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Abstract: Hairy cell leukemia is a rare, indolent, chronic lymphoid neoplasm 
originating from a mature B lymphocyte. Diagnosis is based on hairy cell mor-
phology, immunological phenotype by flow cytometry and/or immunohistochem-
istry in trephine biopsy, and the presence of BRAFV600E somatic mutation. In the 
classic form of the disease, the purine nucleoside analogues pentostatin and 
cladribine are recommended for the first-line treatment. These agents induce 
durable and unmaintained complete response in more than 70% of cases and up 
to 35% of patients demonstrate overall survival longer than 20 years. When ritux-
imab is combined with cladribine in early relapse, complete response can be 
achieved in 89–100% of patients, with a three-year risk of relapse of only 7%. 
More recently, several new drugs have been introduced for the treatment of 
patients with hairy cell leukemia. Clinical trials have confirmed that the immuno-
toxin moxetumomab pasudotox, BRAF kinase inhibitors (vemurafenib and dab-
rafenib), and the Bruton kinase inhibitor ibrutinib are useful agents in the 
treatment of patients who are refractory to purine analogs.

Keywords: BRAF inhibitors for hairy cell leukemia; clinical presentation of hairy 
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INTRODUCTION

Hairy Cell Leukemia (HCL) is a rare, indolent B-cell neoplasm. It is characterized 
by the progressive infiltration by mature lymphocytes with typical “hairy” projec-
tions within the peripheral blood (PB), bone marrow (BM) and spleen, resulting 
in pancytopenia, splenomegaly, and susceptibility to infections (1, 2). A character-
istic molecular feature of the disease, present in ≥95% of cases, is the 
BRAFV600E somatic mutation. It is important to distinguish between classic HCL 
and HCL-like diseases, including splenic B-cell lymphoma/leukemia, unclassifi-
able, as well as the variant form of HCL (HCL-v) and the splenic diffuse red pulp 
lymphoma (SDRPL) (3, 4). Monocytopenia is characteristic of classic HCL (1, 2).

In HCL-v, the neoplastic lymphoid cells are hybrids, with an intermediate 
morphology between prolymphocytes and hairy cells. In SDRPL, villous lym-
phoid cells have a polar distribution of the villi and a small or undetectable nucle-
olus in the PB. HCL-v is characterized by lymphocytosis with lymphoid cells of 
relatively large size, prominent nucleoli, and cytopenias without monocytopenia. 
In HCL-v and SDRPL, the neoplastic cells do not express CD25 or CD123 and the 
BRAFV600E  mutation is lacking. However, the relationship between HCL-v and 
SDRPL remains unclear (3, 5). In this chapter we concentrate on the pathogene-
sis, laboratory and clinical characteristics, and treatment of classic HCL.

EPIDEMIOLOGY

Hairy cell leukemia accounts for less than 2% of all leukemias. Its incidence is 
0.3 cases per 100,000 individuals with an average male-to-female ratio of 1.5-2:1 
and median age at diagnosis of 58 years (6). The incidence is approximately three 
times higher in White than in Black populations (7). HCL-v is estimated to be 
0.2 cases per 100,000. HCL-v affects mainly elderly patients with a median age of 
71 years.

PATHOGENESIS

The pathogenesis of HCL is not fully understood. Exposure to ionizing radiation, 
pesticides, and farming have been suggested as possible etiologies (8–10), cases of 
HCL have been reported among family members with the same HLA haplo-
type (11). In most patients, HCL arises from a late, activated memory B cell that 
acquires a single somatic point mutation in the DNA sequence of v-Raf murine 
sarcoma viral oncogene homolog B (BRAF), a kinase-encoding proto-oncogene 
(BRAFV600E) (12). 

