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Atypical meningeal localization of classical hairy cell leukemia
with an impressive response to rituximab and cladribine
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Abstract

Hairy cell leukemia (HCL) is a rare lymphoproliferative disorder classically present-

ing with cytopenia and recurrent infections but atypical manifestations such as bone

lesions, skin lesions and effusion have been described.

We report here an unusualmeningeal localization in a 33 years oldmanwho presented

with headache, hand paresthesia and visual symptoms. Brain magnetic resonance

imaging revealed an occipital meningeal lesion. Diagnostic explorations led to the diag-

nosis of classical HCL with meningeal localization. After treatment by cladribine and

rituximab the patient rapidly improved and is still in complete remission 12 months

after end of treatment.

The literature review identified9other casesofHCLwith central nervous system local-

ization (CNS) presenting with brain parenchyma and/or meninges localization. Four

out of 9 patients presented with hyperleukocytosis. Most patients experienced good

responses with various treatments. Cladribine alone or with rituximab led to complete

responses similar to our patient. In our patient,molecular biology revealedKLF2muta-

tions, which implication in the atypical localization could be suspected but would need

dedicated studies.

In conclusion, CNS localizations of HCL are rare but can be observed and treatment

with cladribine alone or with rituximab appears as an effective strategy.
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Hairy cell leukemia (HCL) is a rare B-cell malignancy, with 1.100 new

patients each year in the United States. HCL mostly involves men with

a 4 to 1 ratio and a median age of 60 years old. Frequent manifesta-

tions at diagnosis include infections, splenomegaly, and/or cytopenias

[1]. ClassicalHCLmust be differentiated fromotherHCL-like disorders
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like hairy cell leukemia variant, splenic diffuse red pulp lymphoma, or

splenic marginal zone lymphoma. Classical HCL cells express charac-

teristic markers: CD11c, CD25, CD103, and CD123. Expression of at

least three of these markers is required for the diagnosis and is con-

sidered a surrogate of the disease [2]. Purine nucleoside analogs are
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F IGURE 1 (A, B)Magnetic resonance imaging (MRI) at diagnosis showing the parieto-occipital lesion in T1 sequences, axial (A), and sagittal (B).
(C, D)MRI at 3months post-treatment, T1 sequences with gadolinium injection, axial (C), and sagittal (D). (E–G)Meningeal biopsy. (E)
Meningothelial tissue infiltrate in Hairy cell leukemia (HCL) is diffuse and does not form nodular aggregates. The hairy cells appear round and
monotonous. The cytoplasm appears clear and hairy projections are not evident on routine Haematoxylin-Eosin Saffron (HES) staining (×200).
(F) All the cells show strong andmembranous labeling with B cell markers such as CD20 (×200). (G)Most of the cells are labeled with CD25 from a
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the standard of care therapy for symptomatic HCL, with high com-

plete response rates (80-90%) and a 90% overall survival at 10 years.

However, 50% of the patients will eventually relapse within 5 years of

frontline treatment andwill require subsequent therapy [1, 3, 4].

It has been described that Hairy cell leukemia (HCL) can rarely

manifest with atypical clinical findings, such as lytic bone lesions, effu-

sions, skin lesions, bulky mass as well as autoimmune complications

[5–7]. We report here an unusual case of classical HCL with meningeal

localization at diagnosis.

A 33-year-old man began to complain of constant headaches in the

occipital area associated with short-lasting crises of dizziness. In Jan-

uary 2022, the symptoms worsened with intermittent bilateral hand

paresthesia and recurrent episodes of right lateral homonymous hemi-

anopsia. Neurological examination at that time was strictly normal

between crises. There was no altered general state or B symptoms.

Clinical examination found isolated splenomegaly (6 cm below the

costal margin). A brain magnetic resonance imaging (MRI) was per-

formed and revealed osteolysis with a contiguous parieto-occipital

lesion (Figure 1A,B). This meningeal lesion measured 10 mm in width

and 60mm in height.

Laboratory tests showed minor nonregenerative normocytic ane-

mia (12 g/dL), monocytopenia, normal platelets, and total white blood

cell countwith the presence of 12%of atypical lymphocytes (0.25G/L).

Peripheral blood lymphocyte immunophenotyping by flow cytometry

found a monotypic population CD20 (+), lambda (+), CD5 (-), CD10

(+) with strong expression of CD25, CD11c and CD103 in favor of

classical HCL. Given the unusual localization, a meningeal biopsy was

performed and concluded a localization of the HCL (Figure 1E–G).

