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ABSTRACT

Objective Peritoneal or mesenteric tumours may
correspond to several tumour types or tumour-like
conditions, some of them being represented by
histiocytosis. This rare condition often poses diagnostic
difficulties that can lead to important time delay in
targeted therapies. Our aim was to describe main features
of histiocytoses with mesenteric localisation that can
improve the diagnostic process.

Design We performed a retrospective study on 22
patients, whose peritoneal/mesenteric biopsies were
infiltrated by histiocytes.

Results Abdominal pain was the revealing symptom in
10 cases, and 19 patients underwent surgical biopsies.
The diagnosis of histiocytosis was proposed by initial
pathologists in 41% of patients. The other initial diagnoses
were inflammation (n=7), sclerosing mesenteritis (n=4)
and liposarcoma (n=1). The CD163/CD68+CD1a-
histiocytes infiltrated subserosa and/or deeper adipose
tissues in 16 and 14 cases, respectively. A BRAF/5%
mutation was detected within the biopsies in 11 cases,
and two others were MAP2K1 mutated. The final diagnosis
was histiocytosis in 18 patients, 15 of whom had
Erdheim-Chester disease. The median diagnostic delay

of histiocytosis was 9 months. Patients treated with BRAF
or MEK inhibitors showed a partial response or a stable
disease. One patient died soon after surgery, and five died
by the progression of the disease.

Conclusion Diagnosis of masses arising in the mesentery
should be carefully explored as one of the possibilities

in histiocytosis. This diagnosis is frequently missed on
mesenteric biopsies. Molecular biology for detecting the
mutations in BRAF or in genes of the MAP kinase pathway
is a critical diagnostic tool.

INTRODUCTION AND OBJECTIVES

Peritoneal or mesenteric tumours detected
by imaging may correspond to carcino-
matosis or sarcomatosis of a previously
unsuspected tumour, or to a primitive meso-
thelioma. It may also reveal atypical prolifer-
ations such as abdominal desmoid tumour,
inflammatory  pseudotumour, infections

18,19
1,25

What is already known about this subject?

» Only few case reports with peritoneal or mesenteric
histiocytosis have been published as yet.

» Revealing symptoms, as well as the main clinical,
pathological and molecular characteristics are not
well described.

What are the new findings?

» Revealing symptoms of half of the patients was ab-
dominal pain, and 19/22 patients underwent surgi-
cal biopsies.

» For half of them the first histopathological diagnosis
was not histiocytosis (unspecific inflammation, scle-
rosing mesenteritis or liposarcoma).

» A BRAF or MAP2K1 mutation was detected in the
majority of cases, and happens to be an important
tool to achieve the diagnosis.

How might it impact on clinical practice in the

foreseeable future?

» Gastroenterologists, digestive surgeons and oncolo-
gists will consider histiocytosis among the possible
diagnoses of peritoneal/mesenteric tumours.

» Avoid surgical biopsy in some cases.

» Achieve the correct diagnosis, or achieve the final
diagnosis in a shorter delay.

» Propose efficient targeted therapies.

such as tuberculosis or be a manifestation
of a systemic auto-immune or inflamma-
tory disease, such as amyloidosis, Castleman
disease or IgG4-related disease. Some of
such rare conditions have been described
as mesenteric panniculitis, mesenteric lipo-
dystrophy or retractile mesenteritis before
being gathered into a single entity: sclerosing
mesenteritis." A few cases of histiocytosis asso-
ciated with peritoneal/mesenteric tumours
have been reported.””