The BRAFV600E mutation is detected in up to 80–90% of classic HCL patients 
(13, 14). The mutation involves a thymine-to-adenine transversion at nucleotide 
in exon 15 of BRAF at position 1799 of the gene-coding sequence located in chro-
mosome 7q34. The replacement produces an amino acid change from valine (V) 
to glutamate (E) at position 600 (V600E) of the protein sequence, ultimately 
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leading to aberrant activation of BRAF kinase and the downstream MEK-ERK 
signaling. Indeed, the BRAFV600E mutation has been found to be more or less ubiq-
uitous in studies involving hundreds of classic HCL patients (4, 15, 16). The 
BRAFV600E mutation itself is clonal and heterozygous, although a minority of 
patients lose the wild-type allele as a result of a concomitant 7q deletion (13, 17). 
The mutation remains stable over the whole disease course, from the initial 
diagnosis to relapses, which can occur even many years after initial presentation. 
The mutation is responsible for continuous BRAF activation, and, in turn, pro-
vides continuous signaling to the RAS–RAF–MEK-ERK signaling pathway, whose 
aberrant activation activates a distinct phenotype and enhances the survival of the 
HCL cell. 

In addition to the BRAFV600E mutation, the most common genetic alteration in 
classical HCL is a loss in copy number for chromosome7q (13). A mutated immu-
noglobulin heavy chain variable region (IGHV) gene profile is detected in 90% of 
HCL patients. The absence of a BRAF mutation (BRAFWT) is associated with the 
activation of mutations in the mitogen-activated protein kinase kinase 1 (MAP2K1) 
gene by unmutated IGHV and VH4-34 rearrangements (18); this small subset of 
classic HCL patients has poor prognosis and poor response to nucleoside purine 
analogs (PNAs). In addition, a whole-exome sequencing study of patients with 
classic HCL confirmed the presence of various cancer-associated genes, including 
EZH2 and ARID1A, together with novel inactivating mutations of the cell cycle 
inhibitor CDKN1B (p27) (19). CDKN1B is the second most commonly mutated 
gene in HCL.

CLINICAL PRESENTATION

In most HCL cases, patients are asymptomatic, with pancytopenia incidentally 
discovered on a routine blood cell count examination (20, 21). If symptomatic, 
they typically present with symptoms related to worsening pancytopenia (fatigue, 
bruising, gingival bleeding, epistaxis, menorrhagia), splenomegaly (abdominal 
fullness, discomfort growing after eating) and recurrent infections. Rare clinical 
manifestations include polyarteritis nodosa, cutaneous leukocytoclastic vasculitis, 
bone involvement or central nervous system involvement (22, 23).

Peripheral blood and BM smear usually reveal the presence of typical hairy 
cells (Figure 1 and Figure 2). These are lymphoid cells, medium-sized, with abun-
dant pale blue cytoplasm, small cytoplasmic projections and a mature-looking 
nucleus, giving the cell the appearance of a “fried egg”. However, BM is often dif-
ficult to aspirate due to extensive fibrosis induced by leukemic hairy cell infiltra-
tion (dry tap). Trephine biopsy is indicated for confirming any diagnosis of HCL. 
The BM biopsy specimen typically reveals massive infiltration by cells character-
ized by a wide rim of pale-staining cytoplasm that surrounds and separates the 
monotonous, bland hairy cell nuclei, as well as well-preserved cytoplasmic bor-
ders that reinforce the ‘fried egg’ appearance (Figure 3). The characteristic pattern 
of infiltration which is interstitial, diffuse or patchy, allows differentiation from the 
other B-cell lymphoid malignancies, where lymphoid cells with closely packed 
nuclei usually aggregate or form focal nodules (24, 25). The nucleus is round, 
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oval or slightly serrated. Ki-67 is very low. Silver stains demonstrate an increase in 
reticulin fibers. Infiltrating hairy cells often disrupt the microvasculature of the 
bone marrow, leading to red blood cell extravasation and formation of pseudosi-
nus and blood lakes (26). More precise assessment of the extent of infiltration can 
be provided by immunohistochemical staining (27). HCL cells are typically posi-
tive for B-cell associated antigens like e.g., CD20, but also for annexin-1 and VE1 
(a BRAFV600E stain). Cases with hypocellular BM have been also reported (28). In 
these cases, special caution is recommended in order to avoid a misdiagnosis with 
aplastic anemia.

