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Abstract

Hairy cell leukemia-variant is rare. Only a small number of cases have been reported in the literature with little cytogenetic
or molecular data available. In this study, we describe the clinicopathologic and genetic features of 23 patients with hairy cell
leukemia-variant (16 men and 7 women) with a median age of 70 years. Most patients had splenomegaly (90%),
leukocytosis (77%), and lymphocytosis (82%); no patients had monocytopenia. Histologically, the bone marrow biopsy
specimens showed a mixed pattern of predominantly interstitial and lesser intrasinusoidal infiltration by leukemic cells. In
bone marrow aspirate smears most cells had villous cytoplasmic features and a small nucleolus. We describe unusual sites of
hairy cell leukemia-variant involvement in 4 patients, including brain, omentum, terminal ileum, and skin at the time of
initial presentation. Immunophenotyping showed monotypic B-cells positive for pan B-cell antigens, CD11c, and CD103,
and negative for CD25 and annexin Al. Conventional cytogenetic or fluorescence in situ hybridization analysis showed
deletions of 17p13/TP53 and 11q22/ATM gene in 5/12 (42%) and 2/9 (22%) cases, respectively. Sequencing of the variable
region of /IGVH showed mutations (>2% deviation from germline) in 40% of the cases assessed. MAP2K mutation (p.
C121S) was seen in 1 of 14 (7%) patients tested. No BRAF V600E mutations were detected. The patients were treated in a
heterogeneous manner, but most often with therapies designed for classical hairy cell leukemia and the 5-year overall
survival was 84%. In summary, hairy cell leukemia-variant exhibits a heterogeneous spectrum of clinical, morphologic,
immunophenotypic, and genetic features that may overlap with classic hairy cell leukemia and other hairy cell-like B-cell
neoplasms. A subset of patients can have an aggressive clinical course. In our experience MAP2K mutations are uncommon
in this disease.

Introduction

Hairy cell leukemia-variant is a rare neoplasm that was first
recognized by Cawley et al. [1] who proposed the desig-
nation type II hairy cell leukemia. Almost 40 years later,
hairy cell leukemia-variant is included in the current World
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Health Organization (WHO) classification as a provisional
entity [2] and is defined as a B-cell chronic lymphoproli-
ferative disorder that resembles classical hairy cell leuke-
mia, but exhibits a number of variant clinical, laboratory,
and morphologic features. Hairy cell leukemia-variant
typically involves the spleen, bone marrow and peripheral
blood and patients are often resistant to conventional ther-
apy used to treat classical hairy cell leukemia [3].

In part, the provisional status of hairy cell leukemia-
variant in the current WHO classification can be attributed
to an overall lack of clinicopathologic and genetic studies
available in the literature, presumably because the disease is
rare. To our knowledge, there are only a limited number of
patient cohorts and case reports focusing on hairy cell
leukemia-variant in the literature [4-9]. These series are, in
general, small and they lack comprehensive data on histo-
pathologic features, cytogenetic, or molecular findings, as
well as data on therapy and follow-up. There is an obvious
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need to report additional cases of hairy cell leukemia-
variant that have undergone a comprehensive workup
including molecular data.

The aim of this study is to better characterize the clin-
icopathologic and molecular features of hairy cell leukemia-
variant. We report our single institution experience of 23
cases and our study includes clinicopathologic features,
immunophenotypic data, and the results of conventional
cytogenetic and molecular studies.

Materials and methods
Study group

We searched the files of the Department of Hematopathol-
ogy at The University of Texas MD Anderson Cancer
Center from 1 January 2001 through 31 December 2017 for
cases diagnosed as “hairy cell leukemia”, either classical
hairy cell leukemia or hairy cell leukemia-variant. We
identified 24 cases of hairy cell leukemia-variant, of which
23 cases had blood, bone marrow aspirate smears, and bone
marrow biopsy sections available for review. One case of
hairy cell leukemia-variant was diagnosed based on a
splenectomy specimen and not included in this study due to
lack of bone marrow material (Fig.1). The diagnosis of
hairy cell leukemia-variant was based on criteria described
in the current WHO classification [3]. One of these cases
has been reported previously [6].

We performed a retrospective review of the medical
records for all relevant clinical data, demographic infor-
mation, therapy, and clinical follow-up. We also reviewed
imaging studies for evidence of splenomegaly, hepatome-
galy or lymphadenopathy. Splenomegaly was defined as a
palpable spleen (=5 cm below the left costal margin) and/or
increased spleen size by magnetic resonance imaging or
computerized tomography scans. The study was conducted
under an Institutional Review Board—approved protocol.

366
Hairy cell leukemia

24

Hairy cell leukemia-variant Hairy cell leukemia-variant

with available bone marrow Spleen specimen only

Fig. 1 Study cases selection
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Histopathologic assessment

Bone marrow specimens obtained at initial diagnosis and/or
follow-up were evaluated in all cases. Hematoxylin and
eosin—stained slides of core and/or aspirate clot specimens,
with corresponding Wright—Giemsa-stained aspirate smears
and/or touch imprints, and peripheral blood smears were
reviewed. Multiple specimens were reviewed in 14 patients,
including splenectomy (n = 4), liver biopsy (n = 3), lymph
node biopsy (n=2), omental mass biopsy (n=1), and
brain biopsy (n = 1) specimens.

Cytochemical and immunohistochemical studies

Cytochemical studies for acid phosphatase and tartrate-
resistant acid phosphatase were performed on bone marrow
aspirate smears in a subset of cases. Immunohistochemical
analysis was performed on formalin-fixed, paraffin-
embedded tissue sections of bone marrow aspirate clot
and/or biopsy specimens, either at the submitting institution
or in our own laboratory. For the latter, heat-induced epi-
tope retrieval with an avidin-biotin complex method was
used, and staining was performed using an automated
immunostainer (Ventana Medical Systems, Tucson, AZ) as
described previously [10]. A variable number of antibodies
was used to evaluate these cases over time and included
CD3, CD20, PAXS, cyclin D1, annexin Al, DBA.44, VE-1
(BRAF V600E), and p53.

