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Established Facts

« Rare cases of Erdheim-Chester disease in the pediatric and young adult populations.

Novel Insights

« Two new cases of Erdheim-Chester disease with singular clinical presentation and review of the

literature.
Keywords Abstract
Pediatric neurosurgery - Pediatric population - Central Introduction: Erdheim-Chester disease (ECD) is a rare
nervous system histiocytic neoplasm that affects patients, predominantly
males aged 40-70 years, with very heterogeneous clinical
presentation and prognosis. In 2020, Goyal et al. proposed
consensus recommendations for the management of
patients with ECD, remarking on the exceptional
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presentation of the disease in the pediatric population.
Case Presentation: The first patient, a 20-year-old male,
underwent cervical laminectomy and partial removal of a
cervical spine lesion, initially apparently consistent with
cervical schwannomas. The second patient, a 9-year-old
female, received surgery for an extra-axial lesion of the
greater sphenoid wing, radiologically consistent with a
meningioma. Conclusion: At present, 15 pediatric cases
have been reported in the literature with involvement of
the central nervous system, with no consensus on the
diagnostic and therapeutic management, as Pegoraro
et al. evidenced in their pediatric multicenter case series.
The present article adds two new cases of ECD with onset
in childhood and young adulthood, who received the
diagnosis after neurosurgical procedures.

© 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Erdheim-Chester disease (ECD) is a rare multisystem
disease, classified by the WHO as a neoplasm of the
myeloid lineage with chronic and uncontrolled inflam-
mation [1]. Histiocyte infiltration induces fibrosis in
affected tissues, leading to organ failures in some cases. In
some patients, ECD has an indolent course, while in
others may affect multiple organs, including the central
nervous system (CNS), long bones, retroperitoneum,
heart, large vessels, and lungs [2, 3].

ECD typically affects adults in the sixth decade of life
and is exceptional in children [4-14]. Herein, we report
two cases of juvenile ECD with CNS involvement that
have required neurosurgical management.

Case Series

Case 1

The first patient is a 20-year-old male who showed good clinical
conditions, except for thrombocythemia, until 16 years of age. His
family history was positive for rheumatological diseases as his brother
was affected by sacroiliitis and spondyloarthritis (in treatment with
nonsteroidal anti-inflammatory drugs). In October 2019, at 17 years of
age, he started complaining of migrating pain along legs and arms,
followed by persistent diplopia 2 months later. Magnetic resonance
imaging (MRI) of the brain revealed the presence of a brain tumor of
the pineal region, which was biopsied in March 2020. Histological
evaluation was consistent with pilocytic astrocytoma (Fig. 1).

The migrating pains regressed along with the steroid treatment
but abruptly reemerged after the medical therapy was stopped, with
more severe symptoms affecting the joints of the ankles, knees, and
wrists. Further rheumatological investigations documented the
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Fig. 1. Sagittal T1 post-contrast MRI scan showing a neoplasm of
the pineal region. Histological evaluation was consistent with
pilocytic astrocytoma.

presence of active spondyloarthritis with axial and peripheral in-
volvement. Muscle biopsy and electromyography studies evidenced
axonal sensitive polyneuropathy and iatrogenic myopathy, sec-
ondary to glucocorticoids. The bone density scan documented
osteopenia (glucocorticoid-related), which was treated with oral
vitamin D. Following the development of thrombocytopenia and the
persistence of migrating pains, the patient underwent a bone
marrow biopsy, which did not show any abnormalities.

The migrating pain started to get worse from the beginning of
2022, especially affecting the right side of the body. A whole-body
(WB) positron emission tomography (PET) scan was performed in
April 2022, which showed a highly metabolic disease. Of note,
FDG uptake was detected in the pineal gland, which was not
consistent with the previous diagnosis of pilocytic astrocytoma.
Therefore, an MRI of the brain and the spine was performed,
which excluded the growth of the pineal gland neoplasm. How-
ever, a thickening of the cervical nerve roots (left-sided on C1 and
bilateral from C5 to D1) was detected, involving the intradural
components and showing areas of nodular impregnation that
marked the medullary cord (Fig. 2). These findings were consistent
with bilateral schwannomas. Therefore, a surgical procedure was
recommended, aiming to decompress the spinal cord and get the
histology of the lesions. The patient underwent a C6-C7 lam-
inectomy and a subtotal exeresis of the lesions. The post-operatory
course was unremarkable, except for left-arm hypoesthesia,
and the myeloid-radicular pain progressively decreased. The
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Fig. 2. Sagittal T2 MRI scan showing areas of nodular impregnation that marked the cervical medullary
cord, especially at the level of the 6th cervical vertebra and a WB PET-FDG showing a highly metabolic
systemic disease. Histopathology: ECD disease.

