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Abstract

Erdheim—Chester disease (ECD) is a rare form of non-Langerhans-cell histiocytosis, associated in more than 50% of cases to BRAFY6"E
mutations in early multipotent myelomonocytic precursors or in tissue-resident histiocytes. It encompasses a spectrum of disorders ranging
from asymptomatic bone lesions to multisystemic, life-threatening variants. We reviewed all published reports of histologically-confirmed
ECD and explored clinical, radiological, prognostic and therapeutic characteristics in a population of 448 patients, including a unique patient
from our Department. To find a clinically relevant signature defining differentiated prognostic profiles, the patients’ disease features were
compared in relation to their CNS involvement that occurred in 56% of the entire population. Diabetes insipidus, visual disturbances, pyramidal
and extra-pyramidal syndromes were the most recurrent neurological signs, whereas concomitant pituitary involvement, retro-orbital masses
and axial lesions in the presence of symmetric bilateral osteosclerosis of long bones depicted the typical ECD clinical picture. Patients
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with CNS infiltration showed a lower occurrence of heart involvement and a higher incidence of bone, skin, retro-peritoneal, lung, aortic and
renal infiltration. No difference in the therapeutic algorithm was found after stratification for CNS involvement. A better understanding of
the disease pathogenesis, including BRAF deregulation, in keeping with improved prognostic criteria, will provide novel suggestions for the

management of ECD.
© 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Erdheim—Chester disease (ECD) is a non-Langerhans-cell
form of histiocytosis characterized by xanthomatous infil-
tration of tissues by CD68-positive, CD1a-/S100-negative
foamy histiocytes [1]. It is a rare disorder accounting for
up to 600 cases to date, which primarily affects male patients
between their Sth and 7th decade of life [2]. Although, accord-
ing to the WHO classification, ECD is a neoplasm deriving
from histiocytes, there is a long standing debate as to whether
the disorder is of malignant or polyclonal reactive nature [3].
Clinical manifestations of ECD at presentation are protean
and encompass bone pain, diabetes insipidus, neurological
and constitutional symptoms, although retroperitoneal, cuta-
neous, cardiovascular and pulmonary involvement have also
been described [4,5]. Since the clinical picture of ECD arises
as a slowly forming mosaic with sequential manifestations,
the diagnosis is often challenging. However, X-ray peculiar
aspects such as symmetric diaphyseal osteosclerosis or par-
allel scintigraphy uptake in long bones of both extremities
provide a striking signature of the disease and may favor the
diagnosis [2].

Recently, the discovery of activating mutations of BRAF in
54% of ECD patients, along with the role of tumor microen-
vironment in its development, has modified the traditional
interpretation of the disease, supporting novel therapeutic
potential in adopting the targeted therapy [6—8]. In particular,
the BRAF inhibitor Vemurafenib [9], the anti-TNFo moAb
Infliximab [10], and the IL-1R antagonist Anakinra [11] have
been used with variable though promising results. However,
the 5-year survival occurs in less than 70% of patients [12].

Based on the availability of new drugs, some of which
exceeding the blood—brain barrier, optimized treatments for
patients with CNS lesions are urgently needed. Here, we
report a single case of ECD and systematically revisit all
published, reliably diagnosed cases of ECD.

2. Case report

A 28-year-old man with a 5-year history of diabetes
insipidus, vespertine fever, dyspepsia, nausea and vomiting
was admitted in 2010 at our Department complaining of
paresthesia and weakness of the lower extremities. Phys-
ical examination demonstrated mild left hand dysmetria,
ataxic gait as well as the presence of bilateral eyelid xan-
thelasmas and well-defined papules on the thoracic wall. The
results of extensive serum laboratory analyses were otherwise

