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ABSTRACT

Erdheim-Chester disease is a rare non-Langerhans cell histiocytic disorder characterized by abnormal

multiplication of histiocytes or tissue macrophages. It is most commonly characterized by multifocal
osteosclerotic lesions of the long bones demonstrating sheets of foamy histiocytes, with or without histiocytic
infiltration of extraskeletal tissues such as the skin, pituitary gland, retroperitoneum, kidneys and heart.

Most cases are diagnosed in adulthood, between ages 40 and 60 years (mean, 53 years), with a 3-fold
frequency in males than females. Sporadic cases in children have been reported. This review discusses the
clinicopathological features, diagnosis and current treatment of this rare, non-Langerhans cell histiocytosis.
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Introduction

In 1930, Jakob Erdheim and William Chester described
a “lipoid granulomatosis” disease that was subse-
quently named after them [1]. Since then, research
showed that Erdheim-Chester disease (ECD) is a rare
non-Langerhans cell histiocytic disorder characterized
by abnormal multiplication of histiocytes or tissue
macrophages. Although rare, the number of cases has
dramatically increased in the last 10 years due to in-
creased recognition and knowledge about ECD[1-6].
ECD is most commonly characterized by multifocal
osteosclerotic lesions of the long bones demonstrating
sheets of foamy histiocytes, with or without histiocyt-
ic infiltration of extraskeletal tissues such as the skin,
pituitary gland, retroperitoneum, kidneys and heart
[2,3]. ECD usually becomes apparent in adulthood,
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between ages 40 and 60 years (mean, 53 years), with
a 3-fold frequency in males than females [5]. Sporadic
cases of ECD in children have been reported (approx-
imately 15 cases reported to date), however, none of
them has displayed heart involvement, as opposed to
adult patients [7,8].

Pathogenesis

The etiology and pathogenesis of ECD are unknown;
it is considered an inflammatory or clonal neoplastic
disorder [6]. The high levels of IFN-alpha, interleu-
kin-7, interleukin-12, monocyte chemoattractant pro-
tein-1, and reduced concentrations of interleukin-4
observed in patients with ECD may explain the associ-
ated systemic immune TH-1 intense activity [5,9]. The
detection of BRAFV600E mutations by Badalian-Very
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Fig. 1. Histologic section of a bone tissue biopsy specimen

from a patient with ECD shows intense fibrohistiocytic
infiltrate with prominent proliferation of foamy histiocytes
(stain, hematoxylin and eosin stain; magnification, 200x)

etal. [10] and NRASQ61R mutation by Diamond et al.
[11] has changed the understanding of the pathogene-
sis of ECD. More than half the ECD patients carry the
BRAFV600E mutation, while recurrent, somatic mu-
tations of the MAP kinase and AKT pathways such
as mutations of NRAS, MAP2K1 and PIK3CA have
also been observed. It has been suggested that these
mutations should lead to a new classification of histio-
cytic disorders such that Langerhans cell histiocytosis
and ECD are classified as inflammatory myeloid neo-
plasms [2].

Diagnosis

The diagnosis of ECD is based on histopathologic
findings (Fig. 1) within an appropriate clinical and
radiological context. ECD has a specific immunohis-
tochemical profile with xanthomatous foamy histio-
cytes that stain positive for CD68, negative for CD1a,
and either positive or negative for S100 [12]. In addi-
tion to lymphocytes, plasma cells and occasional eo-
sinophils, ECD characteristically shows the Touton
giant cells, which are enlarged histiocytes that contain
large amounts of clear eosinophilic cytoplasm and pe-
ripherally displaced nuclei [13].

