Erdheim-Chester disease with concomitant
Rosai-Dorfman like lesions: a distinct entity mainly
driven by MAP2K1

Rosai-Dorfman disease (RDD) is a rare histiocytosis
characterized by infiltration of tissue by CD68"
S$100°CD1a" histiocytes with large nuclei and abundant
lesions of emperipolesis." The first clinical observations
of RDD were of cervical lymphadenopathy,” but later
extranodal locations®* were reported as well (sinonasal,
skin, bone, soft tissue, respiratory tract, eye or brain).
Gain-of-function mutations of genes of the MAP kinase-
signaling pathway, including BRAE NRAS, KRAS,
MAP2K 1, and ARAF have been reported in some patients
with RDD.**

The diagnosis of Erdheim-Chester disease (ECD) is
based on a clinical/radiological presentation along with
compatible histology.” In contrast to RDD, histology is
not always specific for the diagnosis of ECD, although
biopsy is mandatory to rule out other diagnoses, confirm
infiltration by histiocytes and detect somatic mutations.®
Typically, ECD involves long bones (in over 95% of
cases), peri-nephric fat (“hairy-kidney”) and adventitia of
blood vessels”’ (“coated aorta”). More than half of ECD
patients have BRAF(V600E) mutations, and more than
80% have mutations in MAPK pathway genes."

Overlapping forms of ECD and Langerhans cell histio-
cytosis have been observed to occur in approximately 10-
15% of patients with ECD, and there is a very high fre-
quency of BRAF(V600E) mutations in this mixed histiocy-

Table 1. Characteristics of patients with Erdheim-Chester disease and features of Rosai-Dorfman disease, including their molecular features and outcomes.
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Pt Age at Radiological Involvement  Ig-G4 Time Genetic Genetic Treatment Metaholic
dx localization of ECD by RDD on RDD between  status status response
ECD/RDD of ECD of RDD
lesions lesions

1 Ty Bones, peri-nephric fat, Testis Few Ig-G4 2m No mutation ~ MAP2KT c.159T>A, PEG-INF then  Increase of
aorta, right atrial plasmocytes p.(Phe53Leu) cobimetinib metabolic lesions
pseudo-tumor at the interruption

of cobimetinib

2 52y Bones, peri-nephric fat, Testis Negative 41m No mutation ~ MAP2KI c.167A>C, PEG-INF Persistent vascular
peri-vascular fibrosis, p.(GIn56Pro) involvement

3 3Ty Bones, omentum, epidural ~ Testis NA 12m MAP2K1 MAP2K] ¢.314_319del,  Anakinra, Neurologic progression
soft tissues, cavernous sinus c.314_319del,  p.(105_107del) methotrexate ~ with methotrexate.
and pituitary p-(105_107del) Switch to cobimetinib

with good response

4 By Bones, peri-nephric fat, Testis NA 18y No mutation ~ MAP2KI c.371C>T, Cladribine, Metabolic response
dura p.(Pro124Leu) anakinra with cobimetinib

5 86y Bones, peri-nephric fat Cheek Few Ig-G4 Im BRAF MAP2K] c.171G>C, PEG-INF Stable without
leptomeningeal infiltration, plasmocytes wild type p.(Lys57Asn) treatment

6 29y Bones, peri-nephric fat, Tibia Few Ig-G4 Im BRAF PIK3CA: ¢.3140A>G, PEG-INF Decrease of
pachymeninge thickening plasmocytes undetermined  p.(His1047Arg) metabolic lesion

7 44y Dural lesions and Testis Negative 0 No mutation ~ No mutation Cladribine NA
peri-aortic infiltration

8 50y Skull lesion, coated aorta, Optical nerve NA No mutation NA NA
peritoneal and omentum,
renal and spleen

9 2y Bones, vascular Tibia NA MAP2K] ¢371C>T, NA NA
sheathing, p.(Pro124Leu)

10 84y Vascular sheathing, Peri-nephric  Few Ig-G4 No mutation No treatment  Stable lesions
peri-nephric fat fat plasmocytes without treatment

11 68y Bones, peri-nephric fat, Pleura Few Ig-G4 13m MAP2KI c1T1G>T, MAP2KT c171G>T, PEG-INF Complete response
pulmonary, peritoneal, plasmocytes p.(Lys57Asn)  p.(Lys57Asn) then with cobimetinib
heart, brain, DNMT3 ¢2644C>T, cobimetinib

p-(Arg882Cys)

