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Abstract
Objectives
Histiocytic disorders are pathologic expansions of myeloid cells in multiple organs, including
the CNS. They share activation of the MAP kinase pathway due to either BRAFV600E variant or
other variants in the RAS-RAF-MEK-ERK pathway. The rarity and heterogeneity of the disease
only enable therapy through pathophysiologic considerations.

Methods
We present 2 histiocytosis cases without BRAF sequence variants that affect the CNS, one with
Erdheim-Chester disease and the other with an unspecified histiocytosis, and their diagnostic
and therapeutic challenges.

Results
In both cases, comprehensive analysis of the RAS-RAF-MEK-ERK signaling pathway secured
the diagnosis. Treatment with the MEK inhibitor cobimetinib brought the disease to a com-
plete halt. However, side effects such as thrombosis and serous macular edema made it nec-
essary to reduce cobimetinib dosage. Low-dose cobimetinib maintenance medication was
successful in preventing recurrence of histiocytic disease.

Discussion
CNS involvement of histiocytic disorders can lead to detrimental neurologic symptoms. MEK
inhibitors are effective treatment options for some of these patients. Since side effects are
common, according to our cases we propose a low-dose treatment of 20 mg per day to balance
treatment effects with side effects.

Classification of Evidence
This case report provides Class IV evidence. This is a single observational study without controls.

MORE ONLINE

Class of Evidence
Criteria for rating
therapeutic and diagnostic
studies
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Introduction
Histiocytoses encompass several rare conditions that can be best described as inflammatory
myeloid-derived neoplastic disorders.1 They are characterized by a proliferation of myeloid cells,
mainly tissue-resident macrophages or dendritic cells, presenting with an inflammatory infiltrate
that is mostly responsible for the organ-specific lesions and symptoms. Of 5 distinguished groups
of histiocytosis, the most prominent "L" group consists of Langerhans cell histiocytosis and
xanthogranuloma syndrome, both mainly affecting children, and Erdheim-Chester (ECD)
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syndrome.2 ECD represents a non-Langerhans cell histiocytic
disorder with multiorgan infiltration of CD68+CD1a– histio-
cytes. In up to 90%, sclerosis of the long tubular bones occurs,
often without symptoms. CNS involvement occurs in 30%–50%
of cases and is the main predictor of a poor prognosis.3 Patients
with CNS-associated symptoms most often suffer from central
diabetes insipidus, ataxia, nerve palsy, or cephalgia.1 Up to 25%of
patients develop exophthalmos due to retrobulbar infiltrates.
Altered RAS-RAF-MEK-ERK signaling because of somatic
variant of the BRAF proto-oncogene at the codon V600
(BRAFV600E) is the most common genetic alteration associated
with the disease.4 Detection of the variant is important as
treatment options with BRAF inhibitors such as vemurafenib are
available.5 For those 50% of patients with wild-type BRAF, clear
treatment options are missing. Because histiocytic disorders have
been proposed to be ERK-dependent, treating patients with
BRAF wild-type histiocytosis with the MEK1/MEK2 inhibitor
cobimetinib has been suggested6 and in few cases performed7

(eFigure 1). In this study, we present 2 patients with L-type
histiocytosis with prominent CNS involvement and complete
and long-term response to cobimetinib treatment.

Case Presentations
Case 1
In 2016, a 51-year-old man suffered a traumatic knee injury.
Right knee MRI showed symmetric sclerosis of the femur,
consistent with asymptomatic ECD. Four years later, he ex-
perienced dysarthria and dizziness, followed by ataxia and fine
motor dysfunction. An MRI scan in March 2020 showed
subcortical T2 lesions in the right superior frontal gyrus, right
peritrigonal region, left centrum semiovale, and left central
region as well as cerebellar and subcortical contrast