In addition to the typical histologic features, the
radiographic finding of symmetric diaphyseal and
metaphyseal osteosclerosis in the legs is present in al-
most all patients (96%)[14,15]. This is one of the iconic
features of ECD, best seen on 99-mTc bone scan com-

Fig. 2AB. (A) Bone scan and (B) PET-CT of a patient
with ECD show symmetrically increased uptake at the
distal ends of the femurs and the proximal and middle
tibia

pared to positron emission tomography (PET) scan
(Fig. 2). Bone scan shows increased radioisotope up-
take at the distal ends of the femurs and the proximal
and distal tibia [14,15]. Bone lesions may be missed on
radiographs but can be visualized more sensitively on
computed tomography (CT) or magnetic resonance
(MR) imaging. CT of the abdomen may show dense
infiltration of perinephric fat (“hairy kidneys”) in 57%
of cases [16,17].

Clinical manifestations

Patients with ECD may present with bone pain, di-
abetes insipidus, exophthalmos, constitutional symp-
toms, interstitial lung disease, ureteral obstruction,
renal impairment, heart dysfunction and/or tam-
ponade, cerebellar or pyramidal symptoms, and xan-
thelasmas.

Bone involvement

Bone lesions in ECD are described as osteosclerosis
or polyostotic sclerosis as evident in imaging stud-
ies [6,18-23]. Bone involvement is extremely frequent
(96% of the patients) [14,15] but only 39% of patients
experience bone pain that is, nevertheless, the most
common clinical symptom of the patients with ECD
[15]. Bone pain is usually mild, may start at any time
during the course of the disease and mostly affects the
legs. Radiographs show a patchy or diffuse osteoscle-
rosis involving the medullary canal, a feature most
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prominent in the diaphysis and metaphysis; bone
cortices are also thickened due to periosteal new bone
deposition, and skeletal involvement is multifocal
and usually symmetrical [17,19,20]. Lytic lesions are
reported in 5-8% of patients [19]. MR imaging of the
long bones may show epiphyseal involvement, per-
iostitis and replacement of the normal fatty marrow
[23].

Cardiovascular involvement

The most common cardiovascular sign in patients
with ECD is the circumferential periaortic sheathing
of the thoracic or abdominal aorta and its branches
[5,20]. Renal artery involvement is associated with
renovascular hypertension in 16% of cases [20]. In
contrast, infiltration of the pericardium, right heart
and coronary arteries may result in cardiac tampon-
ade, myocardial infarction and valvular dysfunction
in17% of cases [20,24]; however, even in patients with
symptomatic heart valve disease, valve replacement is
rarely required [20,25].

Central nervous system, orbital, and

neuroendocrine involvement

Endocrine involvement is very frequent in ECD and
should carefully be evaluated at diagnosis and during
follow-up [26-31]. Exophthalmos, often bilateral, may
occur in 25% of the patients with ECD due to infiltra-
tion of the retro-orbital soft tissues [26,27]. Infiltration
may be massive in a small number of cases, rendering
itrefractory to medical therapy, and requiring surgical
debulking of the involved orbit. Diabetes insipidus,
due to pituitary gland infiltration, is the most frequent
endocrine manifestation of ECD (26% of cases). The
hypothalamic-pituitary axis is the most common cen-
tral nervous system (CNS) site affected [28]. Rare cas-
es of pituitary or hypothalamic infiltration with other
endocrine consequences such as hyperprolactinemia,
gonadotropin insufficiency and abnormally low lev-
els of IGF-1 have also been reported [29,30]. A sin-
gle-center observational study, [31] reported a 33.3%
incidence of diabetes insipidus, a 91.3% incidence of
anterior pituitary dysfunction, a 78.6% incidence of
somatotropic deficiency, a 44.1% incidence of hyper-
prolactinemia, a 22.2% incidence of gonadotropic de-

ficiency, and a 9.5% and 3.1% incidence of thyrotropic
and corticotropic deficiency, respectively. No patient
in that series was free of endocrine hormonal or mor-
phological involvement [31].

CNS involvement in patients with ECD ranges from
25% to 50% (mean, 40%) [4,28,32]. The most common
neurological signs are cerebellar and pyramidal syn-
dromes (41% and 45% of cases, respectively), followed
by seizures, headaches, neuropsychiatric signs or
cognitive impairment, sensory disturbances, cranial
nerve paralysis, and asymptomatic lesions [32]. Pa-
renchymal CNS lesions have been reported as an in-
dependent predictor of death [5]. The most damaging
and difficult to treat neurological condition is pseudo-
degenerative involvement of the cerebellum [28].