Flow cytometry immunophenotypic analysis

Multicolor flow cytometric immunophenotypic analysis was
performed using bone marrow aspirate specimens, either at
the submitting institution or in our laboratory. In all cases,
at least 4-color analysis was performed and lymphocytes
were gated for analysis using CD45 and side scatter. The
antibody panels used in different institutions were highly
variable, but most panels included antibodies specific for:
CD3, CD4, CD5, CD8, CD10, CDl1c, CD19, CD20,
CD23, CD25, CD43, CD45, CD56, CD79b, CDI103,
CD200, and surface immunoglobulin (Ig) light chains. In
our institution, the specimens were analyzed using FACS-
Calibur cytometers (BD Biosciences, San Jose, CA) before
2009, and with FACSCanto II instruments (BD Bios-
ciences, Mountain View, CA) after 2009 as described pre-
viously [11].

Cytogenetic studies

Conventional cytogenetic analysis was performed on G-
banded metaphase cells prepared from bone marrow aspi-
rate specimens as has been described [12]. Twenty meta-
phases were assessed, and the results were described using
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Table 2 Bone marrow histologic findings in 23 patients with hairy cell leukemia-variant
Case # BM BM leukemic Primary Secondary Cell size Projections Nucloli Amount of  Dysplasia
cellularity, % involvement, %  pattern pattern cytoplasm
1 60 34 Interstitial Intermediate Yes Inconspicuous Moderate No
2 70 17 Interstitial ~ Sinusoidal Intermediate Yes Inconspicuous Moderate Yes
3 40 80 Interstitial Large Yes Prominent Moderate No
4 70 80 Interstitial Large Yes Prominent Abundant No
5 50 28 Interstitial ~ Sinusoidal Large Yes Prominent Abundant No
6 80 73 Interstitial ~ Sinusoidal Intermediate Yes Prominent Moderate No
7 40 50 Interstitial ~ Sinusoidal Intermediate Yes Prominent Abundant No
8 50 20 Interstitial Intermediate Yes Prominent Moderate No
9 30 15 Sinusoidal  Interstitial Intermediate Rare No Abundant No
10 30 20 Sinusoidal  Interstitial Small Yes Rare Abundant No
11 40 50 Interstitial ~ Sinusoidal Intermediate® Yes Rare Abundant No
12 90 80 Interstitial ~ Sinusoidal Intermediate Yes Rare Abundant No
13 80 80 Interstitial Intermediate Rare No Abundant Mild
14 60 40 Interstitial Sinusoidal Intermediate Yes Rare Moderate No
15 95 84 Diffuse Interstitial Large Yes Prominent Abundant No
16 30 40 Interstitial ~ Nodular Intermediate Rare Prominent Moderate No
17 95 50 Interstitial Intermediate Yes No Moderate No
18 85 70 Diffuse Interstitial Small Yes No Moderate No
19 30 10 Interstitial Intermediate Yes Prominent Moderate No
20 40 10 Interstitial ~ Sinusoidal Small Rare No Moderate No
21 80 90 Diffuse Large Yes Prominent Moderate No
22 95 70 Interstitial Intermediate- Yes Prominent Moderate No
to-large
23 20 83 Interstitial ~ Sinusoidal Intermediate Yes Prominent Moderate No

BM bone marrow

“Follow up bone marrow shows increased number of large cells with irregular nuclei, nuclear clefts and prominent nucleoli, more open chromatin.

Flow shows increased population of large cells

diagnosis to the date of death or last follow-up. A P value of
less than 0.05 was considered statistically significant.

Results
Clinical data

The study group included 16 men and 7 women with a
median age of 70 years (range, 50-89 years) at time of
initial diagnosis. The clinical and laboratory features are
summarized in Table 1. Clinical symptoms were variable
and included left upper quadrant abdominal pain (n=15)
and B-type symptoms (n = 2). Some patients had symptoms
attributable to cytopenias. Nine patients were asymptomatic
and the diagnostic workup was triggered by an incidental
detection of leukocytosis during routine physical examina-
tion or during evaluation of other medical conditions.
Splenomegaly was detected either by physical exam-
ination or computerized tomography imaging in 19 (90%)

patients. Lymphadenopathy was detected by imaging stu-
dies in 6 of 17 (33%) patients, often involving abdominal or
retroperitoneal nodes. Hepatomegaly was present in 5 of 18
(28%) patients. In four patients, there was involvement of
other unusual tissue sites including the brain, omentum,
terminal ileum, and skin.

Laboratory findings

A complete blood count was available for 22 patients. Ane-
mia was present in 12 (55%) patients with a median hemo-
globin concentration of 11.6g/dL (range 6.7-16.2 g/dL
[reference range 14—18 g/dL]). Seventeen (77%) patients
presented with thrombocytopenia with a median platelet count
of 104x10°/L (range, 21-295x 10°L  [normal range,
140-440 x 109/L]). Leukocytosis was present in 17 (77%)
patients with a median leukocyte count of 22.0x 10°/L
(range, 4.2-74 x 10°/L [reference range, 4-11 x 109/L]). The
median absolute lymphocyte count was 18.6 x 10°/L. (range,
1.3-72.0 x 10°/L) with median percentage of 75% (range, 31
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Fig. 2 Bone marrow trephine biopsy showing involvement by hairy
cell leukemia-variant with predominant interstitial pattern (a hema-
toxylin and eosin, x200), highlighted by CD20 and DBA.44
(b, ¢ immunohistochemistry, x200). Bone marrow involvement by
hairy cell leukemia-variant with sinusoidal pattern which is difficult to

to 90%). An absolute lymphocytosis was present in 18 of 22
(82%) patients. None of the patients had monocytopenia. The
serum lactate dehydrogenase level was within normal limits in
8 (44%) patients and above the upper limit in 10 (56%)
patients (median 653 U/L, range 363—1045). The serum total
calcium was within normal range in 17 (95%) patients and
decreased in 1 (5%) patient (median, 9.2 md/dL; range,
7.3-10.0).