unremarkable. The brain MRI documented a homogeneous
intense enhancement of infundibular stalk (Fig. 1A) after
gadolinium administration and the presence of white matter
lesions in the pons and in the right middle cerebellar pedun-
cle (Fig. 1B). Spinal cord involvement was also detected,
since several lesions with moderate contrast enhancement
on T1 sequence were diagnosed at level of C2, D1, D8 and
D10-D11 (Fig. 1G). The *Tec-bone scan showed increased
uptake in the proximal epiphysis and metaphysis of long
bones (Fig. 1D), while 18FDG-PET/CT demonstrated high
glucose avidity of the brain lesions with a SUV up to 7.3 in
the pituitary gland (Fig. 1C). The patient was subjected to
rachicentesis, but the cerebrospinal fluid analysis was unre-
markable, showing only rare lymphocytes and histiocytes.
Treatment with desmopressin and prednisone was started,
but neurological symptoms exacerbated. A skin lesion biopsy
revealed the presence of small nucleated foamy histiocytes
(CDla—, CD68+, S100—) and Touton-like multinucleated
giant cells along with lymphocytic and eosinophilic infil-
tration (Fig. 1I-]J). These findings suggested the diagnosis
of ECD, and therapy with cyclophosphamide was initi-
ated. After one year of treatment, ataxia, paresthesias and
weakness of lower extremities worsened with raising of dizzi-
ness, diplopia and blurred vision. A new brain MRI showed
additional areas of increased contrast-uptake in the right cere-
bellar hemisphere (Fig. 1E), in the left parietal lobe in close
proximity to the ipsilateral lateral ventricle and in the sple-
nium of the corpus callosum (Fig. 1F) in concomitance with
worsening of the multiple spinal lesions, while a new scle-
rotic area involving the L2 vertebra was detected (Fig. 1H).
Cyclophosphamide was discontinued and the patient started
the treatment with alfa-2b Peg-interferon at 120 pg/week.
Since this single-drug therapy did not improve the neuro-
logical symptoms, the interferon dosage was increased to
180 pg/week, in conjunction with low dosage of prednisone
and cyclophosphamide. At the last follow-up, in June 2013,
a partial regression of the brain lesions was detected by both
MRI and 18FDG-PET/CT, and the treatment was maintained.
Based on the study by Haroche et al. [6], analysis of BRAF
mutational status was performed by pyrosequencing, and the
V600E mutation was detected.

3. Literature review and methods of analysis

We searched the English-language literature indexed in
PubMed using the keyword “Erdheim—Chester disease” and
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Fig. 1. Bone and CNS involvement in our own observation of ECD. At diagnosis, MRI detected an intense enhancement of the infundibular stalk after gadolinium
administration (A) and the presence of white matter lesions in the pons and in the right middle cerebellar peduncle (B). Fused PET/CT image (C) showed
increased FDG uptake in the pituitary gland. ° Tec bone scan showed increased uptake in the proximal epiphysis and metaphysis of long bones (D). After one
year of treatment with cyclophosphamide and steroids, the patient underwent worsening in the CNS involvement, with new cerebellar (E) and peri-ventricular
lesions (F). Also, spinal (G) and vertebral (H) lesions were detected. CD68+ small nucleated foamy histiocytes (arrow) and Touton-like multinucleated giant

cells (arrowhead) in a skin lesion biopsy (I-J).

published up to June 2014. Among the described cases, diag-
nosis of ECD was considered consistent when the criteria
proposed by Haroche et al. (Table 1) [2] were fulfilled. Only
papers reporting data from individual patients were included
for review. Cases with doubtful or not univocal diagnosis as
well as repeated reports on the same patients were excluded.

Table 1
Diagnostic criteria for ECD proposed by Haroche et al.

1. Characteristic
histological
findings

Foamy histiocyte infiltration of polymorphic
granuloma and fibrosis or
xanthogranulomatosis, with CD68-positive
and CD1a negative immunostaining
2. Characteristic (a) Bilateral and symmetric cortical
skeletal osteosclerosis of the diaphyseal and
abnormalities” metaphyseal parts of the long bones on
X-rays, and/or
(b) Symmetric and abnormally intense
labeling of the distal ends of the long bones
of the legs, and in some cases arms, as
revealed by *Tc bone scintigraphy.

* The second criterion is not strictly required for ECD diagnosis.