Skin involvement

The most common skin involvement in ECD includes
xanthomalike papules and periorbital xanthelasma-
like skin lesions [19,33]. Red-brown papular lesions
at the extremities and trunk have also been described
[34,35].

Renal and urinary tract involvement

Renal and Urinary tract involvement in ECD accounts
for approximately 30% of cases [4,19,36,37]. Manifes-
tations vary and occur secondary to direct invasion of
sheets of histiocytic infiltrate into the retroperitone-
um, causing upper ureteral obstruction, encasement
of the kidneys, adrenal insufficiency and chronic renal
failure [4,19,36,37].

Pulinonary and other organs involvement
Pulmonary involvement has been reported in 15-
35% of patients with ECD [19,38]. Patients with lung
involvement by ECD typically present with progres-
sive dyspnea over a period of months to years [19].
Imaging findings include an interstitial process char-
acterized by smooth interlobular septal thickening
and centrilobular nodular opacities, fissural thicken-
ing, and pleural effusions [38]. Autopsy studies have
demonstrated involvement of the testes, thyroid,
lymph nodes, breasts, and macrophage activation
syndrome [39-42].
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Differential diagnosis

Parietal aortic wall thickening with diffusion to the
main aortic branches can be observed in Takayasu
arteritis, which mainly affects young women. How-
ever, the imaging and histologic findings of Takayasu
arteritis and ECD are different; the entire arterial wall
is affected in Takayasu arteritis, whereas the adventi-
tial and periadventitial periaortic spaces but not the
wall itself is affected in ECD patients. ECD can also be
differentiated from medjiastinal and retroperitoneal fi-
brosis based on imaging; typically, retroperitoneal fi-
brosis is not circumferential and infiltrates the anterior
and the lateral sides of the aorta, sparing the posterior
side, while retroperitoneal fibrosis but not ECD may
involve the inferior vena cava that may be stenosed or
occluded, or the pelvic ureters [20]. Extravascular in-
volvement common in ECD but not in retroperitoneal
fibrosis such as bilateral infiltration of the perirenal
space (“hairy kidneys”) is useful for differential diag-
nosis. The differential diagnosis of ECD should also
include relapsing polychondritis (via periaortitis), hy-
per IgG4 syndrome with some overlap forms with Ro-
sai-Dorfman disease, and mesenteric panniculitis [20].

Treatment

Initial treatment for ECD was empirical, mainly based
on chemotherapeutic or immunosuppressive agents;
mortality rates were as high as 60% within 3 years of
diagnosis [19]. Currently, treatment options for ECD
include interferon alpha (IFN-a), IL1-receptor antago-
nists, BRAF and MEK inhibitors, with mortality rates
significantly improved. However, ECD remains an
orphan disease that is a disease for which no treat-
ment has been developed because of its rarity.

IFN-a treatment for ECD had a positive impact on
patients” outcome [5,43-45]. Braiteh et al. reported rap-
id, marked and persistent regression of retro-orbital
infiltration, and progressive improvement of bone le-
sions, pain and diabetes insipidus in patients in whom
IFN-a was administered [43]. However, IFN-a efficacy
differed according to the involved sites, especially for
CNS, cardiovascular and multiorgan involvement; in
these cases, higher doses of INF-a were recommended
[44/45]. IFN-a appears to be the best choice for the ini-
tial treatment of ECD, however, it should be adminis-
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tered for long. A prospective study of 24 patients with
extensive ECD involving the CNS with or without
cardiac involvement who had suboptimal response
to standard IFN-a dosing reported improved disease
in 46% of patients, stable disease in 21% of patients,
and worsened disease in 25% of patients at a 3-year
follow-up with increased IFN-a and pegylated IFN-a
doses [45].