Histopathologic features
Bone marrow and peripheral blood

Bone marrow core biopsy sections and aspirate smears were
examined for all 23 patients and the data are summarized in
Table 2. The overall bone marrow cellularity ranged from
30 to 95%, with at least some residual trilineage hemato-
poiesis observed in all cases. The median bone marrow
tumor burden was 50% (range, 10-90%). The tumor
showed a predominantly interstitial pattern of infiltration
within the bone marrow in 22 (95.7%) of 23 patients
(Fig. 2a—c). In 12 (52%) patients, some degree of sinusoidal
pattern of infiltration could be appreciated (Fig. 2d—f). The
sinusoidal pattern was prominent in 2 patients (#9 and #10),
both of which showed a low tumor burden (15 and 20%).
Three (13%) patients showed diffuse pattern of bone mar-
row involvement and | patient had an interstitial and nod-
ular pattern of infiltration. Staining for reticulin and

SPRINGER NATURE

appreciate on routine staining (d hematoxylin and eosin, x200).
Lymphoma cells form clusters in the sinusoids (arrowhead) high-
lighted by PAX5 (e immunohistochemistry, x200). High-power of
sinusoidal involvement highlighted by PAXS (inset) (f hematoxylin
and eosin, x1000)

trichrome was performed in 8 cases and 6 (75%) showed
variable fibrosis; mild (MF-1) in 3 cases and dense (MF-3)
in 3 cases.

The peripheral blood smears showed circulating lym-
phocytes with “hairy” frayed cytoplasmic edges in all
patients. In blood and bone marrow smears the leukemic
cells were predominantly intermediate-to-large in size
with moderate to abundant lightly basophilic cytoplasm
with delicate projections and round to oval nuclei; how-
ever the cytomorphology varied within and between
individual cases (Fig.3). Distinct nucleoli were present in
14 (61%) cases, occasional inconspicuous nucleoli were
observed in 6 (26%) cases, and nucleoli were not identi-
fied in 5 (22%) cases. Atypical nuclear features such as
irregular nuclear contours, clefted nuclei or blastoid
chromatin were seen in 2 (9%) patients (cases #4 and
#11). In patient #11, the initial diagnostic bone marrow
smears showed predominantly intermediate-sized cells
with condensed chromatin, rare cells with prominent
nucleoli and occasional intermediate-to-large-sized nuclei
with occasional nuclear clefts. At the time of relapse (8
years later) bone marrow smears showed predominantly
large leukemic cells with irregular nuclear contours, fre-
quent forms with nuclear clefts, open chromatin with
prominent single large nucleolus (Fig. 3c—e). Tartrate
treated acid phosphatase was performed on bone marrow
smears in 15 cases; 8 cases were weakly positive and the
remaining 7 cases were negative.
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Fig. 3 Peripheral blood smear in case #12 showing neoplastic lym-
phocytes with light basophilic cytoplasm and delicate villous/*hairy”
projections (a hematoxylin and eosin, x400; inset, x1000). Bone
marrow aspirate smear in patient #15 showing leukemic cells with oval

Immunophenotypic findings

The results of immunophenotypic studies are summarized in
Table 3. Immunohistochemical studies showed that the
neoplastic cells were positive for CD20 and PAX-5 in all
cases assessed. DBA.44 (CD72) was strongly expressed in
14 of 15 (93%) cases. The neoplastic cells were negative for
annexin A-1 (n=18), cyclin D1 (n=10), and BRAF
V600E (n=7). Flow cytometry immunophenotyping
showed that the leukemia cells had a mature B-cell immu-
nophenotype, positive for CD19, CD20, CD22, and CD79b
in all cases. The leukemic cells were also positive for
CDllc (100%; bright), CD52 (100%), CD103 (95%;
usually bright), FMC7 (91%; bright), and CD200 (58%;
dim). The neoplastic cells expressed monotypic surface
immunoglobulin light chains in 20 of 22 cases (10 kappa
and 10 lambda) with bright expression in 12 of 19 (63%) of
cases. CD25 expression was uncommon, observed in only 3
(14%) cases and was usually dim/partial (Fig. 4). CD123
was performed on only 1 case and it was positive. The
neoplastic cells were negative for CDS, CD10, CD23,
CD38, and CD43. In 13 patients, flow cytometry

e ¢

o6, . @
L)) © < r 4
» e
I8 ® o
nuclei, dispersed chromatin and small nucleoli (b hematoxylin and
eosin, x400; inset, x1000). Leukemic cells with binucleation, con-

voluted nuclei (c, d, case #11) and blastic chromatin (e case #11 and
f case#d) (c—f Wright-Giemsa, x1000)

immunophenotyping was performed at multiple time points
during the course of therapy and the immunophenotype was
similar to the diagnostic specimen, with the exception of
CD20 being negative in patients receiving rituximab.