Fig. 3. Axial T1 post-contrast brain MRI scan documenting a slight
reduction in the size of the pineal lesion.

Rare Onset of Erdheim-Chester Disease in
Children and Young Adults

histological evaluation revealed ECD (CD68+, CD14+, S100-,
CDla-, CD207- histiocytic infiltrate; BRAFV600E—; no emper-
ipolesis). Considering the diffused bone involvement shown in the
PET scan, a bone marrow biopsy was performed, with evidence of
infiltration by histiocytes with the abovementioned immunohis-
tochemical features. Therefore, considering the systemic in-
volvement of the disease, the patient received everolimus (7 mg/
die), with significant improvement in his clinical condition. In-
terestingly, the last brain MRI scan (Fig. 3) documented a slight
reduction in the size of the pineal lesion, which confirmed the first
histology wrong, probably due to its mistargeting during surgery.

Case 2

The second patient is a 9-year-old girl who was diagnosed with
hemophagocytic lymphohistiocytosis in 2017 at the age of 4 years,
after the appearance of recurrent otitis, left otomastoiditis, persistent
fever, anemia, and thrombocytopenia. In March 2018, she was
evaluated for diabetes insipidus and growth hormone (GH) deficiency
and received hormone replacement therapy with desmopressin
(Minirin/dDAVP, 15 mg in the morning and afternoon and 30 mg at
evening) and GH (Humatrope/Somatropine 12 mg 0.55 UI once a
day). Brain MRI showed thickening of the pituitary stalk and multiple
lesions involving the left periorbital space and the left infratemporal
fossa. A biopsy of the periorbital mass and a concomitant bone
marrow biopsy were consistent with LCH (CD1a+, BRAFV600E+).
The patient received chemotherapy according to the LCH-IV pro-
tocol (stratum I) and desmopressin for central diabetes insipidus and
initially responded to therapy. However, in September 2019, the
patient presented an asymptomatic multisystemic LCH reactivation
and consequently received a second-line chemotherapy treatment
(LCH 1V, stratum II) to achieve disease stabilization. In a follow-up
WB MRI performed in August 2019, a sleeve epidural lesion with
contrast uptake appeared at the cone-cauda level (Fig. 4). Considering
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Fig. 4. Sagittal T2 and T1 MRI scan with a
sleeve epidural lesion at the cone-cauda
level.

the persistence of the lesion over the follow-up evaluations and its
localization, atypical for LCH, in November 2020, the patient un-
derwent an S4-S5 laminectomy and a lesion biopsy. On histological
examination, a fibro-adipose tissue with inflammatory infiltrated rich
in macrophages (CD68+) was found, while all LCH markers proved
negative. In April 2022, a follow-up WB-MRI detected an intracranial
extra-axial lesion with dural implantation on the left greater sphenoid
wing, ie., planum temporalis, the site where faded extra-axial en-
hancement was previously shown (Fig. 5). Therefore, in May 2022, the
patient received a left frontotemporal craniotomy with radical re-
section of the lesion (Fig. 6). The post-operatory course was normal.
The histological evaluation showed ECD (CD68+, CD14+, FXIII+,
CDla-, S100—, BRAFV600E+). Considering the slow disease pro-
gression, treatment with pegylated alpha interferon (90 pg, once a
week) was introduced. At the last follow-up, no signs of active disease
were found. Therefore, she currently continues her treatment with
pegylated alpha.

Discussion

The present report provides two new cases of ECD
undergoing neurosurgical procedures. Less than 1,000
cases of ECD are reported in the literature, the majority of
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them diagnosed with ages between 40 and 70 years, and
approximately 60% affects men [2, 3, 15].