Figure 1.  Morphological features of classic HCL cells with small- to medium-sized cells with oval 
to indented nucleus and circumferential cytoplasmic projections. 

Figure 2.  Bone marrow smear in classic HCL.
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Immunophenotypic analysis is crucial for establishing the diagnosis. HCL cells 
show a mature B cell phenotype, with immunoglobulins on the surface with 
restricted light chains. They strongly express pan-B cell antigens including CD19, 
CD20, and CD22 and the hairy-specific antigens CD11c, CD25, CD103, CD123 
(bright) (Figure 4). Staining for CD200 expression is intense (1, 2, 20). A majority 
(74%) of HCL also expresses annexin A1, which is not expressed in any other type 
of B cell neoplasm. HCL-v is typically negative for annexin A1, which can be a 
helpful distinguishing feature. However, since it is also expressed by myeloid cells 
and by some T cells, annexin A1 staining must be interpreted in conjunction with 
staining for a B cell antigen (16). 

Although 96% of the patients with HCL demonstrate an enlarged spleen, diag-
nostic or therapeutic splenectomy is rarely performed nowadays due to the evi-
dent BM involvement. Histologically, the disease is associated with expansion of 
red pulp areas and severe atrophy of the white pulp. The normal splenic architec-
ture of cords and sinusoids is destroyed by hairy cell infiltration, resulting in the 
formation of blood lakes and pseudosinus. The HCL infiltrate is histologically 
similar to that described in the bone marrow. The lymph nodes are rarely enlarged 
and therefore, rarely evaluated by pathologists. Nodal involvement is usually con-
fined to retroperitoneal and abdominal nodes. Hairy cells infiltrate the cortex and 
the medullary cord regions, while the sinuses are typically intact and follicular 
structures are spared (28, 29).

Figure 3. The histology of bone marrow involved by hairy cell leukemia with diffuse infiltration 
by regular, small cells (A, B) strongly expressing CD20 (C) and CD25 (D).
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TREATMENT OF CLASSIC HCL

A diagnosis of HCL does not necessarily entail treatment initiation in all patients. 
Indeed, asymptomatic patients (10% of all HCL patients) with moderate pancyto-
penia may remain stable and asymptomatic for years (1, 2). Such cases should be 
carefully followed in the outpatient setting until blood cell counts begin to decline. 
The frequency of visitation must be individualized to the clinical status of the 
patient. In addition, to ensure safe monitoring, the patient should also have a 
broad knowledge of the symptoms (30). 

Symptomatic patients should however receive treatment for HCL. The indica-
tion for treatment initiation includes symptomatic splenomegaly, constitutive 
symptoms, recurrent infections and/or at least one significant cytopenia (absolute 
neutrophil count <1000/μL), hemoglobin concentration <11 g/dL, or platelet 
count <100,000/μL) (1, 2). Taking into account the myelosuppressive effect of 

Figure 4.  Classic HCL-phenotype on flow cytometry: CD11c+, CD103+, CD123+CD22+, CD25+, 
CD200+ cells. 
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PNAs, it seems advisable to start the treatment before the counts decline to 
dangerous level. 

FIRST-LINE TREATMENT 

The purine nucleoside analogs cladribine (2-chlorodeoxyadenosine, 2-CdA) and 
pentostatin (deoxycoformycin, DCF), remain the standard first-line treatment for 
HCL and their design is still recognized as one of the greatest achievements in 
cancer therapy (Table 1) (31–43). Although 2-CdA and DCF have never been 
compared head-to-head, the two agents demonstrate similar long-term results 
regarding efficacy and toxicity. However, 2-CdA is more convenient for patients 
due to the shorter treatment duration, and hence is used more often than DCF 
(40, 41). In a study performed at Scripps Clinic in San Diego in 1990, all 12 
patients responded to treatment, and 11 achieved complete remissions (CR) (43). 
Retrospective studies report overall response rates (ORR) of >95% and a complete 
remission (CR) rate >75%, with median relapse-free survival (RFS) up to 15 years. 
Many patients who were the first to be treated with PNAs are still alive 30 years 
later and remain in their first CR (42). A recently published European multicenter 
meta-analysis confirmed that 2-CdA has high efficacy as the first-line treatment. 
Data collected on 384 patients treated between 1969 and 2018 identified a 94% 
overall response rate (ORR), which was comparable with previous analyses, and a 
median OS of 25 years. Median PFS was 13 years, but even more importantly, 
43% of patients were still free from progression after 22 years (37). 