Histopathologic findings in other sites

Five patients underwent splenectomy and spleen specimens
were available for review in four patients. Grossly, the
spleen was enlarged in all four patients with a median
weight of 2465 g (range, 1740-4500). Histologic sections
showed extensive infiltration of red pulp cords and sinu-
soids by a monomorphous infiltrate of lymphoid cells with
variably prominent nucleoli and moderately abundant
cytoplasm (Fig. S5a—d). Red blood cell lakes were noted in 1
patient (case #4).

In addition, six patients had biopsy proven hairy cell
leukemia-variant involving unusual sites including the liver,
lymph node, brain, omentum, terminal ileum, and skin. The
three patients with liver biopsies showed leukemic infiltra-
tion of the portal tracts and leukemic cells within dilated
sinusoids. Two patients showed lymph node involvement

SPRINGER NATURE
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Fig. 4 Flow cytometry immunophenotypic analysis. a Peripheral blood
of case #l: kappat+/CD19+/CD20+4/CD79b+/CD11c+/CD103
+/CD25—/CD200—; b Bone marrow aspirate of case#3: monotypic

(cases #4 and #22). The nodal architecture was effaced by
sheets of monotonous, intermediate-to-large in size lym-
phoid cells with abundant cytoplasm and irregular nuclear
contours, many of which showed prominent nucleoli.
Infrequent mitotic activity and increased large cells were
noted both patients (Fig.5e—h). The infiltrate expanded the
interfollicular areas with rare residual follicles (best appre-
ciated by CD21 immunostain). The biopsy specimen of an
omental nodule showed fibro-adipose tissue with areas of
hemorrhage containing atypical lymphocytes. The brain
biopsy specimen (case #3) showed clusters of inter-
mediately sized lymphoid cells with variably open chro-
matin, distinct nucleoli, and a moderate amount of
cytoplasm involving brain parenchyma associated with
areas of hemorrhage (Fig.5j, k). The immunophenotype of
leukemic cells in the unusual sites was similar to that
described in the bone marrow infiltrate.

Cytogenetic findings

Conventional karyotypes performed on bone marrow aspi-
rates were available in 17 patients (Table 4). Twelve (71%)
patients had an abnormal karyotype. A complex karyotype,
defined here as three or more chromosomal aberrations, was
present in five (29%) patients. Recurrent aberrations inclu-
ded loss of Y (n=4), 17p abnormalities (n =3) and del
[18q] (n=3).

FISH analysis showed TP53 deletion or monosomy 17 in
5 of 12 (42%) cases with a median percentage of positive
nuclei of 47% (range, 41.5%-96%); of note, only 1 of these
cases was also detected by conventional cytogenetics as part
of a complex karyotype. ATM deletion or monosomy 11

SPRINGER NATURE
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B-cell population, lambda+/CD19+4/CD20+/CD11c+/CD103+/

CD25dim/CD200dim

was detected in 2 of 9 (22.2%) cases analyzed by FISH of
which one was also detected by karyotype. One case
showed del[7q] by both conventional karyotype and FISH
analysis.

Molecular results

Thirteen of fourteen (93%) patients showed monoclonal
IGH rearrangements. Somatic hypermutation analysis was
performed in 10 patients; 4 (40%) patients showed mutated
IGHV. The IGHV4-34 variable region was utilized in 2
(20%) patients. No patients had BRAF mutations (n =9). In
1 of 14 (~7%) patients, a MAP2K1 mutation was detected in
codon 121, exon 3 (TGC to AGC) that would change the
encoded amino acid from cystine to serine (p.C121S).

Therapy and clinical follow-up

Treatment information and clinical follow-up were available
in 17 patients (Table 5). Combined chemoimmunotherapy
with cladribine (2-chlorodeoxyadenosine, 2-CDA) plus
rituximab was used in 11 patients. Multiple therapeutic
regimens were explored in 4 patients, all of whom showed
resistance to initial treatment with purine analogues as a
single agent or with rituximab. One patient received ritux-
imab alone and 1 patient did not receive treatment for hairy
cell leukemia-variant. Therapeutic splenectomy was per-
formed in 5 patients, either as a part of initial treatment or
during the course of the disease.

The median follow-up duration from initial diagnosis to
last follow-up or patient death was 37.3 months (range,
14-254 months). During the follow-up interval, 12 (70%)
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Table 3 Immunophenotypic characteristics of hairy cell leukemia-
variant

Marker Positive /Total Bright Dim/ Negative
cases studied Partial
Immunohistochemistry
CD20 21/21 (100%) 21 — —
(100%)
PAX-5 13/13 (100%) 13 — —
(100%)
DBA.44 14/15 (93%) 14 (93%) — 1 (7%)
Annexin-1 0/18 (0%) — — 18 (100%)
Cyclin D1 0/10 (0%) — — 10 (100%)
BRAF 0/8 (0%) — — 8 (100%)
Flow Cytometry
CD19 22/22(100%) 22 — —
(100%)
CD20 21/21(100%) 21 — —
(100%)
CD22 18/18 (100%) 18 — —
(100%)
CD7% 17/17 100%) 13 (77%) 4 (23%) —
CDll1c 21/21 (100%) 18 (86%) 3 (14%) —
CD103 21/22(95%) 19 86%) 2 (9%) 1 (5%)
CD25 3/22(14%) — 3 (14%) 19 (86%)
CD5 0/22 (0%) — — 22 (100%)
CD10 0/22 (0%) — — 22 (100%)
CD23 0/16 (0%) — — 16 (100%)
CD38 0/10 (0%) — — 10 (100%)
CD43 0/10 (0%) — — 10 (100%)
CD52 8/8 (100%) 8(100%) — —
CD200 7/12 (58%) — 7 (58%) 5 (42%)
FMC7 10/11 (91%) 10 O1%) — 1 (9%)
CD123 1/1 (100%) 1/1 — —
(100%)
Surface light 20/22 (91%) 12/19 7/19 2/22 (9%)
chains Kappa/ 10/10 (63%) (37%)

lambda

patients had at least one relapse and 6 patients had 3 or more
relapses, involving bone marrow or other extramedullary
sites (brain, liver and lymph node). One patient, developed
ataxia and aphasia with altered mental status at 15 months
while on therapy with cladribine. A computerized tomo-
graphy scan showed multiple brain lesions. Craniotomy and
brain biopsy confirmed involvement of the brain par-
enchyma by hairy cell leukemia-variant.