CT scans or MRI are good imaging
modalities for the detection of peritoneal/
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Figure 2 CT scan of patients with mesenteric involvement
by histiocytosis. Patient #11 (A) with mesenteric tumour (long
arrows) surrounding mesenteric vessels, initially diagnosed
as sclerosing mesenteritis. This patient had typical Erdheim-
Chester lesions consisting in ‘coated aorta’ (short arrows)
and ‘hairy kidneys’ (arrow heads). This patient also had
intraperitoneal effusion in the parieto-colic area (star) and
around the liver. Axial CT scan, contrast injection in portal
phase. Patient #2 with mesenteric infiltration (arrows) before
(B), and with partial response after 4.5 months of treatment
with trametinib (C). Axial CT scan, without contrast injection.
Patient #15 with mesenteric infiltration (arrows) in the pelvis,
before (D) and after 7 months (E) and 39 months (F) of
treatment with vemurafenib. Small lymph nodes were also
present in this area. Axial CT scan, contrast injection.

follow-up information were obtained from patients’
medical records by electronic means. All patients (except
#6 who died 2 days after surgery) had a clinical and
imaging workup including "*F-fluorodeoxyglucose (FDG)
positron emission tomography (PET) scan. All medical
charts were centrally reviewed by two experimented clini-
cians (FC-A and JH) for retrieving the final diagnosis. For
Erdheim-Chester disease (ECD) and other type of histio-
cytosis diagnosis, the international criteria were used
for diagnosis of histiocytosis."' '* ECD was confirmed
when biopsy showed an infiltration with mononucleated
CD163+CDla- histiocytes, some of which with foamy
cytoplasm, associated with either a gain of function muta-
tion of BRAF/MAP2KI and/or with the presence of at
least one typical ECD long bone, peri-renal or peri-aortic
localisation.

Time delay was calculated as the time between the first
symptom and the final diagnosis.

All biopsy samples (surgical or needle biopsies) were
centrally reviewed by pathologists (IU, FG, J-FE). Immu-
nohistochemistry was performed using Bond Max
(Leica Biosystem, Newcastle, UK) with BOND Polymer
Refine Detection Leica. Primary antibodies were CD163

(10D6, Leica), CD68 (514H12, Leica), CDla (OI10,
Dako, Glostrup, Denmark), S100 (polyclonal, Dako) and
phosphoERK (Erk 1/2, Cell Signaling, Beverly, USA).

Detection of somatic mutations was performed on
DNA extracted from areas infiltrated with the highest
percentage of histiocytes. The B 0% mutation was
detected by real time PCR, pyrosequencing or/and
pddPCR as previously described.” '* Cases without a
BRAF"* mutation were screened for other mutations in
genes of the MAP kinase signalling pathway by targeted
next-generation sequencing (NGS). For the targeted
NGS, libraries were obtained using TruSeqCustom Ampl-
icon Low Input kit (Illumina) with a custom panel of 76
genes of the MAP kinase pathway or frequently mutated
in myeloid malignancies.'” Sequencing was performed
on a Miseq sequencer (Illumina). Read alignment,
variant calling and annotation were performed using
GensearchNGS V.1.6.31 (PhenoSystems). The sensitivity
was 2%. All variants were checked using IGV software
V.2.3.

RESULTS

Twenty-three peritoneal or mesenteric biopsies, corre-
sponding to 23 patients, were retrieved. Among them,
one case was excluded because of the lack of tumour
block and of clinical data. The 22 remaining cases corre-
sponded to 1.5% of 1499 samples with the diagnosis
or suspicion of histiocytosis referred in Ambroise-Paré
pathology centre during the period of study. These 1499
samples correspond to other organs such as bone (27%),
skin (24%), perirenal (12%), lung (4.2%), etc.

The median age at the time of biopsy was 59 years, and
female/male ratio was 6/16. Ten patients (45%) had
abdominal pain as revelatory symptom (table 1). Three
patients (14%) underwent a percutaneous biopsy, while
all others underwent surgery. The diagnosis proposed in
the initial pathology report did not include histiocytosis
in 13 (59%) cases (figure 1A). Six patients (28%) had a
unique peritoneal infiltration, while clinical and radio-
logical investigations revealed other organ involvement
in the 17 remaining cases (table 1). Imaging revealed
(figure 2) that the lesions presented either as a mesen-
teric mass (n=11) or as multinodular/diffuse peritoneal
infiltration (n=11).