Cladribine follows different schedules and routes of administration. Originally, 
2-CdA was administered at a dose of 0.1mg/kg/d for seven days in continuous 
intravenous infusion. However, the plasma concentration of 2-CdA does not differ 
between two-hour or continuous infusion, and so the drug is most commonly 
given as two-hour intravenous or subcutaneous infusions (44, 45). In addition, 
treatment with weekly 2-CdA infusions is equally effective as the standard 5-day 
2-CdA administration (46, 47). Currently, 2-CdA is typically used at a dose of 
0.12–0.14mg/kg/ day as a two-hour intravenous infusion for five to seven days, or 
0.12–0.15 mg/kg/day in a two-hour intravenous infusion, once a week for six 
doses.

Treatment with 2-CdA might be complicated by fever present during or shortly 
following therapy, without other infectious symptoms or marked deterioration of 
general clinical status; this is usually attributed to cytokine release associated with 
rapid lysis of circulating hairy cells (48). In addition, neutropenia and infections 
can occur as symptoms of the natural history of the disease. On the other hand, 
these symptoms could arise as a consequence of PNA administration and their 
myelosuppressive and/or immunosuppressive activity (49). A complete diagnos-
tic work-up and the prompt use of broad-spectrum antibiotics in combination 
with granulocyte colony stimulating factor (G-CSF) are commonly indicated. 
Cladribine is contraindicated in patients with active infection, and it is recom-
mended to treat infections before beginning treatment with PNAs whenever pos-
sible. If immediate treatment initiation is needed, DCF at a reduced dose or 
interferon alpha (IFN-α) must be considered. Recently, BRAF inhibitors have been 
reported to be effective and safe in patients with newly diagnosed classic hairy cell 
leukemia and active infection (50). 



Janus A and Robak T40

TA
B

LE
 1

	
Se

le
ct

ed
 c

lin
ic

al
 t

ri
al

s 
of

 fi
rs

t 
lin

e 
tr

ea
tm

en
t 

w
it

h 
PN

A
s 

w
it

h 
lo

ng
er

 fo
llo

w
-u

p 
in

 
cl

as
si

c 
ha

ir
y 

ce
ll 

le
uk

em
ia

 

St
ud

y
Tr

ea
tm

en
t

N
o

 o
f p

ts
/F

o
llo

w
-u

p
 R

es
p

o
ns

e 
R

es
p

o
ns

e 
d

ur
at

io
n 

an
d

 O
S 

Sa
ve

n 
et

 a
l 1

99
8 

(3
1)

 
2-

C
dA

 0
.0

87
 o

r 
0.

1 
m

g/
kg

/d
 c

i ×
 7

 d
ay

s
34

9/
m

ed
ia

n 
52

 m
O

R
R

 9
8%

, C
R

 9
1%

, 
PR

 7
%

M
ed

ia
n 

PF
S 

fo
r 

al
l r

es
po

nd
er

s 
52

 m
, f

or
 

C
R

 5
3m

, f
or

 P
R

 3
7m

 

G
oo

dm
an

 e
t a

l 2
00

3 
(3

2)
2-

C
dA

 0
.1

 m
g/

kg
/d

 c
i ×

 7
 d

ay
s

20
7/

N
A

O
R

R
 1

00
%

, C
R

 
95

%
, P

R
 5

%
 9

5%
/

M
ed

ia
n 

98
m

M
ed

ia
n 

PF
S 

fo
r 

al
l r

es
po

nd
er

s 
98

 m
, 

O
S 

97
%

 a
t 

10
8 

m
on

th
s 

C
he

so
n 

et
 a

l. 
19

98
 (

34
)

