
Histiocytosis is a group of rare disorders of unknown etiology
characterizedbyproliferationandaccumulationofhistiocytes
[1]. Histiocytosis is subclassified as Langerhans cell histiocyto-
sis (LCH) and non-LCH. Non-LCH includes Rosai-Dorfman dis-
ease,Erdheim-Chesterdisease (ECD), interdigitatingdendritic
cell sarcoma, and histiocytic sarcomas [2]. Both LCH and ECD
are caused by accumulation and proliferation of histiocytic
cells, but each entity has distinct clinical and pathological fea-
tures, although rarely both diseases can coexist [3, 4]. LCH is
associated with accumulation of dendritic cells and typically
presents in children, but less often in adults,with an incidence
of nine cases per million per year. ECD is a disease of adults,
which is associated with xanthogranulomatous infiltration of
foamy macrophages. Only about 500 cases have been re-
ported in the literature to date [3, 5]. It remains unclear
whether LCH and ECD are neoplastic or reactive, but in many
patients they behave like neoplasms. Advances in genome se-
quencing technologies led to the identificationofBRAFV600E
mutations in 57% (35 of 61) of patients with LCH and 54% (13
of 24) of patients with ECD [6, 7].

Both LCH and ECD can vary in clinical presentation and
prognosis depending on the extent of disease and organ in-
volvement [8].Therapeuticoptions includesurgery, radiation,
vinblastine, prednisone, 6-mercaptopurine, cladribine, and
cytarabine for LCH and corticosteroids, vinca alkaloids, an-
thracyclines, cladribine, interferon-�, anakinra, imatinib, and,
most recently, infliximab for ECD [3, 5, 8–18]. Whereas the
treatmentofLCHhasbeendefinedbasedontheresultsofpro-
spective studies, including randomized trials, ECD is currently
treatedonthebasisof informationfrompublishedcaseseries,
mostly from Europe andNorth America [8–21].

Yin et al. [22] are to be commended for presenting a pa-
tient with simultaneous LCH (Hand-Schuller-Christian dis-
ease) and ECD and their subsequent retrospective review of
an additional 54 patients with LCH and six patients with ECD
treated in a single tertiary referral center in China. The coexis-
tence of these two entities is consistentwith other previously
published reports [4]. The patient presented by Yin et al. [22]
had a relatively typical disease course over several years (cur-
rently 14 years from diagnosis), with symptoms including
central diabetes insipidus, hyperprolactinemia, bone involve-
ment, exophthalmus, and underactive thyroid. The patient
had a favorable response to external-beam radiation therapy
andsystemic therapywith interferon-�. In theiranalysisof the
54 patients with LCH (eosinophilic granuloma, n � 49; Hand-

Schuller-Christian disease, n � 5) and six patients with ECD,
they [22] demonstrated that all 35 patients with unifocal eo-
sinophilic granulomawerecuredwith surgery, andall patients
with multifocal eosinophilic granuloma, Hand-Schuller-Chris-
tian disease, or ECD were alive, except for one woman who
died fromunspecified toxicity of chemotherapy.