All samples were infiltrated by mononucleated histio-
cytes, which had a foamy cytoplasm in the majority
(18/22, 82%) of cases (table 2). Histiocytes with eosino-
philic cytoplasm were also present in 13 cases. (figure 3).
The infiltration was superficial (ie, close to the serosa)
in most (16/20, 80%) cases and deep (ie, infiltrating
the adipose tissue of the omentum or the mesentery) in
14/20 (70%) cases (figure 3). In all cases, the phenotype
was positive for CD163 (figure 2) and/or CD68 and nega-
tive for CD1a. Only 4/20 (20%) cases were S100 positive.

A BRAF"! mutation was detected in 11 (50%) patients,
whereas 2 had a MAP2KI gain-offunction mutation
(p-(GIn56Pro) and p.(Lysb7Asn)). Six of these mutated

4 Cohen-Aubart F, et al. BMJ Open Gastro 2021;8:€000622. doi:10.1136/bmjgast-2021-000622
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Distribution of Density of Cytoplasm of Nuclei of Giant
Case no. Fibrosis macrophages histiocytes macrophages macrophages cells Phenotype

2 No Superficial Low Eosinophil Heterogenous Yes $1007, CD163", CD68"*,
CD1a’, pERK*

4 No Superficial and Moderate Foamy Small dense No S1007, CD163", CD1a’,
deep pERK"™

6 No Superficial and High Eosinophil Small dense, Yes S1007, CD68*, CD1a’,
deep folded pERK*

8 No Superficial High Foamy Small dense No S1007, CD163",
CD68*,CD1a”

10 Yes Superficial and Moderate Foamy Heterogenous Yes $1007, CD68*, CD1a”
deep

12 No Superficial and High Foamy Small dense No CD163", CD68*, CD1a”
deep

1ybuAdoo

14 No Deep Moderate Foamy Fine chromatin, Non S100*, CD163*, CD68",
nucleolated CD1a’, pERK*

16 No* Superficial and High Foamy+eosinophil Heterogenous No $1007, CD163", CD1a’,
deep pERK*

18 Yes Deep Low Eosinophil Fine chromatin,  Yes $100*, CD163*, CD68",
nucleolated CD1a’, pERK*

20 No Deep High Foamy Heterogenous No $1007, CD163", CD68",
CD1a’, pERK*

Aq pa1osioid 1senb Aq 120z ‘92 Aeln uo jwod fwg-onsebuadolwgy/:dny woiy papeojumoq "TZ0Z AN TZ U0 229000-T202-1seblwa/9eTT 0T Se paysiignd sy :jossusodses uado rINg

22 No Superficial and Moderate Foamy+eosinophil Heterogenous Yes $100*, CD163*, CD68",
deep CD1a’, pERK*

*Cytosteatonecrosis associated.
NA, not analysable.

cases expressed phosphoERK (figure 2), corresponding ~ a mutation in the codon V600 of BRAF, but the amount
to an activation of the RAS-ERK pathway, and one was  and/or quality of available DNA were too low for further
negative. For three patients, an extensive molecular anal-  analyses using more sensitive methods on V600, or
ysis did not reveal any mutation within the MAP kinase  targeting other loci of BRAFFand other genes of the MAP
pathway, one of whom was positive for phosphoERK. kinase pathway. Three of these latter patients expressed
For the six other patients, real-time PCR did not reveal

(3]
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Figure 3 Histology of the patients with mesenteric
involvement by histiocytosis. Low magnification showing
diffuse, mainly superficial, involvement of epiploon by
histiocytosis (patient #13, H&E x1 (A) and CD163 x1 (B)).
Patchy superficial involvement of epiploon by histiocytosis
(patient #22, H&E x12 (C), H&E x40 (D) and CD163 x40 (E)).
Diffuse superficial involvement of serosa by eosinophilic
histiocytes (patient #9, H&E x200 (F), phosphoERK x200 (G)).
Infiltration by eosinophilic (H) or foamy () histiocytes (patient
#2, H&E x200 (H), patient #10, H&E x40 (1)).

phosphoERK, demonstrating a strong activation of this
cell signalling pathway.