2-
C

dA
 0

.1
 m

g/
kg

/d
 c

i ×
 7

 d
ay

s
86

1/
m

ed
ia

n 
52

 m
C

R
 5

0%
, P

R
 3

7%
 

M
ed

ia
n 

PF
S 

> 
44

 m
 (

ra
ng

e 
1–

63
 +

 m
) 

 B
ro

cc
ol

i e
t 

al
. 2

02
2 

(3
5)

2-
C

dA
 s

c 
or

 iv
 

38
4/

m
ed

ia
n 

8.
5 

yr
s

C
R

 7
2%

, P
R

 2
2%

 
M

ed
ia

n 
PF

S 
13

 y
ea

rs
, m

ed
ia

n 
O

S 
no

t 
re

ac
he

d 
at

 2
5 

ye
ar

s 

In
ba

r 
et

 a
l. 

20
18

 (
36

)
2-

C
D

A
 i.

v.
 (

62
%

) 
or

 s
c 

(3
8%

) 
× 

5 
da

ys
20

3/
m

ed
ia

n 
5.

2 
yr

s
N

R
.

O
S 

at
 1

0-
ye

ar
 9

4%
, a

nd
 a

t 
20

 y
rs

 7
5%

 B
ro

cc
ol

i e
t 

al
. 2

02
1 

(3
7)

2-
C

dA
 0

.1
4 

m
g/

kg
 s

c 
or

 iv
, f

or
 5

–7
 d

ay
s 

or
 o

nc
e 

a 
w

ee
k 

fo
r 

5 
w

ee
ks

.
12

2/
fo

llo
w

ed
 b

et
w

ee
n 

19
86

 a
nd

 2
01

8
O

R
R

 8
6%

, C
R

 5
4%

M
ed

ia
n 

T
T

N
T

 –
 8

.2
 y

ea
rs

, f
or

 P
R

 
5.

3 
ye

ar
s 

; f
or

 C
R

 m
ed

ia
n 

N
R

 a
t 

25
.8

 
ye

ar
s,

 m
ed

ia
n 

O
S 

N
R

; p
ro

ba
bi

lit
y 

of
 

65
.7

%
 a

liv
e 

at
 2

5 
ye

ar
s.

G
re

ve
r 

et
 a

l 1
99

5 
(3

8)
D

C
F 

2–
4 

m
g/

m
2  

 iv
 b

iw
ee

kl
y

15
4/

m
ed

ia
n 

57
 m

 
O

R
 7

9%
, P

R
 7

6%
 

M
ed

ia
n 

R
FS

 8
2 

m

E
ls

e 
et

 a
l (

39
)

D
C

F 
4 

m
g/

m
2  

iv
 b

iw
ee

kl
y

18
8/

m
ed

ia
n 

14
.0

 y
rs

 
O

R
96

%
, C

R
82

%
M

ed
ia

n 
PF

S 
10

.5
 y

rs
; M

ed
ia

n 
R

FS
 

16
 y

rs
; O

S 
at

 1
5 

yr
s 

78
%

2-
C

dA
: 2

-c
hl

or
od

eo
xi

ad
en

os
in

e,
 c

la
dr

ib
in

e;
 c

i: 
co

nt
in

uo
us

 in
fu

si
on

; C
R

: c
om

pl
et

e 
re

sp
on

se
; D

C
F:

 d
eo

xy
co

fo
rm

yc
in

, p
en

to
st

at
in

; D
FS

: d
is

ea
se

 fr
ee

 s
ur

vi
va

l; 
iv

: i
nt

ra
ve

no
us

ly
; N

A
: n

ot
 

av
ai

la
bl

e;
 N

R
: n

ot
 r

ea
ch

ed
; N

o:
 n

um
be

r 
of

 p
at

ie
nt

s 
– 

m
on

th
; O

R
R

: o
ve

ra
ll 

re
sp

on
se

 r
at

e;
 O

S:
 o

ve
ra

l s
ur

vi
va

l; 
PF

S:
 p

ro
gr

es
si

on
 fr

ee
 s

ur
vi

va
l; 

PR
: p

ar
ti

al
 r

es
po

ns
e;

