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1 | CLINICAL HISTORY

A 57-year-old woman with a one-year history of frequent
falls was evaluated for progressive gait instability. Past
medical history was significant for hypertension and pul-
monary embolism, and the patient was previously evalu-
ated for ‘“stroke” at an outside institution. CT brain
identified cerebellar edema. MRI brain revealed abnor-
mal hyperintensities in the bilateral cerebellar hemi-
spheres, pons, and middle cerebellar peduncles on
T2-weighted imaging (Figure 1A), with heterogeneous

FIGURE 1 MRI brain, axial sections.
(A) T2-weighted MRI demonstrated
abnormal hyperintensities in the bilateral
cerebellar hemispheres, pons, and the
middle cerebellar peduncles.

(B) T1-weighted imaging with contrast
showed patchy enhancement. No diffusion
restriction was present (not shown). The
radiologic differential diagnosis included
hematopoietic neoplasms, metastatic
disease, and atypical demyelinating disease

BOX 1

Access the whole slide scan at http://image.upmc.
edu:8080/NeuroPathology/BPA/BPA-21-08-213/
view.apml?

Slide scan

post-contrast enhancement on Tl-weighted imaging

(Figure 1B). CT of the chest, abdomen, and pelvis rev-
ealed thickening of the left renal pelvis, concerning for
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FIGURE 2 Autopsy findings. H&E-stained sections showed histiocyte-rich lesions in perivascular spaces of pons (A) and within the pontine
tegmentum (B), with admixed lymphocytes. Outside of the brain, histiocyte-rich lesions were seen in the renal pelvis (C), with multinucleated Touton
giant cells, and within calvarium (not shown). Numerous Rosenthal fibers were seen in deep cerebellar white matter, highlighted by Masson trichrome
stain (D). Within cerebellar parenchyma and in perivascular spaces, there were numerous CD163-positive histiocytes (E), and these had weak-to-
moderate S100 immunoreactivity (E, inset). The histiocytes were positive for BRAF V600E mutant protein by immunohistochemistry (F) and
sequencing. Note the patchy, granular staining in Erdheim-Chester disease with a BRAF V600E mutation

carcinoma, and fullness of the right renal pelvis. Scattered
mixed sclerotic and Iytic lesions in axial skeleton were
identified, concerning for metastases. Neurosurgery con-
sult resulted in a biopsy of the cerebellar lesions, with
clinical and radiologic concern for metastatic disease.
The biopsies revealed only reactive gliosis, Rosenthal
fibers, and no neoplastic process. Several months follow-
ing this evaluation, the patient presented in cardiac arrest
and expired. A complete autopsy was requested.

2 | FINDINGS
At autopsy, examination of the kidneys was remarkable for
firm, tan-yellow, plaque-like lesions in the renal pelves that
involved the renal papillae and extended into the fat of the
renal sinuses. No similar cardiac, liver, lung, splenic, or
other parenchymal lesions were identified grossly. Examina-
tion of the skull revealed a destructive and hemorrhagic
lesion in the vertex, as well as the suboccipital craniotomy
site from the recent biopsy. Convexity dura was remarkable
for multiple discrete, firm, tan-yellow plaque-like lesions on
the left convexity dura, resembling those seen in the renal
pelves. Sections through the brainstem and cerebellum rev-
ealed firm, ill-defined, and yellow-tan lesions involving the
bilateral middle cerebellar peduncles and cerebellum,
obscuring the deep cerebellar nuclei. No lesions were seen
in the sella, spinal cord, or in coronal sections through cere-
brum, ventricles, and subcortical nuclei.

H&E-stained sections of the firm pontine lesion
showed histiocyte-rich lesions in perivascular spaces of
basis pontis (Figure 2A) and pontine tegmentum

(Figure 2B and Box 1). Histiocyte-rich lesions with
multinucleated Touton giant cells were also seen outside
the CNS, including within renal pelvis (Figure 2C and
Box 1). The middle cerebellar peduncles, cerebellar white
matter, and deep cerebellar nuclei were also involved by
a perivascular and parenchymal histiocytic infiltrate with
associated reactive gliosis. There was prominent
Rosenthal fiber formation in the cerebellar white matter,
highlighted by Masson trichrome stain (Figure 2D).
Foamy perivascular and parenchymal histiocytes were
highlighted by CD163 immunostain (Figure 2E), Factor
XIIla (not shown), and focally, by S100 (Figure 2E,
inset). CDla was negative. Histiocyte-rich lesions with
Touton giant cells were also seen in the skull lesion, as
well as within the dural plaques. What is the diagnosis?