The most frequent causes of death in patients with
ECD derive from respiratory distress, pulmonary fi-
brosis, and heart failure. Blood count abnormalities are
frequent, with anemia and a high neutrophil count,
usually secondary to systemic inflammation. These
findings were observed in both our patient cases. Ac-
cording to Cives et al. [3], cerebellar and pyramidal
syndromes are some of the most frequent neurological
signs in ECD patients. Other described features in-
cluded not only seizures, headaches, neuropsychiatric
signs or cognitive impairment, sensory disturbances,
and cranial nerve paralysis but also exophthalmos, gaze
disturbances, diabetes insipidus, and focal mass lesion-
related radiculopathies [3]. CNS lesions are directly
responsible for one-third of all deaths. In their cohort
of patients, diabetes insipidus was associated with the
thickening of the pituitary stalk and alteration of the
brightness of the hypophysis or pituitary infiltration in
12%, 6%, and 3% of patients, respectively [3]. In a
systematic literature review of ECD cases with
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Fig. 5. Axial post-contrast MRI scan before surgery of removal of
an intracranial extra-axial lesion with dural implantation located
in the left temporo-polar region.

neurological involvement, Haque et al. [16] noticed
that the most common neurological symptoms were
cranial neuropathies and ataxia. Moreover, they no-
ticed that 50% of patients had parenchymal lesions
involving the cerebral hemispheres, pituitary gland, or
hypothalamus; 35% had brainstem lesions, and 25%
cerebellar involvement, 17.5% dural involvement, and
10% dural as well as parenchymal lesions were found on
MRI. According to neuroradiological findings, Lache-
nal et al. [17] reported three different types of CNS
involvement: an infiltrative pattern in 44% of cases,
with widespread nodules or masses in the brainstem,
cerebellum, and cerebral hemispheres; a meningeal
pattern forming meningioma-like tumors or nodular
thickening of the dura mater (37%); a composite
pattern with both types of lesions (19%). The neuro-
logical examination of our first patient initially showed
persistent diplopia, as well as diabetes insipidus and
GH deficiency, which were observed also in our second
patient. Concerning radiological findings, on MRI scan,

Rare Onset of Erdheim-Chester Disease in
Children and Young Adults

Fig. 6. Axial post-contrast MRI scan after surgery of removal of an
intracranial extra-axial lesion with dural implantation located in
the left temporo-polar region.