12 69y Peri-nephric fat, Testis Few Ig-G4 37m BRAF wild type. MAP2KT ¢.157T>C, Prednisone Stable lesions
mesentery plasmocytes No mutation p.(Phe53Leu) and methotrexate

13 32y Bones, peri-nephric fat, Vocal Negative 2m BRAF wild type.  MAP2KI c.167TA>C, Cladribine Stable lesions
coated aorta, trachea, cord No mutation  p.(GIn56Prp)

pituitary, maxillary sinuses

Pt: patient; dx: diagnosis; ECD: Erdheim-Chester disease; RDD: Rosai-Dorfman disease; y: years; m: months; NA: not available; PEG-INF: pegylated interferon.
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tosis.'' Here we present the clinical and mutational obser-
vations of overlapping ECD and RDD, a previously
uncharacterized entity.

Databases from the Internal Medicine Department of
Pitié-Salpétriere Hospital (Paris, France), Memorial Sloan
Kettering Cancer Center (MSKCC; New York, NY, USA)
and Mayo Clinic (Rochester, MN, USA) were reviewed.
Clinical records from patients with ECD from Pitié-
Salpétriere Hospital (n=168), MSKCC (n=96) and Mayo
Clinic (n=89) between January 1998 and April 2018 were
retrieved. This study was conducted in accordance with
the institutional review boards of all institutions. Two
patients referred from Germany and Greece were also
included from the database of Ambroise Paré pathology
department.
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All patients with ECD had a compatible clinical/imag-
ing presentation and at least one biopsy of an involved
tissue. Infiltration of involved tissue by CD68" S100°
CD1a histiocytes, with large nuclei and nucleoli, and
abundant lesions of emperipolesis were mandatory for
the diagnosis of RDD. Biopsy samples were investigated
for mutations of genes of the MAP kinase pathway using
target-capture next-generation sequencing or whole
exome sequencing. (Online Supplementary Data).

Thirteen patients with typical ECD and at least one site
with RDD histology were included in this analysis, of
whom 11 (3.1%) were from the Pitié-Salpétriere,
MSKCC, and Mayo Clinic referral centers out of the total
of 353 ECD patients identified in those centers.

In all three cohorts, the occurrence of RDD histology in

Figure 1. Imaging of Erdheim-Chester dis-
ease and histological features of Rosai-
Dorfman disease. (A) Sagittal fused (**F) flu-
orodeoxyglucose positron emission tomog-
raphy demonstrates radiotracer uptake in
the meta-diaphysis of long bones in
Erdheim-Chester disease (ECD), (B) Axial
computed tomography (CT) scan of a patient
demonstrates infiltration of peri-nephric fat,
defined as "hairy-kidney". (C) Bone scintigra-
phy showing radiotracer uptake in the testis
of a patient with ECD. (D) Axial CT scan of a
patient showing circumferential sheathing
of thoracic aorta, defined as "coated aorta",
(E) Bone biopsy of an Erdheim-Chester
lesion, with replacement of bone marrow by
fibrosis and a few histiocytes with small
nuclei. Hematoxylin & eosin (H&E) staining,
original magnification x200). (F) Testicular
involvement with Rosai-Dorfman histology
showing large multinucleated histiocytes
with large nuclei, abundant cytoplasm and
lesions of emperipolesis (H&E, x400). (G)
Same sample with strong expression of
S100 protein (brown staining) by the multin-
ucleated histiocytes (immunohistochem-
istry, x400). (H) Same sample with strong
expression of phosphoERK by the histio-
cytes with abundant emperipolesis
(immunohistochemistry, x400)
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ECD patients was a rare phenomenon with a frequency
of 3.6% (6/168) in the French center, 3.1% (3/96) at
MSKCC and 2.2% (2/89) in the Mayo Clinic. The median
age at diagnosis of the overlapping forms was 68 years
(range, 29-86). The median age at diagnosis in France was
71 years (range, 29-86), while American patients were
younger with a median age of 44 years (range, 32-78). A
56-year old patient from Germany and a 68-year old
woman from Greece also fulfilled the criteria fir inclusion
in this study.