In particular, three independent physicians (V.S., EM.R.
and M.C.L.) reviewed the selected papers and completed a
detailed analysis of clinical, pathological and radiological
features as well as treatment and outcome. Details included
age at the onset of ECD, sex, race, main neurological signs
and symptoms, results of the morphological and functional
imaging, molecular assessment, treatments and follow-up.
In this reviewing analysis we obviously included our own
clinical observation.

Statistical analysis was performed using GraphPad Prism
5 software for Macintosh (GraphPad Software, La Jolla, CA,
USA). Differences between groups of patients were tested
using Student’s ¢ test and the Mann—Whitney test for con-
tinuous data, while the Fischer exact test, the X2 test or the
Mann—Whitney test were used for categorical data. Overall
survival (OS) was determined from diagnosis to death from
any cause. Survival curves were estimated using the method
of Kaplan—Meier and were compared by the log-rank test.
All tests were two-sided, and a p-value <0.05 was considered
statistically significant.
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4. Results
4.1. Patient population

From the systematic review of the literature, we retrieved
331 manuscripts describing patients with ECD (Table S1).
In 448 patients the ECD diagnosis was considered consis-
tent. Median age at diagnosis in the population of patients
with neurological involvement was 51.5 years (range, 4—77)
and was lower with highly significant difference (p =0.002)
compared to patients without neurological symptoms (54.5
years). Comparison by sex using the Dunn’s post-test failed
to show any significant difference in the median age at diag-
nosis between the two cohorts of patients (p >0.05, data not
shown). In the overall population the median age at death,
and mean time between diagnosis and death were 56 and 2.3
years, respectively (Table 2).

4.2. Neurological manifestations

Neurological symptoms represent a prominent feature of
ECD and occur in approximately 25% and 50% of patients
at the onset or during the course of the disease, respec-
tively. Exophthalmos, gaze disturbances, diabetes insipidus,
cerebellar syndromes, seizure and focal mass lesions-related
radiculopathy are the most recurrent manifestations affect-
ing the central nervous system (CNS), whose lesions are
directly responsible for one third of all deaths and have
been specifically identified as independent predictive fac-
tors of poor prognosis [4,12]. In our case record, only 11
patients displayed no neurological symptoms despite their
radiologic findings were consistent with CNS involvement.
As represented in Fig. 2A, diabetes insipidus was the most
common manifestation of neuro-ECD and was associated
with thickening of the pituitary stalk, alteration of the bright-
ness of the hypophysis or pituitary infiltration in 12%, 6%
and 3% of patients, respectively. Unspecific neuroradiologic
patterns were found in the other patients. Up to 72% of those
with diabetes insipidus showed other sites of the disease
within the CNS as visual disturbances, diplopia and blurred
vision, whereas ataxia was revealed in approximately 23% of
patients and was associated to lesions involving the retrob-
ulbar fat or the optic chiasm, and the cerebellum lobes or
the dentate area. Patients with ataxia frequently displayed
dysmetria, nystagmus, positivity of the Babinski sign and/or
tendon hyperreflexia at the physical examination (Fig. 2B).
Perturbations of the pyramidal system were also described
as hemiparesis or paraparesis that were reported in 7% of
patients, usually as consequence of spine compression by
intradural masses or, most often, extradural and bony lesions.
Dysarthria, headache, epilepsy and neuropsychiatric symp-
toms including delirium, psychosis, depression and cognitive
function deterioration were observed in less than 10% of
patients with neurological involvement and were commonly
associated to lesions involving the cerebral lobes.

Symptoms consistent with hypopituitarism were docu-
mented in 6% of the study population, whereas intracra-
nial hypertension syndrome with nausea, vomiting and
papilledema was reported in a minority (2.5%) of patients,
irrespective of the number, location and size of their axial
lesions. Among the signs of CNS involvement (Fig. 2B),
exophthalmos was the most common, being reported in 37%
of patients. Exophthalmos presented both unilaterally or
bilaterally and was the clinical appearance of a retro-orbital
mass in 98% of cases.