Anakinra is an IL1-receptor antagonist approved for
the treatment of rheumatoid arthritis and neonatal-on-
set multisystem inflammatory disease. Its mechanism
of action in ECD is extrapolated from the knowledge
that proinflammatory cytokines, including IL1, are
produced after IFN-a stimulation [46-48]. However,
response to anakinra varies; in a recent study of 12
patients with multiorgan ECD treated with anakin-
ra, symptomatic improvement was reported in 50%
of the patients in regard to fatigue, bone pain, fever
and sinus disturbances, five patients had progression
of disease, two had stable disease, one had a partial
response and one had complete response [46].

Vemurafenib is a BRAF inhibitor approved in 2011
by the Food and Drug Administration for the treat-
ment of advanced melanoma in patients harboring
the BRAFV600E mutation. In 2012, a pilot study was
conducted of vemurafenib treatment for three pa-
tients with the BRAFV600E mutation and multiorgan,
refractory ECD after treatment with INF-a [49]. Vemu-
rafenib treatment led to rapid, substantial clinical and
biological improvement in all three patients as early
as one month after the beginning of treatment. For
one patient, serial PET assessments of the response to
treatment showed continuous improvement during
the first four months of treatment [50]. Darafenib and
trametinib are similar drugs currently studied for the
treatment of BRAF-mutated ECD.

Trametinib and cobimetinib are MEK inhibitors that
have been used in few reported cases as either mon-
otherapy or in combination with BRAF inhibitors in
ECD with promising results [51,52].

Prognosis

The clinical course and prognosis of ECD depend on
the extent and distribution of the disease; some pa-
tients present only asymptomatic bone lesions, where-
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as others have multisystemic, potentially life-threaten-
ing forms. Lesions accumulate in the affected organs
and systems and rarely regress spontaneously. Serum
C-reactive protein (CRP) levels are high in more than
80% of cases, but with little impact on patients” out-
come. PET is particularly useful for the assessment of
ECD activity [21]. PET scans can detect CNS and car-
diovascular system involvement, and can reveal early
responses to treatment, when no changes in such le-
sions are apparent on MR imaging. Two studies re-
ported before the era of IFN-a provided evidence of
poor prognosis of ECD [19,20]. Currently, high dose
INEF-a treatments and BRAF inhibitors have improved
the prognosis of the patients with ECD [45,49,50].

Conclusions
ECD is a rare NLCH with potential for multiorgan
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H vooog Erdheim-Chester eivat pia orrdvia poper) wotiokdttong pn-Langerhans, v onota diaxpivoopie arro
TOV aAVOPAAO HOMNAIAACLAOPO OTIOKDTTIAP®OV 1) L0TIK®OV pakpopay®v. H vooog yapaktnpietat amod moAve-
OTLAKEG OKAT)POVTIKEG AAAOIDOELG OTA PAKP OOTA KA TV EMIOTPMOT P APP®OI) IOTIOKOTTAPC, EV® PIIOPEL VA
ordpyet 91} 0N 01 WTIOKLTIAP®V 08 AANODG EKTOG TOL OCTLTOD 10TOVS, OTIKG OTO OEPIA, THV DIIOPLOL), TOV OITodo-
HIEPTTOVATKO X®PO, TOLG VEPPOLG KAt TO PuOoKAPd10. H mAelovotnta Tov NEpUIT@OE®V d1aytyVOOKOVIAl OtV
evi\ikn) (o), petadop 40 éag 60 etmv (péon nAikia 53 eTwv), pe TPUINACLA OLXVOTTA OTOLG AVOPEG O OLYKPLO)
pe Tg yovaikeg. Exoov wotooco avagepet omavieg nepurtooetg oe naidwa. H avaoxonmorn avtr) avalvdet tig -
APOPEG KALVIKEG HOPPES, T OLAYVWOTIKI| IIPOOEY Y101 KAl TV TPEXOLOM OePAIIEVTIKT] AVIIPETMIILON ALTIG THG

OTICIV1aG VOOOU.

AEEEIX KAEIAIA: vooog Erdheim-Chester, iotiokottwon pn-Langerhans, wvtepgpepovn A
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