The final diagnosis of the disease was ECD in 15
patients, and histiocytosis not otherwise specified (NOS)
for 2 additional patients (figure 1B). For patient #13, with
final diagnosis of histiocytosis NOS, malignant histiocy-
tosis could not be established on histology, because of
a low mitotic activity and low Ki67 index; however, this
patient was resistant to treatments and finally deceased
from disease progression. The median delay between
the biopsy and the final diagnosis of histiocytosis was 9
months.

Regarding the clinical evolution, one patient died 2 days
after surgery (#6), and five died from disease progression
(#7, #13, #16, #18, #19). Among patients with ECD, five
received pegylated interferon (#5, #7, #10, #14, #16), six
were treated with vemurafenib, a BRAF inhibitor (#11,
#12, #15, #19, #21, #22), four received cobimetinib, a
MEK inhibitor (#1, #2, #15, #22) and two are included in
COBRAH (a blinded clinical phase II trial randomising

placebo vs a MEK inhibitor) (#5, #9). All patients treated
with vemurafenib showed a partial response (figure 2),
and patients treated with MEK inhibitor yielded a partial
response or a stable disease.

DISCUSSION

Herein, we have reported a series of 22 patients who
underwent peritoneal/mesenteric surgical or percuta-
neous biopsies mainly infiltrated by histiocytes. In the
majority of cases (59%), the diagnosis of histiocytosis was
not suspected before surgery. It was neither proposed nor
discussed in the initial pathology report. However, the
diagnosis of histiocytosis was finally achieved in 17 cases
(77%), 15 of whom correspond to ECD. The presence
of a mutation activating the MAP kinase pathway and/or
the detection of extraperitoneal/mesenteric localisations
were very helpful to establish the final diagnosis. The
median delay between the first symptom and diagnosis
was 9 months (range 2-49 months). The median age and
disease extension were similar to those described in the
largest series of patients with ECD."

Single cases of histiocytosis with predominant peri-
toneal or mesenteric involvement have already been
reported. Most of them corresponded to ECD and some
to RDD.* "7 Rare cases of reactive histiocytosis have also
been reported, such as crystal storing histiocytosis and
nodular histiocytic aggregate of the omentum.™™ As
for our patients, in most of these cases the diagnosis of
histiocytosis was not initially suspected. Our large series
allows to define the main characteristics of these abdom-
inal histiocytic diseases.

Histiocytes were either foamy or with eosinophilic
cytoplasm, sometimes associated with Touton cells. The
density of histiocytes (low, moderate or high) showed
no correlation with symptoms claimed by the patients.
Despite the low number of needle biopsies, we suspect
that they can lead to diagnosis in abdominal masses, but
surgery should be proposed in cases with diffuse peri-
toneal infiltration. Molecular analysis revealed BRAI or
MAP2KI mutations in 59% of patients, and was helpful to
confirm diagnosis in most cases. These gain-of-function
mutations are responsible for a constitutive activation of
the MAP Kkinase signalling pathway, and are present in
the majority of patients with ECD."**!

Analysing this series of patients according to initial
diagnoses might be helpful to avoid future misdiag-
noses and to shorten diagnostic workup of forthcoming
patients. A first group of four patients (#4, #10, #11, #17)
were initially diagnosed as sclerosing mesenteritis, two of
whom (#10, #11) were finally diagnosed with ECD with
typical involvement of long bones, retroperitoneum,
skin and/or orbits. The two other patients (#04, #17)
were finally confirmed as sclerosing mesenteritis, since
no other organ involvement was present and no muta-
tion was detected. Sclerosing mesenteritis (or mesen-
teric panniculitis, mesenteric lipodystrophy or retractile
mesenteritis) is a rare condition that presents symptoms

6 Cohen-Aubart F, et al. BMJ Open Gastro 2021;8:€000622. doi:10.1136/bmjgast-2021-000622
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Patients with mesenteric mass
(after excluding the most common diagnoses)
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Figure 4 Recommendations for diagnostic process in patients with mesenteric mass of unknown aetiology.