Neuropathological imaging is essential for both diagnosis
and prognosis, and includes retro-orbital masses, involve-
ment of cerebellum dentate nucleus, meningeal lesions of
the dura, and multiple areas of demyelination of both cere-
bellum and brainstem. Suprasellar lesions and/or nodular or
micronodular masses of the infundibular stalk are associated
with diabetes insipidus, hypopituitarism and hyperprolactine-
mia as consequence of the disruption of the hypothalamic
dopaminergic prolactin inhibiting pathway [3,13]. As shown
in Fig. 2C, the described SNC lesions were ubiquitous,
involving the brain, the brainstem and, less frequently, the
spine. No pathognomonic neuroradiological pattern of CNS
involvement could be recognized. Up to 17% of patients
showed unspecific patterns such as widespread hyperintense
signals on T2-weighted MRI images, or white matter lesions,
whereas meningeal lesions were found in up to 10% of
neuro-ECD patients. Over 50% of patients had simultaneous
involvement of at least two anatomical sites within the CNS.

Extra-neurological manifestations are summarized in
Table 3.

4.3. Bone involvement

Skeletal localizations were described in 74% of patients
during the entire course of the disease. The most affected
bones were femur and tibia, and symmetric diaphyseal
osteosclerosis or symmetric uptake of long bone extremi-
ties at bone scan were the most common imaging findings.
Frequency of skeletal involvement was not influenced by
the sex, and the mean age at diagnosis in the presence of
bone lesions was 51 years. Although an increased incidence
(86%) of skeletal involvement was found in younger patients
(age <25), no significant difference was observed after strat-
ification for age groups (p =0.357).

4.4. Retroperitoneal and renal infiltration

Retroperitoneal involvement was described in more than
one third of patients with ECD and was often asymptomatic.
Of note, the frequency of pseudo “retroperitoneal fibrosis”
was significantly increased in male patients (p <0.0001),
whereas no difference was seen in terms of age distribution.
Kidney infiltration or renal obstructive impairment with con-
sequent hydronephrosis was described in 6% of the overall
population and was often associated with the presence of
retroperitoneal lesions and the X-ray appearance of “hairy
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Neuro-ECD population
A) SYMPTOMS

Diabetes insipidus 48.2%
Visual disturbances

Ataxia
Dysarthria
Paraparesis/Hemiparesis
Headache
Hypopituitarism
Psychiatric symptoms

Epilepsy

60
B) SIGNS

Exophthalmos 36.6%
Nystagmus

Babinski positivity
Tendon hyperreflexia

Dysmetria

C) NEURORADIOLOGICAL FINDINGS

Retro-orbital mass 34.6%

Axial mass

Focally increased signal intensity
Extra-axial mass

Spinal mass

White matter lesions

0 10 20 30 40

Frequency (%)

Fig. 2. Spectrum of clinical features in patients with neurological involvement.
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Table 2
Patient demographics according to the CNS involvement status.
Characteristics Cumulative With neurological Without neurological p-Value
population involvement 249 involvement 199
(55.6%) (44.4%)
Neuro-ECD vs non neuro-ECD”

Sex 0.12
Male, n (%) 277(61.8%) 163 (65.5%) 114(57.3%)
Female, n (%) 169 (37.7%) 86(34.5%) 83(41.7%)
Not reported, n (%) 2(0.5%) 2(1%)
Race 0.15
White, n (%) 50(11.6%) 25(10.5%) 25(13%)
Black, n (%) 7(1.6%) 2(0.8%) 5(2.6%)
Asian, n (%) 22(5.1%) 9(3.7%) 13(6.8%)
Not reported, n (%) 369 (81.6%) 213 (85%) 156 (77.6%)
Age at diagnosis (years) 0.002
Mean (£SD) S51(x15.1) 49 (£14.1) 53.4 (£15.9)
Median 53 51.5 54.5
Range 4-87 4-71 10-87
Age at death (years) 0.82
Mean (£SD) 554 (£12) 55(£11.8) 56.3 (£13.1)
Median 56 55 58.5
Range 26-77 26-74 35-77
Overall survival (years) 0.24
Mean (£SD) 23 (£34) 2.6 (£3.8) 1.5 (£2.1)
Median 1 1 1
Range 0-17 0-17 0-7

* p-Values computed using Mann—Whitney test, Fisher exact test or x> test, as appropriate.

kidneys”. This finding, due to the perirenal fat infiltration,
appears as an irregular renal border that is emphasized by
iodinated contrast and is useful for differential diagnosis with
idiopathic or secondary retroperitoneal fibrosis.