In the study cohort of 13 patients (12 males, 1 female),
all had typical ECD findings. At the diagnosis of ECD, no
patient had another myeloproliferative neoplasm. Apart
from cases #8, #9 and #10, all patients had at least one
biopsy of a tissue compatible with ECD histology at ini-
tial diagnosis. ECD histiocytes were negative for S100,
except in cases #4 and #5 in whom focal positivity was
observed. Typical RDD histology was observed on biop-
sies, which were usually performed during the course of
the disease because a new location of involvement was
revealed by imaging (Figure 1) except for three patients
who did not have compatible histology of ECD and for
one who had co-occurrence of both histiocytoses at diag-
nosis. Seven out of the 12 males had testicular infiltration
by RDD. The diagnosis was suspected by abnormal
radiotracer uptake on follow-up fluorodeoxyglucose
positron emission tomography or bone scintigraphy.
Doppler ultrasound or magnetic resonance imaging
demonstrated nodules or increased volume of epi-
didymis. The other RDD locations were tibia (n=1),
cheek (n=1), peri-nephric region (n=1), optical nerve
(n=1), pleura (n=1), and vocal cord (n=1). No abnormality
on clinical/radiological presentation could predict RDD
lesions and none of the patients had lymph nodes
involved by RDD.

Langerhans cell Histiocytosis
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The BRAF(V600E) mutation was absent in all cases on
tissues with ECD or RDD histology. By contrast nine
cases had MAP2K1 mutations and one had a PIK3CA
mutation on biopsies disclosing RDD lesions. Three
patients harbored mutations already reported in
Langerhans cell histiocytosis but none of the mutations
has been reported in patients with ECD or RDD (Figure
2). Two patients had the same AAP2K1 mutation in their
ECD and RDD samples.

Patients received first-line conventional therapy for
ECD (i.e., immunosuppressive treatment or chemothera-
peutics) (Table 1). Four patients were given MEK
inhibitor therapy, because conventional therapies were
ineffective or intolerable, with favorable radiological
responses.

As far as we know, ECD/RDD overlap has not been
reported previously, although clinical phenotypes consis-
tent with ECD have been described in four reports of
RDD patients.””" The median age of 68 years at diagnosis
of overlapping forms in the present series is higher than
that observed in ECD*"* and RDD, which affect younger
individuals."

A key finding in our series is that RDD lesions fre-
quently emerged in the setting of otherwise controlled
systemic ECD. This suggests that repeat biopsy may be
of merit in cases of apparent treatment failures for ECD,
particularly in the context of patients with wildtype
BRAF.

A unique phenotypic aspect of these cases is that all
but one were male and that 7/12 males had testicular
infiltration by RDD. Perturbations in the MEK/ERK path-
way might underlie the development of the disease in
men and especially in the testes, as this pathway has
been shown to be involved with maintenance of a func-
tional population of adult Leydig cells in mice.” In these
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Figure 2. Representation of MAP2K1 gene mutations reported in histiocytoses. In red, mutations described in Langerhans cell histiocytosis (LCH) and Erdheim-
Chester disease (ECD)/Rosai-Dorfman disease (RDD) forms and in blue another mutation described in LCH and ECD/RDD forms.
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ECD patients, none had the BRAF(V600E) mutation,
which is usually present in more than half of patients
with ECD." The BRAF(V600E) mutation is also present in
most  patients with overlapping forms of
ECD/Langerhans cell histiocytosis."" These findings sug-
gest that the co-occurrence of ECD and RDD is driven by
MAP kinase (MAP2K1) but does not involve the BRAF
gene. Additionally, a review of therapies received by this
cohort suggests that MEK inhibition might be efficacious
for inducing metabolic responses in both ECD- and
RDD-involved locations and should be considered in
those patients.

There are some limitations to this study. First of all, it
is a retrospective series with data collection based on
information available in the patients’ records. Moreover,
biopsy of new lesions in ECD patients was at the discre-
tion of the physicians in collaboration with radiologists
and surgeons. With regards to the mutational findings,
DNA quality and quantity were low, because the DNA
was mostly obtained from small fresh-frozen paraffin-
embedded biopsies, and exhaustive next-generation
sequencing analysis could not be performed for some
patients.

The major strength of this study is that the data were
derived from three referral centers for ECD and RDD.
Hence, the biopsy specimens were reviewed by expert
pathologists and all known mutations of MAP kinase
pathway genes were investigated.

RDD is a heterogeneous histological entity (more than
a disease), which may be observed in several clinical
inherited or sporadic conditions. Our study demonstrates
that some patients with ECD may also have the histolog-
ical lesions described by Destombes, Rosai and Dorfman.
This subset of ECD/RDD overlap mainly affects older
males, is almost always extranodal, frequently involves
the testes, and is mainly driven by MAP2K1 gain-of-func-
tion mutations.
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