associated with an abdominal mass. Up to 5.7% of cases
are associated with autoimmune conditions such as
hyper-IgG4 syndrome or lupus. Half of the patients do
not require specific treatment.*** In a recently proposed
flow diagram of initial workup for sclerosing pannicu-
litis, a PET scan was recommended only for patients with
lymph nodes >10 mm, in order to exclude lymphomas.**
Alexiou et al reported a woman aged 56 years diag-
nosed with a sclerosing mesenteritis 8 years before, who
presented with ECD and died a few weeks later from
central nervous system involvement.” Similarly, Moore et
al described another patient with sclerosing mesenteritis,
who presented 1 year postsurgery with exophthalmos; a
full skeletal assessment was performed which revealed
ECD.” Our data and the previously published cases
suggest that full body FDG-PET scan should be proposed
to all patients with suspected sclerosing mesenteritis,
especially when blood examination shows abnormalities
suggestive for myeloproliferative neoplasms.

A second group of seven other patients were diag-
nosed as inflammation of the peritoneum (#1, #6,
#14, #15, #16, #20, #21). Five of them happened to
have ECD (#1, #14, #15, #16, #21), and another one
had histiocytosis NOS (#06). Patient #16 underwent
16 successive frozen sections during laparotomy, since
a peritoneal carcinomatosis was suspected but could
not be confirmed. Finally, a third group of nine other
patients were suspected with ECD since the beginning
(#2, #3, #b, #7, #8, #12, #18, #19, #22), and samples
were sent to Ambroise-Paré Pathology Department for
confirmation and/or for molecular analyses. Two out of
these nine patients (#3, #5) were finally classified as scle-
rosing mesenteritis, confirming the difficult differential
diagnosis between ECD and sclerosing mesenteritis, in
the absence of extra-abdominal involvement and of a

mutation activating the MAP kinase pathway. The major
differences between diagnoses initially suspected and
finally achieved, and the long delay to obtain this diag-
nosis, urged us to propose some recommendations for
diagnostic process (figure 4).

The present paper has some limitations. It is a retro-
spective series and all samples were referred to our
centre because of the suspicion of histiocytosis. There-
fore, the proportion of sclerosing panniculitis which
finally happened to be ECD is obviously overestimated.
Similarly, a diffuse infiltration within the peritoneum by
histiocytes may be related to several other aetiologies,
including infections or tumours, and such cases were
not referred to the French Histiocytosis Network.” ** By
contrast, the proportion of ECD patients with peritoneal
or mesenteric involvement (1.53% of samples referred for
suspicion of histiocytosis to the Ambroise-Paré Pathology
Department) is obviously underestimated. Indeed, ECD
usually involves other organs which are more accessible
to fine needle biopsy. In a prospective study of 61 patients
with extensive and standardised evaluation of disease
extension, four (6.6%) patients had an infiltration of the
mesentery, of whom one was diagnosed on a mesenteric
biopsy.”® However, a diffuse infiltration of the perito-
neum with nodules <5 mm may be undetectable with CT
scan. The strength of our study is mainly based on a high
number of cases contrasting with the published single
case reports. Furthermore, all cases underwent pheno-
typic and molecular analyses. This allows us to draw
conclusions based on different patterns that we observed.
Several treatments have been used for patients with ECD
and sclerosing mesenteritis (online supplemental table
1). In the present series, targeted therapies of ECD with
either BRAF or MEK inhibitors induced partial responses
in the majority of patients.
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CONCLUSION

This large retrospective series shows that abdominal pain
and peritoneal or mesenteric tumours may reveal or be
associated with histiocytosis. We emphasise the fact that
histiocytosis is a rare diagnosis to be made, but in those
cases where the most common diagnoses for a mesenteric
mass have been excluded, histiocytosis is a possibility to
take into consideration. We suggest that a PET scan may
ease this process of diagnosis by revealing secondary
localisation of histiocytosis. The majority of our patients
were initially misdiagnosed and there was an important
time delay. Molecular analysis is a major diagnostic tool
to confirm the diagnosis. Once the diagnosis of ECD is
achieved, targeted therapies may be highly efficient even
in those cases with peritoneal localisation.
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