4.5. Lung and cardiovascular involvement

Infiltration of the lung parenchyma was reported in 18%
of patients who presented cough and dyspnea, whereas 36%
were diagnosed with cardiovascular involvement. In particu-
lar, the most frequent cardiovascular site of disease was the
thoracic and abdominal aorta, with a pattern of circumfer-
ential peri-adventitial infiltration (“coated aorta” appearance)
that may extend to main aortic branches. Heart and coro-
nary “pseudo-tumoral” infiltration as well as pleural and
pericardial involvement were reported in 11% and 9% of
the cumulative patient population, respectively. Mean age
at diagnosis of ECD in the presence of heart involvement
was 60 years, whereas no heart and/or pleuro-pericardial
involvement was described in younger patients. Notably, the
occurrence of heart involvement was significantly higher in
older patients (p =0.028).

4.6. Skin involvement

Cutaneous manifestations affected 27% of patients with
ECD. Xanthelasmas were the most commonly reported skin
lesions, while xanthoma-like papules and mucosal infiltration

of the genital area accounted for less than 1% of dermatologic
manifestations. Skin involvement was described mostly in
older patients (p =0.007).

4.7. Systemic manifestations with respect to CNS
involvement

To determine if the occurrence of the CNS involvement
is associated with a specific pattern of extra-neurological
manifestations, we compared the anatomic distribution of
ECD lesions in patients with and without neurological symp-
toms. As depicted in Fig. 3, patients harboring lesions of
the CNS displayed an increased though not significant inci-
dence of bone, cutaneous, retroperitoneal, lung and aortic
involvement. In particular, the occurrence of kidney involve-
ment (kidney infiltration and/or “hairy kidney” aspect and/or
hydronephrosis) was higher in the neuro-ECD population
(p=0.001), probably reflecting a more systemic involvement
in this group of patients. A non-significant inverse correlation
was found between heart and CNS disease localization.

4.8. Treatment

More than 72% of treated patients with ECD received
corticosteroids (Table 4), both by oral or intravenous admin-
istration. Interferon was used in almost 32% of patients, with
doses widely ranging from 3 to 9 MU x 3 per week and 120
to 200 pg per week in the non-pegylated and pegylated form,
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CS + CHT

329, CS+IS

170, —— CS+BD

15%
Others 4%

. CHT+BD
3%
Combinations 19%

with TKI
CS+CHT+IS

CS+BD+CHT
and/or IS

CS corticosteroids

CHT chemotherapeutic agent
IS immunosuppressant
BD biological drug

TKI tyrosine kinase inhibitor

Fig. 4. Treatment of ECD. Percentages of the combination medical therapies
used for ECD treatment.

due to the frequent concomitant administration of more than
one drug and to the short follow-up.

Finally, data concerning the OS were reported only in
39 patients with CNS involvement and in 18 without CNS
involvement, thus making impossible to draw any reliable
conclusion. Nevertheless, comparison of survival curves
revealed no significant difference in the prognosis of patients
with and without neurological symptoms (p =0.24).

5. Discussion

During the last decades histiocytoses have been described
as a collection of highly heterogeneous clinical manifesta-
tions connected only by a common histopathology. Despite
its rarity, ECD includes clinically variable disorders that
range from asymptomatic bone infiltration to multiorganic
diseases and its clinical course is determined by the extent
and distribution of the disease [2]. Recently, major genetic
and molecular advances including the detection of recur-
rent BRAFV®0E gain-of-function mutations in biopsies and
in peripheral blood of ECD patients [6,16], as well as the
recognition of BRAF aberrations in early myelomonocytic
precursors or in hematopoietic stem cells of patients with
Langerhans cell histiocytosis (LCH) [17], have supported the
hypothesis that histiocytoses are myeloid neoplasms.