 R
FS

: r
el

ap
se

 fr
ee

 s
ur

vi
va

l; 
sc

: s
ub

cu
ta

ne
oy

sl
y;

 T
FI

: t
re

at
m

en
t 

fr
ee

 in
te

rv
al

; T
T

N
T:

 t
im

e-
to

-n
ex

t 
tr

ea
tm

en
t;

 y
rs

: y
ea

rs
 



Hairy Cell Leukemia 41

If PNAs are contraindicated, the BRAF inhibitors vemurafenib or dabrafenib 
can be used off-label in patients with neutropenia and infections. They can also be 
used before PNA therapy; in such cases, PNA therapy should be considered fol-
lowing amelioration of blood cell count and recovery from infection to obtain the 
best possible response in the treatment of HCL.

Another option for the treatment of HCL patients is the use of 2-CdA admin-
istered concurrently with eight weekly doses of rituximab, or with rituximab 
administered at least six months later, depending on minimal residual disease 
(MRD) status. In patients treated with 2-CdA plus concurrent rituximab, the CR 
rate was found to be 94% with minimal residual disease (MRD) being undetect-
able for a median of 6.5 years (51). However, this treatment is suggested rather for 
patients who are relapsed or refractory to PNA monotherapy (1, 2).

Pentostatin is typically administered intravenously at a dose of 4 mg/m2 by 
bolus injection or diluted in a larger volume and given over 20 to 30 minutes once 
every other week. In the absence of major toxicity and with continuing improve-
ment, the treatment should be continued until hematologic CR plus two addi-
tional doses following CR. In patients with active infection or any other increased 
risk of mortality or morbidity due to myelosupression, the pentostatin dose might 
be reduced to 2 mg/m2 until clinical improvement is observed, with subsequent 
administration of standard doses (52). 

Nowadays, there are limited indications for the use of IFN-α in the first-line 
treatment. The responses induced by IFN-α are partial and of short duration. 
Most patients eventually relapse, with a median response duration ranging from 
6 to 25 months (53). The use of IFN-α may be used transiently to increase the 
neutrophil count and cure infection, prior to the initiation of treatment with 
PNA  (54). Another potential indication for IFN-α treatment is the COVID-19 
pandemic, to avoid the severe immunosuppression associated with PNA and 
rituximab use (55). Splenectomy is a life-saving procedure for splenic rupture due 
to splenomegaly. In patients refractory to IFN-α, it may be also be performed in 
pregnancy (56, 57). 

TREATMENT OF RELAPSED/REFRACTORY HCL

Despite the remarkable success of PNAs, half of the patients experience at least 
one relapse of the disease later in life. As such, new therapeutic strategies are still 
needed to further improve PFS. At relapse, the same indications for treatment 
apply as for first-line therapy, including symptomatic disease or progressive cyto-
penias (1, 2). Patients with early relapse (< 24 months) are candidates for alterna-
tive therapies, preferentially with novel drugs or within clinical trials. In remission 
lasting 24–60 months, retreatment with PNA combined with rituximab should be 
considered. The addition of rituximab to 2-CdA at standard doses of 375mg/m2 
weekly for 6-8 doses, either concurrently or sequentially one month after 2-CdA, 
can improve the outcome (51, 58). Finally, patients who remain in CR for more 
than five years (>60 months) may be retreated with the initial therapy (1).

Bendamustin (70mg/m2 or 90mg/m2) in combination with rituximab (375 
mg/m2) given intravenously on days 1 and 15, for six cycles at four-week intervals 
demonstrated activity in 12 heavily pretreated HCL patients (59). The overall 
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response rate was 100%, with seven CRs. MRD was undetectable in six patients 
with CRs at 30–35 (median 31) months of follow-up.

