitors in this condition are awaited. Inﬂiximab seems to regulate the
recruitment of histiocytes.

CONCLUSION
ECD is an uncommon multisystem nonLangerhans histiocytosis. Rare diseases are
uniquely challenging from a therapeutic point of
view, though increasingly many cancers may be
stratiﬁed into small molecular subsets.83-85 The
present review details our approach to the management of ECD.
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