CNS involvement has been traditionally considered an
adverse prognostic feature in various forms of myeloid
malignancies, requiring the use of both preventive and CNS-
directed therapy [18-22]. Similarly, a poorer prognosis has
been claimed for ECD patients harboring CNS lesions as
compared to those without CNS involvement [12], but no
definite evidence is currently available. However, some con-
troversy regarding the proper definition of CNS involvement
itself has been raised in recent years, with diabetes insipidus

and exophthalmos being alternatively included or not as CNS
manifestation by different Authors [3-5,23,28].

We identified 448 patients with a reliable diagnosis of
ECD. According to previous findings [4,12], CNS involve-
ment (including diabetes insipidus and exophthalmos) was
reported in 56% of the overall population and was the second
most common site of disease after bone. Of note, the presence
of neurological symptoms led to a significant anticipation of
the diagnosis, consistent with a more aggressive course of the
disease, a more accurate diagnostic work-up, or both. This
was particularly evident in our patient, in whom neurologic
symptoms dominated both the clinical presentation and the
course of the disease. Although young age, male sex, diabetes
insipidus, ataxia, weakness of lower extremities and diplopia
are common findings in ECD, the rarity of the disease hin-
dered the diagnosis and necessitated an extensive diagnostic
pathway, in which bone scan and MRI of the CNS were essen-
tial components. Based on our observation (Fig. 2C) and in
spite of the reported rarity of spinal cord involvement [23],
we propose that the spine should be routinely evaluated by
MRI when ECD is suspected.

Diabetes insipidus was one of the most common mani-
festations both at presentation [4] and during the course of
the disease. It was typically associated with thickening of the
pituitary stalk, alteration of the brightness of the hypophysis
or a neuroradiologic pattern of pituitary infiltration. A minor-
ity of patients with diabetes insipidus displayed also signs
of hypopituitarism. Replacement of the posterior pituitary by
xanthogranulomatous infiltrates is a common finding in ECD
and can lead to a decrease in the function of the anterior pitu-
itary consequent to the destruction of the hypophyseal stalk
and the compression on the hypothalamus [24].

Infections including tuberculous pachymeningitis, Whip-
ple’s disease, pituitary abscess, coccidioidomycosis and
aspergillosis; vasculitis such as Wegener’s granulomatosis,
Takayasu’s arteritis, neurosarcoidosis, Cogan’s syndrome
and lymphocytic hypophysitis; or expansive/infiltrative pro-
cesses such as Langerhans cell histiocytosis, germinoma,
amyloidosis and hemochromatosis can present with diabetes
insipidus in the presence of a sellar mass and should therefore
be considered in the differential diagnosis [25,26]. Since dia-
betes insipidus is an early manifestation [4], a high level of
diagnostic suspicion and a thorough neurological evaluation
isrequired. We found a clear-cut correlation between diabetes
insipidus and extra-pituitary CNS involvement. Moreover,
based on its high specificity for brain ECD lesions [27],
PET scanning should be considered for the initial assess-
ment and follow-up of ECD patients displaying pituitary
involvement (Fig. 1C). Visual disturbances and unilateral or
bilateral exophthalmos were found in 20% of the cumulative
patient population and were mostly related to retro-orbital
masses or lesions compressing the optic nerve or the optic
chiasm. Cerebral and cerebellar lesions caused pyramidal and
extrapyramidal syndromes, respectively, but signs of intracra-
nial hypertension were rarely reported, suggesting that CNS
lesions in ECD patients are slowly progressive.
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We confirmed the distinction in the infiltrative, meningeal
and composite patterns of neuroradiological involvement
proposed in 2006 [13]. However, although we recognized
axial lesions and widespread cerebral hyperintensity as
the most common neuroradiological findings, the overall
meningeal involvement was underrepresented as compared
with previous reports [ 13,28]. Since a multifocal involvement
of CNS and orbits was a frequent event, we propose that pitu-
itary involvement, retro-orbital masses and infiltrative axial
lesions be considered a neuroradiologic triad strongly sug-
gestive of ECD, at least in the presence of a positive bone
scan or osteosclerosis of the facial sinus walls [28].