The five-year overall survival for the entire cohort was
85% and the median overall survival time was 89.2 months
(95% CI: 86.0-92.5) (Fig.6). At the end of the follow-up
interval, 11 (64.7%) patients were alive; 4 were without
disease activity (negative bone marrow studies and/or
negative flow cytometry of blood) and 7 had persistent/

relapsed hairy cell leukemia-variant disease. The remaining
six patients died: three died from hairy cell leukemia-variant
or its complications, and three died from complications
from other malignancies (two lung carcinoma, one primary
myelofibrosis). The patient with lung carcinoma had mini-
mal residual hairy cell leukemia-variant in bone marrow
(1.9%) detected by flow cytometry.

Second malignancies

Four patients in this study had a second malignancy. Two
patients developed lung adenocarcinoma, 17 and 92 months
after hairy cell leukemia-variant diagnosis and treatment
with cladribine. Two other patients had other concomitant
hematologic neoplasms: One patient (case 2) had chronic
myelomonocytic leukemia and hairy cell leukemia-variant
(~10% bone marrow involvement) diagnosed simulta-
neously. The hematopoietic cells in this case showed
moderate trilineage dysplasia. Treatment of hairy cell
leukemia-variant with cladribine and rituximab resulted in
remission within three months after which treatment for
chronic myelomonocytic leukemia was initiated. Another
patient (case 8) had primary myelofibrosis associated with
dense reticulin (MF-3) fibrosis first. This patient was treated
with a JAK2 inhibitor and later developed hairy cell
leukemia-variant. No data regarding the details of hairy cell
leukemia-variant therapy were available, but follow-up
bone marrow evaluation three months after hairy cell
leukemia-variant diagnosis was negative for residual hairy
cell leukemia-variant and showed persistent primary
myelofibrosis.

Discussion

We compared the clinical and pathologic characteristics of
this patient cohort to previously reported studies (Table 6).
Most patients with hairy cell leukemia-variant were elderly
men. The male-to-female ratio in this cohort was 2:1 and the
median age was 70 years. However, the male predominance
in hairy cell leukemia-variant is less pronounced than in
patients with classical hairy cell leukemia (reported male
predominance of 5-to-1) [4]. The most common clinical
manifestations of hairy cell leukemia-variant, such as
abdominal discomfort/pain and cytopenias, can be attrib-
uted to splenomegaly, hypersplenism, and/or bone marrow
infiltration [3, 16]. However, the advent of more sensitive
methods for detection of hairy cell leukemia-variant is
leading to diagnosis at an early stage with lower disease
burden. Thrombocytopenia and anemia were the most
common initial presentations seen in about half of the
patients in this cohort, followed by incidental detection
of leukocytosis and/or neoplastic lymphocytes in the
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Fig. 5 Spleen, lymph node and brain involvement by hairy cell
leukemia-variant. a—d Hairy cell leukemia-variant diffusely infiltrates
the red pulp of the spleen. Neoplastic cells display a fried egg
appearance (a hematoxylin and eosin, x200; b hematoxylin and eosin,
x1000). CD20 immunostain shows a diffuse replacement of the red
pulp with scattered CD3-positive T-cells (¢, d immunohistochemistry
with hematoxylin counter stain, x200). e-h Lymph node diffusely
infiltrated by hairy cell leukemia-variant. The infiltrate is characterized
by intermediate-sized lymphocytes with oval nuclei and moderately
abundant clear cytoplasm, some of the leukemic cells show prominent
nucleoli (arrowhead) (e hematoxylin and eosin, x200; f hematoxylin

peripheral blood. Overall, B-symptoms were uncommon in
patients with hairy cell leukemia-variant, in about 10%. In
most patients with leukocytosis, the elevation was moder-
ate, commonly 2040 x 10°/L. An absolute lymphocytosis
was present in about 80% of patients and the absolute
number and proportion of monocytes were normal or even
slightly elevated. These findings are in contrast to patients
with classical hairy cell leukemia who often present with
pancytopenia and monocytopenia.

Physical examination and imaging studies showed sple-
nomegaly, often massive, in over 90% of the patients in this
study. Hepatomegaly was documented in about 25% of
patients, in accord with a frequency of 14-30% reported by
others [5, 16, 17]. In the literature, intra-abdominal

SPRINGER NATURE

and eosin, x1000). Hairy cell leukemia-variant cells highlighted by
immunohistochemical B-cell marker CD20 admixed with background
small CD3-positive T-cells. (g, h immunohistochemistry with hema-
toxylin counter stain, x200). i—k Involvement of the brain by hairy cell
leukemia-variant (case #3): Multiple brain lesions by MRI (i). Brain
biopsy specimen showing brain parenchyma with hemorrhages
resembling blood lakes containing atypical lymphocytes (j hematox-
ylin and eosin, x100). High-power showing blastoid morphology of
hairy cell leukemia-variant cells highlighted by CD20 (inset)
(k hematoxylin and eosin, x400)

lymphadenopathy has been reported in 5-15% of patients
[16]. However, imaging studies in this cohort showed a
higher frequency of lymphadenopathy in about one-third of
patients involving abdominal, retroperitoneal, diaphrag-
matic, and axillary lymph nodes. Therefore, the imaging
studies are helpful in the diagnostic workup to detect lym-
phadenopathy and estimate the extent of the disease.
Involvement of sites other than spleen, peripheral blood,
and bone marrow by hairy cell leukemia-variant is rarely
documented, as isolated case reports of cutaneous lesions [16,
18] or a periarticular joint infiltration [19]. In this study, we
describe the pathologic features of unusual sites of involve-
ment including the brain, omentum, terminal ileum, and skin
developing during the course of disease. The patient with
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Table 4 Cytogenetic and molecular findings in 23 patients with hairy cell leukemia-variant