the first patient presented with a thickening of the
cervical nerve roots (left-sided on C1 and bilateral from
C5 to D1) (Fig. 2), involving the intradural components
and showing areas of nodular impregnation that
marked the medullary cord; he also underwent a biopsy
of a pineal region lesion previously, pilocytic astro-
cytoma on histology, finding being not completely
compatible with PET FDG uptake of the pineal gland.
The second patient showed an intracranial extra-axial
lesion with dural implantation on the left greater
sphenoid wing (Fig. 5). Histological ECD hallmarks
include the presence of CD68-positive and CDla-
negative lipid-laden histiocytes with small nuclei,
Touton-like multinucleated giant cells, scanty lym-
phocytic infiltrate, tissue eosinophilia, and marked fi-
brosis. In 2012, progress in molecular techniques led to
the discovery of recurrent BRAFV600E mutation in
histiocytes from ECD lesions [15, 18], and therapies
targeting BRAF, such as vemurafenib, a specific BRAF
inhibitor, were developed subsequently. Other
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therapies include MEK inhibitors (trametinib, cobi-
metinib), immunotherapy (interferon), imatinib, and
mTOR inhibitors. Almost no disease progression has
been observed under these regimens [2]. In selected
cases, surgical debulking is required, for both the
neurosurgical indications and the necessity of con-
firming the diagnosis [19-21], as happened in the 2
patient cases described previously. Indeed, our first
patient with a 3-year history of migrant arthralgias
presented at the last MRI scan a thickening of the
cervical nerve roots and areas of nodular impregnation
that marked the medullary cord, especially the C6-C7
level of the medullary cord, so a cervical laminectomy
and subtotal exeresis of the lesions encountered were
necessary to obtain decompression of the spinal cord
and to obtain the lesion histology. In our second case,
who had previously received the diagnosis of Langer-
hans cell histiocytosis, the MRI brain scan revealed the
presence of an extra-axial lesion in the left temporo-
polar region, with dural implantation. Therefore, the
patient received a left frontotemporal craniotomy with
radical resection of the lesion. Histology was indicative
of ECD. Differential diagnoses include infections,
primary or metastatic CNS tumors, multiple sclerosis,
granulomatous disease, and histiocytic tumors, from
which differential diagnosis could be difficult. In ad-
dition to the nonspecific symptoms, the biopsy is not
always diagnostic. Interestingly, in our first patient, the
first bone marrow biopsy was proved negative, while
the one realized after the cervical spine surgery was
diagnostic of ECD. In our second patient, the surgery of
sacral laminectomy and the lesion biopsy realized at the
cone-cauda level was not diagnostic. In 2020, Goyal
et al. [2] proposed consensus recommendations for the
management of patients with ECD, remarking on the
exceptional presentation in the pediatric population.
ECD is exceptionally described in children and ado-
lescents [4-14, 22-26], with 15 pediatric cases with
involvement of the CNS currently described in the
literature (Table 1) and no shared guidelines for the
management of these patients. In these patients,
some common findings were a deficiency of the
hypothalamic/pituitary axis [9, 13, 24], involvement of
the cranial nerves [8, 23, 25], and thickening of the
meninges [5, 23], as well as radiological findings of
meningioma-like lesions, as the second case described
in this article. In addition, no disease activity score has
yet reached a consensus. The typical appearance on
X-ray is bilateral and symmetrical osteosclerosis af-
fecting the meta-diaphyseal region of the long bones,
especially at the knee (distal femur/proximal tibia). Its
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features include frequent involvement of the CNS, like
in both of our two cases and frequent findings of mixed
histiocytosis. That was the case of our second patient,
whose initial diagnosis was Langerhans cell histiocy-
tosis. The treatments adopted in the pediatric pop-
ulation are heterogeneous [6] and include, with good
efficacy, IFN-a, vemurafenib, and chemotherapy (with
schemes derived from those for LCH). In this case
report, the first patient received everolimus (7 mg once
a day), considering the systemic involvement, with
significant improvement of his clinical condition,
while the second one, considering the slow disease
progression, received treatment with pegylated alpha
interferon (180 pg, half vial once a week). During
everolimus administration, pain significantly im-
proved with less painkiller administration. Surpris-
ingly, the pineal lesion showed an initial mass
shrinkage in the last MRI, which probably confirmed
the first histology wrong, probably due to its mis-
targeting during surgery.

Conclusion

The two cases described offer a picture of ECD
manifestation in children and young adults, whose
presentation is characterized by the involvement of the
CNS and the association with other histiocytosis. Both
cases received the histological diagnosis after a neuro-
surgical procedure. The first case received the diagnosis
after a cervical spine biopsy and the second case after the
excision of an extra-axial temporal lobe lesion. The
pediatric population is exceptionally affected by ECD
disease, so its documentation is often anecdotal. In
addition, a uniform consensus for the diagnostic and
therapeutic management of these patients has not yet
been reached.

Statement of Ethics

The manuscript was reviewed and approved by the Pediatric
Ethics Committee (Tuscany region), in the session of April 26,
2023. Written informed consent was obtained from legal guardians
for publication of the details of their medical case and any ac-
companying images. No vulnerable patients have been included in
this case series.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Romano et al.

%20z AeN L1 uo Jasn azualld 1pMIS Alun Ad Jpd'8685£5000/.269221/SE/1/6G/4Pd-ajoNe/eud/Wwoo 1abley//:dpy woly papeojumoq


https://doi.org/10.1159/000535898

Funding Sources

The authors did not receive support from any organization for

the submitted work.

—

Author Contributions

Carmine Romano: conceptualization, investigation, and writ-
ing of the original draft. Francesco Pegoraro, Matteo Lenge, and
Chiara Spezzani: editing. Augusto Vaglio, Elena Sieni, Ilaria Fotzi,

References

Swerdlow SH, Campo E, Harris NL, et al. WHO
classification of tumours of haematopoietic and
lymphoid tissues. Lyon, France: International
Agency for Research on Cancer; 2017.

Goyal G, Heaney ML, Collin M, Cohen-
Aubart F, Vaglio A, Durham BH, et al
Erdheim-Chester disease: consensus recom-
mendations for evaluation, diagnosis, and
treatment in the molecular era. Blood. 2020;
135(22):1929-45.