Bone involvement was the most common manifestation,
being documented in up to 74% of patients. It was more
common in young patients and was often associated with
bone pain. Retroperitoneum was involved in 36% of the
ECD population, with a frequency significantly higher in
males. Similar data have been reported for Ormond’s dis-
ease [29], suggesting that sex-related factors play a role in
the pathogenesis of the retroperitoneal involvement. Cuta-
neous manifestations, primarily including xanthelasmas and
xanthoma-like papules, were documented in 27% of patients,
and their frequency significantly increased with age. Cardio-
vascular infiltration was diagnosed in 36% of patients, but
was restricted to patients older than 25. Moreover, age at
diagnosis of heart involvement was significantly higher than
in the overall ECD patient population, indicating that the car-
diovascular involvement is a late complication of ECD [30].
Of note, patients with neurological involvement showed a
strikingly increased incidence of renal infiltration. Overall,
our findings are in agreement with those reported in large
series [2]. Selection bias and lack of extensive diagnostic
work-up in a portion of the patient population may account
for the low frequency of the “pseudo-tumoral” infiltration of
the right atrium as well as the “hairy kidney” aspect (9%
and 6% vs 30% and 68% in our analysis and in other studies
[2,31], respectively).

Systemic manifestations of ECD were peculiar and their
radiological appearance made the diagnosis rather easy. The
symmetric bilateral osteosclerosis of the metaphysis and dia-
physis of long bones (74%), the sheathing of the whole
thoraco-abdominal aorta called “coated aorta” (16%) and the
perirenal fascia infiltration taking the appearance of “hairy
kidneys” (6%) are highly suggestive features of the disease.

For decades, corticosteroids, cytotoxic agents such as
vinca alkaloids and immunosuppressive agents including
cyclophosphamide, methotrexate and azathioprine, repre-
sented the therapeutic milestone for ECD patients. More
recently, IFN-based therapy has emerged as a reliable option
for ECD patients. Response to IFN-a is the only major treat-
ment predictor of survival, in particular in patients with CN'S
involvement [ 12,32]. A reliable assessment of the efficacy of
the above mentioned treatments was hampered by the con-
comitant administration of different drugs, lack of dosage
information (in particular for IFN-a) and the small number
of patients.

Inhibition of BRAF activation by Vemurafenib is a highly
promising treatment, in particular for its ability to over-
come the blood brain barrier [9]. In spite of the small
size and the short follow-up of the case series described,
dramatic responses were recorded after a few weeks of
treatment, emphasizing the pivotal role of BRAF mutation
in this disease. Mutations of BRAF result in a conforma-
tional change of a serine/threonine-protein kinase that leads
to a chronic activation of RAS-RAF-MEK-ERK pathway
and, therefore, to accelerated proliferation and survival of
cells [33]. The oncogenic activity of BRAF mutations has
been extensively documented in several neoplasms, tradition-
ally including melanoma [34] and hematologic malignancies
such as extra-osseous multiple myeloma [35] as well as the
oncogene-induced senescence (OIS), a protective physiolog-
ical process based on the activation of both p16 and p21
against the oncogenic transformation due to a cell cycle
derangement [36,37]. In OIS, senescent cells activate a
proinflammatory response, known as senescence-associated
secretory phenotype (SASP) [38] that appears similar to the
ECD inflammatory status, thus supporting the pathogenetic
interpretation of ECD as a full-blown chronic inflammatory
disease [16]. Intriguingly, the recent discovery of additional
NRAS mutations in ECD [39-41] strongly suggests that the
entire RAS-RAF-MEK-ERK pathway plays a pathogenic role
in histiocytosis, thus raising interest in dual BRAF/MEK
inhibition. Innovative non-invasive tools evaluating BRAF
mutations in urine and plasma cell-free DNA have pro-
vived excellent reliability in the diagnosis and follow-up of
patients with histiocytic disorders [42] to predict outcomes
and response to targeted treatments.

Improved understanding of the pathogenetic mechanisms
underlying ECD will lead to the development of more effec-
tive targeted therapies, while an accurate stratification of
patients based on their neurologic involvement will help cli-
nicians to maximize benefits of novel molecular targeting for
therapy.
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