enhancement.MRI of the spinal cord showed no abnormalities.
However, osteolytic lesions were found in the 10th thoracic
vertebra. CSF analysis was without any pathologic findings. A
vertebral biopsy confirmed ECD diagnosis, revealing foamy
CD68-positive macrophage accumulation (Figure 1) and wild-
type BRAF. Oral administration of cobimetinib 60 mg/d for 21
days followed by a 7-day break was started in May 2020. Be-
cause of diarrhea, treatment was reduced to 40 mg cobimetinib
per day. Neurologic symptoms stabilized with medication. In
early 2021, the patient experienced blurred vision in the left eye
and was diagnosed with a central retinal vein thrombosis of the
left retinal vein and cystic macular edema of both eyes. As-
suming the symptoms were treatment-related, cobimetinib was
stopped. In the following months, there was progressive gait
instability and newMRI lesions. This led to a second treatment
course in July 2022, which was subsequently discontinued be-
cause of persistent diarrhea. Cobimetinib was resumed in July
2023 at 20 mg/d with 7 days off per month; neither symptom,
MRI progression, nor side effects occurred as of November
2023 (Figure 1).

Case 2
In 2016, a 39-year-old woman experienced menstrual irreg-
ularities and weight gain. A brain MRI identified a tumor
located at the infundibulum of the pituitary gland. CSF
revealed lymphocytic pleocytosis (63 cells/μL) and positive
oligoclonal bands selectively in the CSF (type 2) without
other pathologic findings. In the biopsy of the infundibular
mass, cellular morphology was suspicious for a histiocytic
tumor presenting a strong CD68 positivity. Lesions contained
CD3-positive T cells, CD20-positive B cells, as well as a strong
gliosis with GFAP and S100 reactivity. Phosphorylation of
STAT1 and STAT3 led to the differential diagnosis of neu-
rosarcoidosis.8 A thoracical and abdominal CT scan as well as

Figure 1 Case 1: MRI and Histology of Erdheim-Chester Syndrome

The patient presenting with subcortical
edematous lesions in T2-weighted cra-
nialMRI (A) before treatment in 06/2023
and (B) under therapy with cobimetinib
20 mg/d in 09/2023. (C) Contrast-en-
hanced T1-weighted MRI in coronar
orientation of the area marked with an
arrow in (A) in 06/2023. (D) T1-weighted
cranial MRI in coronar orientation of the
area marked in (B) in 09/2023 under
therapy with 20 mg/d cobimetinib. He-
matoxylin staining of vertebral tissue
showing (E) reactive lymphocytes and
some multinucleated giant cells as well
as (F) kidney eosinophils. (G) Histiocytes
were CD68-positive.
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an FDG-PET remained without suspicious findings for me-
tastases or lymphadenopathy. As cerebral lesions progressed
to the left parahippocampal gyrus and temporal lobe, lacking
tumor characteristics, but with signs of inflammation in the
CSF, the patient underwent infliximab treatment from April
2017 to September 2017. Owing to progression, treatment
was changed to rituximab for 2 cycles. However, neither rit-
uximab nor steroids or tofacitinib were able to halt enlarge-
ment of the inflammatory mass. Infiltration of the optic tracts
and chiasm caused bitemporal hemianopsia. In addition,
hyperintensities on T2-weighted images with contrast en-
hancement in T1 appeared in the inferior third ventricle,
medial part of the left temporal lobe, subcortical area of the
right frontal lobe, and right cerebellum (Figure 2). Histology
from the transsphenoidal tumor resection in 2019 was, again,
suggestive of histiocytosis without further specification. Tar-
geted NGS did not reveal oncogenic sequence variants;
however, a strong phosphorylation of ERK was detected, in-
dicating activation of the end-stage RAS/MEK pathway
(Figure 2). This made histiocytosis, not otherwise specified,
without the BRAFV600E variant the most likely diagnosis.
Cobimetinib treatment in March 2021 led to the regression of
MRI lesions and contrast enhancement within 3 months.
However, in April 2021, the patient developed dyspnea attrib-
uted to pulmonary embolism, prompting a reduction in cobi-
metinib dosage from 60 mg to 40 mg per day. In follow-up
examinations, macula edema and reduction of cardial functions
were recorded. After remission of the tumor lesions, no new
neurologic symptoms occurred. However, bilateral hemianopsia
and reduced vision in the left eye remained, presumably because
of irreversible damage during transsphenoidal surgery. Because
the patient showed no signs of disease activity, the cobimetinib
dose was further reduced to 20 mg/d in March 2023. Follow-up