Case # Karyotype® FISH TP53 IGH SHM, BRAF MAP2KI
———— mutation %/VH used mutation
del[17p] ATM

1 46,XX[20] NA NA NA POS NEG, >98/ NA NEG

VH4-34
46,XX,ider[20](q10)del[20](q11.2q13.3)[20] NA NA NEG POS NA NA NEG
47,XY,del[7](q22q34),add[12](p13), + mar[12]/46,XY NEG NA NEG POS NEG/ VH4- NEG NEG
(8] 34

4 45,X,-Y,—9,del[11](q13q23), + 12,add[17](p11.2)[12])/ POS POS NA POS NEG/NA NA NEG

46,XY[8].
5 44.X,-X,der(3;17)(p10;q10),der[7]t(7;13)(q36;q1 1), POS NEG NA NA NA NA NA
—13, del[18](q21.1q22), 4 r[8]/ 46,XX[22]

6 43-46,X,-Y, del[3](p12p26),del[8](p11.2p23),del[10] POS NEG NA POS NEG, >98 NA c.362T>A
(p12p15), der[16]t(16;17)(q11.2;q12),—17,—18,add[18] /VH3-48 p.C121S
(923), + 1-2mar[cp9] /46, XY[11]
46,XY,t(5;7)(p15.3;q22)[4] /46,XY[15] NEG NEG NA POS NEG/NA NA NEG
46,XY[20] NEG NEG NA POS NA NA NEG
46,XY[20] NEG POS NA POS POS, 973/ NEG NA

VH7

10 46,XY[20] NEG NEG NA POS NA NA NA

11 47,XX, + 15[41/46,XX[16] NEG NEG NA POS POS, 97.3/ NA NA

NA

12 45,X,-Y[13]/46,XY[7] NA NA NA POS NEG/NA NEG NEG

13 46,XY,1(2;7)(p11.2;q22),add[14](p11.2) [12]/ 46, XY[8] NA NA NA NA NA NEG NEG

14 46,XY[20] NEG NEG NEG NA NA NEG NEG

15 46,XY,del[14](q22)[8], 46,sl,add[7](p15)[2], 46,sdl,del NA NA NA POS NEG, >98/ NEG NEG

[11](q22q23)[3], 46,XY[7] VHI1-69

16 NA NA NA NA NEG POS, 96/ NEG NEG

VH 3-9

17 NA NA NA NA NA NA NA NA

18 NA NA NA NA NA NA NA NA

19 NA NA NA NA NA NA NA NA

20 NA NA NA NA NA NA NA NA

21 NA NA NA NA NA NA NA NA

22 45,X,-Y[91/46,XY[11] POS NA NA NA NA NEG NEG

23 42,X,-Y,—2,—6,der[7]t(7;14;19)(q22;q31;q13.3) del[7] POS NA NA POS POS, 946/ NEG NEG

(q32), del[10](q22q24), del[12](q13q24), add[13](p13), VH3-23

der[14]t(7;14;19), add[17](p13), add[17](q22),—18,der
[19]t(7;14;19), + 2mar[5]/ 42,idem,del[1](q21q25),del
[81(p21p23)[15]

FISH fluorescence in situ hybridization, /GH immunoglobulin heavy chain clonality, NA not available, NEG negative, P positive, SHM somatic

hypermutation (% homology with germline /GH sequence)

¥Karyotype at initial diagnosis

brain involvement is of particular interest. During treatment
with cladribine he developed ataxia and aphasia with altered
mental status 15 months after initial diagnosis. Multiple
bilateral brain lesions were seen on imaging and biopsy
showed hairy cell leukemia-variant involving the brain par-
enchyma. To our knowledge, this is the first documented case
of leukemic involvement of the brain by hairy cell leukemia-
variant. Brain involvement is also rare in patients with clas-
sical hairy cell leukemia [20, 21].

Although the diagnosis of hairy cell leukemia-variant can
be made on peripheral blood, bone marrow biopsy, and
aspirate examination is crucial at the time of initial pre-
sentation. Bone marrow evaluation allowed an accurate
estimation of the extent of involvement at baseline to assess
future treatment response and provided sufficient material
for ancillary studies. Unlike in classical hairy cell leukemia,
in patients with hairy cell leukemia-variant, the bone mar-
row aspirate is often cellular with variable degree of tumor
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Table 5 Clinical outcome of patients with hairy cell leukemia-variant