3 | FINAL DIAGNOSIS

Erdheim-Chester disease (ECD), with BRAF V600E
mutation demonstrated by both sequencing and immuno-
histochemistry (Figure 1F).

4 | DISCUSSION
Erdheim-Chester disease (ECD) is a rare histiocytosis that
most commonly affects middle-aged adults. ECD has con-
ventionally been considered a type of ‘“non-Langerhans
cell histiocytosis,” along with Rosai-Dorfman disease and
juvenile xanthogranuloma. A recently revised classifica-
tion of histiocytoses placed ECD in the “L” (Langerhans)
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group, and specifically within the indeterminate cell
histiocytosis (ICH) subtype of the “L” group [1]. This clas-
sification scheme recognizes the common molecular under-
pinnings of both Langerhans cell histiocytosis (LCH) and
ECD, with MAPK pathway mutations common to both,
as well as those occasional cases with features of both enti-
ties (“mixed LCH/ECD”). In the present case, no features
of LCH were present and CDla was negative. As such,
the present case represents a classic form of ECD, with
involvement of CNS, dura, renal pelves and skeleton (see
above). Spleen, small bowel, lung, and esophagus were
also involved by ECD on microscopic examination.

The clinical presentation of ECD 1is variable,
although skeletal involvement with sclerotic lesions in
the lower extremity is nearly universal [1,2]. CNS
involvement occurs in 25-50% of patients [2], and the
most frequently involved structures are the pons, mid-
dle cerebellar peduncles (MCPs), and deep cerebellar
nuclei and cerebellar white matter. This distribution
may result in ataxia and stroke-like symptoms, as seen
in this patient. In addition, CNS involvement com-
monly includes dura (present in this case), as well as
the hypothalamus-pituitary axis, with associated diabe-
tes insipidus (absent in this case).

Corresponding to this distribution of lesions, MRI
studies may demonstrate both intra-axial and extra-axial
lesions. Particularly in the posterior fossa, ECD-lesions
appear hyperintense on T2-weighted imaging (pons,
MCPs, and cerebellum) and demonstrate irregular con-
trast enhancement (Figure 1). This may include trans-
versely oriented enhancement in the pons [3], although
that pattern was not seen here. The radiologic differential
diagnosis of ECD may therefore include metastatic dis-
ease, lymphoma, inflammatory or demyelinating dis-
eases, as well as gliomas [3] (all suggested in this patient
prior to the final diagnosis).

Histopathologic examination in ECD reveals foamy,
lipid-laden histiocytes in a background of fibrosis with
scattered Touton giant cells (Figure 2). Rosenthal fiber
formation in affected brain regions is common
(Figure 2D) and was even present in the non-diagnostic
premortem biopsy (not shown). Diffuse CD68, CD163,
and Factor XIIla immunoreactivity are observed. S100
immunoreactivity is also well described in a subset of
cases [1], and thus cannot be used in isolation to distin-
guish between Rosai-Dorfman disease and ECD.
CDla and Langerin are negative, except in examples of
mixed LCH/ECD. In the setting of a BRAF V60OE muta-
tion, first demonstrated by sequencing in this case,
immunostain for mutant BRAF V600E protein will
reveal immunoreactivity. As shown in Figure 1F, the
granular cytoplasmic staining for mutant BRAF V600E
protein can be patchy and easily overlooked.

Molecular studies have identified recurrent alterations
in the MAPK and PI3K pathways in patients with ECD
[1,2]. Among these, BRAF V600E mutations are the most

< Brain 3of3
g P<:1‘rhologyJ—0

common alteration identified. Mutations in MAP2KI,
NRAS, KRAS, and PIK3CA are also described [1,2]. The
presence of a BRAF alteration allows for the potential use
of targeted BRAF-inhibitor therapy, such as vemurafenib.
Additional therapies considered may include inhibitors of
the MAPK-ERK pathway (MEK inhibitors) and immu-
nosuppressive agents (interferon-a-2a) [2].
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