Cives M, Simone V, Rizzo FM, Dicuonzo F,
Cristallo Lacalamita M, Ingravallo G, et al.
Erdheim-Chester disease: a systematic re-
view. Crit Rev Oncol Hematol. 2015;95:1-11.
Tran T-A, Fabre M, Pariente D, Craiu I,
Haroche J, Charlotte F, et al. Erdheim-
Chester disease in childhood: a challenging
diagnosis and treatment. ] Pediatr Hematol
Oncol. 2009;31(10):782-6.

Kim S, Lee M, Shin HJ, Lee J, Suh Y. Co-
existence of intracranial Langerhans cell
histiocytosis and Erdheim-Chester disease in
a pediatric patient: a case report. Childs Nerv
Syst. 2016;32(5):893-6.

Pegoraro F, Gelain E, Gaspari S, Donadieu J,
EmileSieni JE, Haroche J, et al. Pediatric erdheim-
chester disease in the molecular era: a multicenter
case series. Blood. 2021;138(Suppl 1):4194.
Gupta AK, M AW, Meena JP, ArunRaj ST,
Mridha A, Naranje P, et al. A rare presen-
tation of Erdheim Chester disease in a pe-
diatric patient subsequently cured on the
LCH III protocol. Rep Hob. 2021;4(1):e1304.
Song SY, Lee SW, Ryu K, Sung SH. Erdheim-
Chester disease with multisystem involve-
ment in a 4-year-old. Pediatr Radiol. 2012;
42(5):632-5.

Ozdemir MA, Coskun A, Torun YA, Canoz O,
KurtsoyPatiroglu AT, Patiroglu T. Cerebral
Erdheim-Chester disease: first report of child
with slowly progressive cerebellar syndrome.
J Neuro Oncol. 2007;29(4);p227-230.

Rare Onset of Erdheim-Chester Disease in
Children and Young Adults

10

11

12

13

14

15

16

17

18

Andrea Di Rita, Simone Peraio, Alice Noris, Carla Gaggiano, and
Salvatore Grosso: supervision. Flavio Giordano: conceptualization,

supervision, and critical revision of the manuscript.

Data Availability Statement

author.

Clerico A, Ragni G, Cappelli C, Schiavetti A,
Gonfiantini M, Uccini S. Erdheim-chester

No datasets were generated or analyzed for the current case
report. Further inquiries can be directed to the corresponding

lecularly characterized cohort. Mod Pathol.
2018;31(4):581-97.