As mentioned, there is some agreement on how LCH
should bemanaged; however, the treatment of patients with
ECD remains empiric, based on evidence from case reports
and case series [8–21]. The rarity of this entitymakes the fea-
sibility of conducting a prospective trial challenging [5]. Tradi-
tionally, patients with ECD were deemed to have a poor
prognosis, andmostpatients succumbedtothediseasewithin
3 years. In contrast, our experience suggests that, given the
newer therapeuticoptions, including,butnot limitedto, inter-
feron-�, imatinib, anakinra, and infliximab, patients can do
well fora longperiodof time[8,9,12–14,16,17,23].Theseob-
servations are consistentwith theexperienceof Yin et al. [22],
and it is also known that interferon-� is associatedwith a lon-
ger survival time than in historical controls [8]. The individual
prognosis depends on the degree of organ involvement, infil-
tration of the central nervous system (CNS) or infiltration of
critical visceral organs, and treatment, which can affect out-
come [8]. A recent retrospective analysis of 53 patients
treated in western European countries and Israel demon-
strated 1-year and 5-year survival rates of 96% and 68%, re-
spectively, which is in line with our experience [8, 9, 12].
Factors selectedonmultivariateanalysis thatpredictedapoor
survival outcome included CNS involvement and not being
treated with interferon-� [8]. There is no systemic therapy
that has been approved by regulatory agencies, and the avail-
able treatmentsaredeemedtobenotcurative;however, they
can lead to disease regression accompanied by symptom im-
provement and, at least for interferon, perhaps even to a lon-
ger survival duration. Despite the absence of randomized
trials, our treatment options have nevertheless expanded
substantially within the last several years. Interferon-� is of-
ten used as a frontline therapy for ECD [5, 8, 12]. Unfortu-
nately, patients with ECD can have a poor tolerance to classic
doses of interferon-�, such as three million units s.c. three
times per week, although doses of onemillion units s.c. three
times per week are usually well tolerated and, in our experi-
ence, are effective in about half the patients treated [12]. In-
terferon-� can be replaced by its pegylated form, which is
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more costly but has a more convenient weekly dosing sched-
ule [14].

Anecdotal reports have also demonstrated therapeutic
responseswith theBCR-ABL, KIT, andplatelet-derived growth
factor receptor tyrosine kinase inhibitor imatinib [9, 13, 24–
26]. It has been hypothesized that imatinib can inhibit CD34�

peripheral bloodprogenitor cells fromdifferentiating intohis-
tiocytes; however, beyond that the mechanistic explanation
for the activity of imatinib remains unclear [27]. Because nat-
ural interleukin-1 receptor antagonist synthesis is induced af-
ter stimulation by interferon-�, anakinra, a recombinant
human interleukin-1 receptor antagonist approved for rheu-
matoidarthritis inEuropeandtheU.S.,wasanecdotally tested
in ECD patients, with encouraging results reported by several
investigators [15, 18]. Anakinramimics the function of a natu-
ral inhibitor of interleukin-1 receptor and is well tolerated,
with immunosuppression and injection site tenderness being
among its very few side effects. Therefore, anakinra can be a
reasonable alternative for patientswhocannot tolerate inter-
feron-�orwhoareat risk for sufferingdeleterious sideeffects
frominterferon.The latestpotential addition to the therapeu-
tic armamentarium for ECD is the tumor necrosis factor
(TNF)-� antibody infliximab [17]. In ECD patients, TNF-� is
deemed to regulate the recruitment of histiocytes, and thus,
its blockade can lead to disease control. To date, two patients
with severe cardiovascular complicationsof ECDwere treated
with infliximab in a single institution setting and both showed
improvement, with resolution of pericardial effusion and in-
creased cardiac function [17].

Recently,BRAFV600Emutationswere found in 57% (35of
61) and 38% (11 of 29) of patients with LCH and in 54% (13 of
24) of patients with ECD [6, 7, 28]. This mutation predicts a
positive response to BRAF kinase inhibitors in patients with
advancedmelanoma [29, 30]. Recently, we showed that a pa-
tientwith hairy cell leukemia and aBRAFmutation achieved a
remarkable response after only 3weeks of the BRAF inhibitor
vemurafenib [31]. However, treatment of patients with LCH
and ECDwith BRAFmutations has not been reported.

Despite many therapeutic advances, LCH and ECD remain
difficult to eradicate. The arrival of new genotyping technolo-
gies, such as next-generation sequencing, has the potential to
further explicate the molecular background of these disor-
ders. Furthermore, the heterogeneity of these diseases may
have biologic and therapeutic implications. It is known that
LCH and ECD can coexist, and Yin et al. [22] reported simulta-
neously occurring Hand-Schuller-Christian disease and ECD.
Furthermore, they also described potentially important clini-
cal characteristics to differentiate these entities. Diabetes in-
sipidus and pituitary stalk thickening point to Hand-Schuller-
Christian disease; however, diabetes insipidus can also be
found inECDandosteosclerosismayalso supportanECDdiag-
nosis. The advent of advanced molecular technologies may
help determine if specificmolecular aberrations can differen-
tiate these entities and predict therapeutic response.
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