Case # Treatment Relapses FU, m Status at last follow- Concurrent/ secondary neoplasm,
up m?*
Rituximab 1 37 Alive, PD
2CDA + Rituximab No 16 Alive, CR CMML, concurrent
*2CDA 2 37 Alive, CR
eRituximab
*Fludarabine and
cytarabine
4 Multiple regimens Multiple 88 DOD
*2CDA + Rituximab
*Splenectomy
*Pentostatin +
Cytoxan + Rituxan
*Rituximab + hyper-
CVAD
5 2CDA + Rituximab 1 74 DOD
6 *2CDA + Rituximab No 35 Alive, CR
*Splenectomy
7 2CDA -+ Rituximab No 22 DOC Lung cancer, 17 m
Lung cancer
8 Unknown Multiple 28 DOC Preexisting myelofibrosis
MF
9 2CDA -+ Rituximab Multiple 89 DOC Melanoma in situ, concurrent
Lung cancer MRD Invasive squamous carcinoma, 10 m
HCL Lung adenocarcinoma, 92 m
10 On observation only Persistent 14 Alive, PD
11 2CDA + Rituximab 2 122 DOD
12 *Rituximab Multiple 52 Alive, PD
*2CDA
eIbrutinib
13 Multiple regimens Multiple 254 Alive, PD
*2CDA
*Rituximab
eRituximab +
Bendamustine
e[brutinib
14 2CDA -+ Rituximab Unknown NFU Unknown
15 2CDA + Rituximab No 31 Alive, CR
16 2CDA Multiple 151 Alive, PD
17 *Splenectomy Unknown NFU Unknown
*Other therapy
unknown
18 *Splenectomy Unknown NFU Unknown
*Other therapy
unknown
19 *Splenectomy Unknown NFU Unknown
*Other therapy
unknown
20 Unknown Unknown NFU Unknown
21 Unknown Unknown NFU Unknown
22 2CDA + Rituximab 1 14 Alive, PD
23 2CDA + Rituximab 1 20 Alive, PD

2CDA cladribine, CMML chronic myelomonocytic leukemia, CR complete remission, DOC dead of other cause, DOD dead of disease, FU follow-
up, hyper-CVAD hyperfractionated chemotherapy with cyclophosphamide, vincristine, doxorubicin, and dexamethasone, m months, NFU no
follow-up, PD persistent disease

Indicates months after initial diagnosis for HCLv

SPRINGER NATURE
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Fig. 6 Kaplan—-Meier curve showing overall survival probability for
the patient series (n = 17)

involvement [3, 16]. This fibrosis was not associated with
the degree of lymphomatous infiltration. In one case, this
finding was most likely due to the underlying primary
myelofibrosis.

Hairy cell leukemia-variant cells on peripheral blood and
bone marrow aspirate smears are usually monomorphic,
small to intermediate in size with abundant cytoplasm,
cytoplasmic projections, and a single nucleolus. However,
none of these features is specific or constant in all cases.
Prominent nucleoli have been reported as a typical char-
acteristic of hairy cell leukemia-variant, they are not a
constant feature in all hairy cell leukemia-variant [7]. As
shown in our study, some hairy cell leukemia-variant cases
exhibited inconspicuous nucleoli (27%) or nucleoli were
not identified (23%). Therefore, the description of hairy cell
leukemia-variant as “prolymphocytoid” can be misleading.
Cases of hairy cell leukemia-variant usually display regular
nuclear contours [16]. Rare cases, however, are composed
of leukemic cells with convoluted nuclear contours, binu-
cleation or immature chromatin (blastoid variant) [16].
Nuclear atypia was seen in 2 (9%) cases in this cohort. In
one of those cases, the nuclear atypia developed over eight
years. A second case presented to our institution with
blastoid morphology, extensive bone marrow involvement,
and brain lesions after being treated with cladribine. Both
cases with nuclear atypia suggested disease progression or
aggressive behavior.

Bone marrow biopsy examination showed a mixed pat-
tern of interstitial and intrasinusoidal infiltration with the

interstitial component being the most prevalent component.
Half of the cases showed some degree of intrasinusoidal
involvement best visualized by immunohistochemical
assessment, but in most cases it was subtle compared with a
more extensive interstitial infiltration. Interestingly, in two
of our cases the predominant pattern was intrasinusoidal,
which was difficult to appreciate on routine H&E stain due
to low tumor burden and background preserved hemato-
poiesis. However, intrasinusoidal infiltration in hairy cell
leukemia-variant is rarely seen as an exclusive and “single”
pattern [22, 23]. Intrasinusoidal bone marrow infiltration
has been considered a specific histologic finding in splenic
marginal zone lymphoma but it can occasionally occur in
other B-cell lymphomas with splenomegaly, particularly
classical hairy cell leukemia, hairy cell leukemia-variant,
and splenic diffuse red pulp small B-cell lymphoma, as well
as other nodal small B-cell lymphoma [24]. A nodular
pattern of involvement, frequently described in some of the
earlier studies on hairy cell leukemia-variant, was seen in
only one of our cases in which the nodules were distributed
in interstitial and juxtatrabecular fashion, without para-
trabecular localization. In this cohort nearly 75% of cases
had some degree of reticulin fibrosis.

Due to the overlapping morphologic features, immuno-
phenotypic analysis is essential to reliably distinguish hairy
cell leukemia-variant from classic hairy cell leukemia and
other B-cell lymphomas. Consistent with data in the lit-
erature, the neoplastic cells in hairy cell leukemia-variant
show bright expression of pan-B-cell markers, such as
CD19, CD20, CD22, CD79b, and also brightly positive for
surface light chains [8, 25]. Two cases (<10%) did not
express surface immunoglobulins as reported in earlier
studies [26]. We did not observe A-light chain pre-
dominance in this cohort, in contrast to the previously
reported significantly higher prevalence of A-expression that
is seen in classical hairy cell leukemia [26]. Cases of hairy
cell leukemia-variant shared many immunophenotypic fea-
tures with classical hairy cell leukemia, such as expression
of CDllc and CD103. However, hairy cell leukemia-
variant cells lacked CD25, CD123, tartrate-resistant alkaline
phosphatase, and annexin Al [3]. CD103, a cell surface
glycoprotein of the integrin -7 family, is regarded as a
useful diagnostic criterion for diagnosis. CD103 expression
in hairy cell leukemia-variant greatly varies in the literature
from 36-100%; [8, 25] in our study, it was expressed in 21
of 22 cases (~95%) with predominantly bright intensity.
CD200 is a type I immunoglobulin superfamily membrane
protein and is another marker helpful in distinguishing hairy
cell leukemia-variant from classical hairy cell leukemia,
which is bright in the latter. In this study, 64% of hairy cell
leukemia-variant cases showed positivity for CD200 and in
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all of them the expression was consistently dim. All hairy
cell leukemia-variant cases were negative for annexin-Al
and cyclin D1 [27, 28], unlike classical hairy cell leukemia.