Bone Marrow aspirate immunophenotyping by flow cytometry was

as follows: CD20 (+), CD5 (-), CD10 (+), CD23 (-), CD25 (+), CD11c

(+) and CD103 (+). Cerebro-spinal fluid evaluation by cytology and

flow cytometry did not reveal HCL cells. A bone marrow biopsy

confirmed a massive infiltration (90%) by the HCL cells. By immuno-

histochemistry on paraffin-embedded tissues, tumor cells were CD20

(+), CD25 (+), DBA44 (+/-), Annexin A1 (+/-), CyclineD1 (-/+), CD5

(-), SOX11 (-), CD200 (+), CD103 (+), CD123 (+) and BRAFp.V600E

(+) (Figure 1H–J.) 18F-fluorodeoxyglucose positron emission tomog-

raphy scan (PET scan) exhibited mild hypermetabolism of the spleen,

coelio-mesenteric and lombo-aortic lymphnodes (SUVmax: 5,1) aswell

as diffuse bonemarrow hypermetabolism.

Regarding molecular biology, the mutational status of the

Immunoglobulin heavy chain locus revealed a VH1-69 rearrange-

ment with a mutated status (93% of homology) in the blood, bone

marrow, and meningeal biopsy. Next-generation sequencing analysis

(NGS) of the three samples found a BRAF V600E mutation accompa-

nied by a synonymous BRAFmutation on the same allele (BRAF A598)

and mutation of KLF2 in the known S275N hotspot as well as KLF2

intronic mutations. Lastly, only the meningeal biopsy displayed an

additional intronic mutation of KLF2 on an AID motif (variant allele

frequency of 36%).

Altogether, a diagnosis of classical hairy cell leukemia was retained,

although the central nervous system (CNS) localization was atypi-

cal. The patient started treatment with rituximab and cladribine (8

cycles ofweekly injection of rituximab and one course of subcutaneous

cladribine for 5 days) in May 2022. Neurological symptoms rapidly

improved upon treatment initiation with the patient achieving full clin-

ical recovery as well as correction of cytopenias. At three months

post-treatment evaluation, blood and marrow immunophenotyping by

flow cytometry revealed no tumoral cells. No tumoral cells were iden-

tified in the bone marrow biopsy. Brain MRI showed near complete

regression of the lesion and the PET scanwas negative (Figure 1C,D).

This unusual case described an uncommon presentation of HCL.

CNS localizations of HCL have rarely been reported and we describe

here an exhaustively documented case, including molecular data.

Indeed, few cases with CNS localizations were reported and are

summarized in Table 1, with involvement of the brain parenchyma

and/or meninges. It is interesting to note that 4/9 cases exhibited

hyperleukocytosis at diagnosis. Most patients experienced good

responses to various treatments. Our patient demonstrated a fast and

impressive response to rituximab and cladribine treatment. Twelve

months after treatment completion the patient is still in complete

remission. Cladribine is highly efficient in HCL and is known for its

efficient passage of the blood-brain barrier (BBB). Thus, cladribine

could be particularly interesting in treating CNS localization of HCL.

RituximabBBBpenetration is lower but the associationwith cladribine

has been proven to be very effective in HCL according to recent data

[1]. In our case, a deep systemic and meningeal control of the disease

was obtained.

There is little data regarding the molecular biology of these atyp-

ical CNS localizations. Our patient harbors the classical BRAF V600E

mutation but also mutations in the KLF2 gene. KLF2 is the secondmost

mutated gene in HCL and encodes for Krüppel-like factor 2 which is an

important factor for B-cell homing to lymph nodes aswell as a negative

regulator of theNFκBpathway [8]. KLF2 knockdown in amurinemodel

led to reduced trafficking function and blood recirculation of B cells [9].

One could hypothesize that additional mutational hits on KLF2 could

further impair HCL cell trafficking ability and thus could explain the

atypical localization. Unfortunately, there is a lack of molecular data

from the other described cases thus itwould be very interesting to gain

insight into the genomic landscape of these uncommon patients.

weak to a bright intensity (×200). (H–J) Trephine bonemarrow biopsy at diagnosis. H(a): massive diffuse infiltration (×1.25). H(b): by
immunohistochemistry on paraffin-embedded tissues, tumor cells are strongly CD20 positive (×1.25). I: Morphological details on bonemarrow
core biopsy. I(a): interstitial infiltration of small lymphocytes with abundant cytoplasmwith variable preservation of background hematopoietic
elements, HES stain (×200). I(b): Gomori stain shows a little reticulum fibrosis (×400). I(c): Giemsa stain shows a characteristic "fried-egg"
appearance with abundant cytoplasm and extravasated erythrocytes surrounded by neoplastic cells. Some typical mast cells could be observed
(×1000). J(a, b, c): By immunohistochemistry, tumor cells were strongly positive for CD123 (a), BRAF (b), and CD103 (c) (×400).
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We describe here an unusual case of HCL with CNS involvement.

Such cases are very rare but treatment with cladribine alone or asso-

ciated with rituximab leads to impressive responses. Additional work

and molecular studies are needed to better understand these unusual

HCL presentations.
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