disease in a child. Wiley-Liss, Inc; 2003. 19 Alfieri A, Gazzeri R, Galarza M, Neroni M.
Nagatsuka H, Han PP, Taguchi K, Tsujigiwa H, Surgical treatment of intracranial Erdheim-
Gunduz M, Fukunaga J, et al. Erdheim-Chester Chester disease. ] Clin Neurosci. 2010;17(12):
disease in a child presenting with multiple jaw 1489-92.
lesions. J Oral Pathol Med. 2005;34(7):420-2. 20 Tzoulis C, Gjerde IO, Seofteland E, Neck-
Joo CU, Go YS, Kim IH, Kim CS, Lee SY. elmann G, Strem E, Vintermyr OK, et al.
Erdheim-Chester disease in a child with MR Erdheim-Chester disease presenting with an
imaging showing regression of marrow intramedullary spinal cord lesion. ] Neurol.
changes. Skeletal Radiol. 2005;34(5):299-302. 2012;259(10):2240-2.
Globerman H, Burstein S, Girardina PJ, 21 Jeon I, Choi JH. Isolated thoracic intra-
Winchester P, Frankel S. A xanthogranu- medullary Erdheim-Chester disease pre-
lomatous histiocytosis in a child presenting senting with paraplegia: a case report and
with short stature. Am ] Pediatr Hematol literature review. BMC Musculoskelet Dis-
Oncol. 1991;13(1):42-6. ord. 2021;22(1):270.
Hervier B, Haroche J, Arnaud L, Charlotte F, 22 Diamond EL, Abdel-Wahab O, Durham BH,
Donadieu J, Néel A, et al. Association of both Dogan A, Ozkaya N, Brody L, et al. Anakinra
Langerhans cell histiocytosis and Erdheim- as efficacious therapy for 2 cases of intra-
Chester disease linked to the BRAFV600E cranial Erdheim-Chester disease. Blood.
mutation. Blood. 2014;124(7):1119-26. 2016;128(14):1896-8.
Haroche J, Charlotte F, Arnaud L, von De- 23 Krishna V, Harvey James TEL, Chang K, Yen
imling A, Hélias-Rodzewicz Z, Hervier B, SS. Erdheim-Chester disease with rare ra-
et al. High prevalence of BRAF V600E mu- diological features in a 14-year old girl with
tations in Erdheim-Chester disease but not in pre-B Acute Lymphocytic Leukemia and
other non-Langerhans cell histiocytoses. Diabetes mellitus. ] Radiol Case Rep. 2014;
Blood. 2012;120(13):2700-3. 8(8):7-15.
Haque A, Pérez CA, Reddy TA, Gupta RK. 24 White TV, Silvester NC, Otero H]J. Pediatr non-
Erdheim—chester disease with isolated CNS sclerotic bone involvement in erdheim-chester:
involvement: a systematic review of the lit- PET/CT and MRI findings in a 15-year-old boy.
erature. Neurol Int. 2022;14(3):716-26. Pediatr Radiol. 2016;46(9):1345-9.
Lachenal F, Cotton F, Desmurs-Clavel H, 25 Alimohamadi M, Hartmann C, Paterno V,
Haroche J, Taillia H, Magy N, et al. Neu- Samii M. Erdheim-Chester disease mimick-
rological manifestations and neuroradio- ing an intracranial trigeminal schwannoma:
logical presentation of Erdheim-Chester case report. ] Neurosurg Pediatr. 2015;15(5):
disease: report of 6 cases and systematic 493-8.
review of the literature. ] Neurol. 2006; 26 Hao X, Feng R, Bi Y, Liu Y, Li C, Lu T, et al.
253(10):1267-77. Dramatic efficacy of dabrafenib in Erdheim-
Ozkaya N, Rosenblum MK, Durham BH, Chester disease (ECD): a pediatric patient with
Pichardo JD, Abdel- Wahab O, Hameed MR, multiple large intracranial ECD lesions hidden
et al. The histopathology of Erdheim-Chester by refractory Langerhans cell histiocytosis.
disease: a comprehensive review of a mo- ] Neurosurg Pediatr. 2018;23(1):48-53.
Pediatr Neurosurg 2024;59:35-43 43

DOI: 10.1159/000535898

%20z AeN L1 uo Jasn azualld 1pMIS Alun Ad Jpd'8685£5000/.269221/SE/1/6G/4Pd-ajoNe/eud/Wwoo 1abley//:dpy woly papeojumoq


https://doi.org/10.1182/blood.2019003507
https://doi.org/10.1016/j.critrevonc.2015.02.004
https://doi.org/10.1097/MPH.0b013e3181b76827
https://doi.org/10.1097/MPH.0b013e3181b76827
https://doi.org/10.1007/s00381-015-2929-6
https://doi.org/10.1007/s00381-015-2929-6
https://doi.org/10.1182/blood-2021-150140
https://doi.org/10.1002/cnr2.1304
https://doi.org/10.1007/s00247-011-2235-8
https://doi.org/10.1007/s11060-006-9323-x
https://doi.org/10.1111/j.1600-0714.2005.00320.x
https://doi.org/10.1007/s00256-004-0846-y
https://doi.org/10.1097/00043426-199121000-00010
https://doi.org/10.1097/00043426-199121000-00010
https://doi.org/10.1182/blood-2013-12-543793
https://doi.org/10.1182/blood-2012-05-430140
https://doi.org/10.3390/neurolint14030060
https://doi.org/10.1007/s00415-006-0160-9
https://doi.org/10.1038/modpathol.2017.160
https://doi.org/10.1016/j.jocn.2010.03.062
https://doi.org/10.1007/s00415-012-6544-0
https://doi.org/10.1186/s12891-021-04061-7
https://doi.org/10.1186/s12891-021-04061-7
https://doi.org/10.1182/blood-2016-06-725143
https://doi.org/10.3941/jrcr.v8i8.1899
https://doi.org/10.1007/s00247-016-3594-y
https://doi.org/10.3171/2018.6.peds17728
https://doi.org/10.1159/000535898

	Rare Onset of Erdheim-Chester Disease in Children and Young Adults: A Case Series and Review of the Literature
	Introduction
	Case Series
	Case 1
	Case 2

	Discussion
	Conclusion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