Cytogenetic data in hairy cell leukemia-variant are very
limited. Generally, hairy cell leukemia-variant cells show
few chromosomal abnormalities and no recurrent genetic
abnormalities have been described. In our cohort, a complex
karyotype was noted in about 30% of patients. Three of
these included abnormalities in 17p. FISH analysis showed
TP53 deletion in 5 cases. None of the tested patients
showed abnormalities in 8q24 or chromosome 5 gains, as
previously described [16, 29]. One case showed loss of 7q,
a characteristic feature of splenic marginal zone lymphoma
[30]. However, the morphologic findings of large blastoid
cells with prominent nucleolus, bright expression of CD11c
and CD103, weak tartrate-resistant alkaline phosphatase
staining, as well as aggressive behavior with brain invol-
vement, helped differentiating this case from splenic mar-
ginal zone lymphoma. Although abnormalities involving
17p are rare, studies had shown that hairy cell leukemia-
variant patients with monoallelic deletions of TP53 and the
patients with higher numbers of cells with deleted p53 tend
to progress and/or undergo transformation [23, 31]. In this
study, patients with TP53 abnormalities tended to have a
more aggressive clinical course with abdominal lympha-
denopathy and/or liver involvement (n=4), and unre-
sponsive to treatments with multiple relapses (n = 2).

In the era of precision medicine, identification of ther-
apeutic targets offers additional options for patients who do
not respond to conventional chemotherapy. Waterfall et al.
[32] assessed 24 patients with hairy cell leukemia-variant
and showed 10 (42%) with activating MAP2KI (MEKI)
mutations. A recent study on 8 relapsed refractory hairy cell
leukemia-variant patients showed MAP2KI mutations in 3
(38%) [33]. However, Mason et al. [7] found only 1 of 11
(9%) hairy cell leukemia-variant patients mutated for
MAP2K]. In the current study, we identified only 1 of 14
(~7%) hairy cell leukemia-variant patients with a MAP2K]
mutation, in accord with Mason et al. [7]. The reason for the
discrepancy between the studies is unclear. In our study, we
performed Sanger sequencing (targeting exons 2 and 3) on
patient samples with >40% tumor burden in the bone mar-
row aspirate to ensure adequate representation, given that the
lower limit of detection of our assay was between 10-20%.
The study by Waterfall et al. [32] employed whole exome
sequencing on seven cases (range of median depth of cov-
erage reported between 24 x and 89 x); the remaining 17
cases (7 of which were mutated, 41%) underwent Sanger
sequencing for exons 2 and 3, similar to our study. This
suggests that testing methodology is likely not a reason for
the discrepancy. Furthermore, Mason et al. [7] also reported
a low mutation frequency despite using a targeted NGS-
based sequencing that interrogated all of the coding exons of

MAP2K]. Based on this, we believe that the heterogeneity in
the genetic findings reported between different groups is
most likely related to the patient selection. Another possi-
bility, so far unexplored, includes potential selection and
expansion of MAP2K1 mutant clones over the course of the
disease and likely modified by therapy. Notably, the C121S
mutation identified in our patient is the most common
MAP2K] alteration in hairy cell leukemia-variant and is
known to confer resistance to current MEK inhibitors [32].
However, certain MAP2KI] mutations that do not disrupt
drug binding may be amenable for treatment with MEK
inhibitors, as recently demonstrated in a case report [18].

Published data regarding the outcome of hairy cell
leukemia-variant are very limited due to disease rarity.
Hairy cell leukemia-variant patients respond poorly to
interferon alpha or single agent purine analogs, with a
median overall survival of ~9 years [23, 25]. In this cohort,
we report a 5-year overall survival of 84%, higher than
reported in the literature, although the median follow-up
duration was relatively short (37 months). The higher sur-
vival rate in this cohort may be attributable to differences in
therapy compared with those used in the past [23]. The
current recommended therapy is cladrabine followed by
rituximab, with a reported 65% 5-year FES rate [5, 34]. This
was the most frequently used regimen in our cohort (11
patients). A study from Memorial Sloan Kettering reported
that hairy cell leukemia-variant patients had shorter time to
next treatment than patients with classic hairy cell leukemia,
but had a similar overall survival (median follow-up was
47 months) [35]. In addition, recent report suggests that
treatment with anti-CD22 immunotoxins, anti-CD52 anti-
body (alemtuzumab), fludarabine, or ibrutinib is effective in
hairy cell leukemia-variant, and these agents need further
investigation [16, 34]. The absence of BRAF V600E
mutations and rarity of MAP2KI mutation preclude cur-
rently available treatment modalities with MEK inhibitors
in many patients.

In summary, patients with hairy cell leukemia-variant
can exhibit a heterogeneous spectrum of clinical, morpho-
logic, immunophenotypic, and genetic features. The diag-
nosis of hairy cell leukemia-variant is frequently a
challenge, due to lack of specific histological features and
immunophenotypic markers, and the close resemblance to
other poorly characterized lymphomas. Evaluation of
immunophenotype by flow cytometry and immunohis-
tochemistry is a useful tool in distinguishing hairy cell
leukemia-variant from other splenic B-cell neoplasms. In
this study, MAP2KI mutations were infrequent.
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