brain MRI, in June and finally in December 2023, revealed no
contrast enhancement or enlargement of lesions (Figure 2). No
side effects were recorded.

Discussion
Both cases of histiocytic disorders without BRAF sequence
variants that affect the CNS exhibit remarkable treatment
responses to the MEK inhibitor cobimetinib, even at reduced
dosage.

Histiocytosis with affection of the CNS is rare. To facilitate
treatment based on the underlying pathophysiology, a compre-
hensive evaluation is necessary, encompassing clinical assess-
ment, imaging, and histologic analysis.9 MRI lesions, particularly
subcortical lesions in ECD, can be misleading and nonspecific.
However, in the first case, CNS symptoms were preceded by
bone abnormalities suggestive of ECD and confirmed by biopsy
of the affected vertebra. In the second case, the findings were
less clear, requiring the consideration of alternative diagnoses
such as neurosarcoidosis and neoplasm. A brain biopsy revealed
dysregulation of the RAS-RAF-MEK-ERK pathway. Because
both patients lacked the BRAFV600E variant, the analysis of ERK
phosphorylation was decisive for treatment decisions.

In both our cases, cobimetinib resulted in clinical stabilization
and reduction in CNS infiltrates. This aligns with a prior study
where patients with histiocytosis were effectively treated using a
MEK 1/2 inhibitor, irrespective of their BRAFV600E variant sta-
tus.6 However, in both instances, suspected side effects such as
thrombosis and cystoid macular edema prompted a temporary
halt and subsequent dose reduction, as previously described
during cobimetinib treatment.10,11 MEK inhibitors have been

Figure 2 Case 2: MRI and Histology of Histiocytosis With Malignant Infiltration of the Optic Nerve and Chiasma

T2 FLAIR sequence in transversal ori-
entation (A) before treatment with
cobimetinib in 04/2019 and (B) under
therapy with cobimetinib in 06/2023.
(C) Contrast-enhanced (CE) T1 se-
quence in transversal orientation in
04/2019. (D) Strong reduction of con-
trast enhancement in CE T1 sequence
in transversal orientation in 06/2023.
(E–G) Cerebral tissue of histiocytosis
not otherwise specified obtained by
brain biopsy. (E) Morphological
evidence for histiocytes in hematoxy-
lin-eosin (H&E) staining as well as im-
munohistochemical detection of (F)
CD186 and (G) phosphorylated ERK
(pERK) suggesting a strong induction of
the end stage of the RAS-RAF-MEK-ERK
signaling pathway.
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approved for use in various cancers and tumor predisposition
syndrome.12-14 Because of the rarity of histiocytic disorders, there
are no trials aiming for dose dependency of BRAF or MEK
inhibitors, but it is well know that most patients treated with
BRAF inhibitors relapse when treatment is stopped.15,16

In conclusion, in these 2 cases of histiocytosis involving the
CNS, even low-dose cobimetinib effectively mitigated the
pathologic activation of the RAS-RAF-MEK-ERK pathway.
This was recorded with clinical and imaging outcomes. Given
the observed adverse effects, a general dose reduction in
histiocytosis is warranted. Thus, we suggest a treatment ap-
proach of histiocytic disorders lacking the BRAFV600E variant
with cobimetinib 60 mg/d until remission, followed by
maintaining the response with a low dose of 20–40 mg/d.
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