MOXETUMOMAB PASUDOTOX

Moxetumomab pasudotox (Moxe), was originally discovered by Ira Pastan and 
Robert Kreitman in the National Cancer Institute, Center for Cancer Research 
(60, 61). Moxe is an anti-CD22 targeted recombinant immunotoxin produced by 
the fusion of a toxin fragment, Pseudomonas exotoxin A (PE38), with the Fv of 
the murine anti-CD22 antibody, which leads the toxin directly to the tumor cell. 
The drug was active and well tolerated in phase 1 and 3 studies performed in 
relapsed/refractory patients with HCL (60, 62–65). In the phase 1/2 study Moxe 
was used at a dose of 50-µg/kg every other day for three doses in four-week 
cycles (60, 62). Among 33 analyzed patients, the OR rate was 88%, with 64% 
CR. The CR duration was longer in MRD-negative patients. The median CR 
duration was 13.5 months in nine MRD-positive CRs, and 42.1 months in 11 
MRD-negative CRs. 

In a phase 3 trial, 80 patients were treated with Moxe at a dose of 40 µg/kg 
by 30  min intravenous infusion on days 1, 3, and 5 of a 28-day cycle (64). 
Treatment was continued for up to six cycles, or until CR with MRD negativity, 
disease progression or unacceptable toxicity. At a median follow-up of 
24.6 months, 60 patients (75%) had responded to treatment, of which 27 had 
MRD-negative CR. The durable CR rate with hematologic response longer 
than 180 days was 36%, and CR longer than 360 days was 33%. Longer median 
hematologic remission was noted in MRD-negative patients (62.8 months) than 
in MRD-positive patients (12.0 months). Inferior results were observed in sple-
nectomized patients. There is a single report on successful retreatment with 
Moxe in relapsed patients (65). 

The most frequent adverse events (AEs) were easily manageable nausea, 
peripheral edema, headache, and pyrexia. Hemolytic uremic syndrome (HUS) 
and capillary leak syndrome (CLS) are black box warnings for Moxe, which was 
noted in eight patients (10%), before or on day 8 of treatment; these led to drug 
discontinuation (62–65). Thus, careful clinical and laboratory assessment are 
mandatory during treatment. In order to prevent life-threatening complications, 
adequate oral and intravenous hydration is recommended. All patients should 
receive intravenous fluids two to four hours before and after Moxe administration. 
On days 1-8 of each 28-day cycle, all patients should be hydrated with oral fluids, 
250ml per hour, and not to go more than two to three hours at night without 
drinking. Thromboprophylaxis with low-dose aspirin is also considered (66). 

Moxe was approved by the USA Food and Drug Administration (FDA – 
September 2018) and the European Medicines Agency (EMA – February 2021) 
for the treatment of adult patients with relapsed/refractory HCL who had received 
at least two prior systemic therapies, including treatment with purine analogues. 
However, in July 2021 the European Commission withdrew the approval for 
Moxe in the European Union. The withdrawal was performed at the request of the 
marketing authorization holder, AstraZeneca, for commercial reasons. Moxe is 
still commercially available in the USA.
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BRAF INHIBITORS

The BRAFV600E mutation, the driving genetic event in HCL, provided the scien-
tific rationale for the therapeutic use of BRAF-MEK pathway inhibitors in patients 
with classic HCL. The BRAF kinase inhibitors vemurafenib and dabrafenib are 
active drugs in patients with refractory and recurrent HCL; they can be used in 
monotherapy, or in combination with CD20 antibodies or MEK inhibitors 
(Table 2). In a phase-2 single-arm multicenter study performed in Italy and the 
USA, vemurafenib was given as a single drug at 960 mg twice daily for a median 
of 16–18 weeks (67). Most of the patients responded to treatment. Overall 
response rates were 96% (25/26) after a median of eight weeks in the Italian 
patients and 100% after a median of 12 weeks in the USA. Complete response 
rates were 34.6% and 41.7%, respectively. However, all the CRs were MRD posi-
tive, and the median relapse-free survival (RFS) was only nine months after treat-
ment discontinuation (67). 

Drug-related AEs were mostly of grade 1–2, and these included skin toxicity 
(rash, photosensitivity), arthralgia, fever, and elevated bilirubin level. All adverse 
events were reversible and easily manageable with dose-adjustments and symptom-
atic treatments including low-dose steroids and non-steroidal anti-inflammatory 
drugs. However, about 50% of patients required dose modifications due to AEs. 
Originally, the dosing and scheduling of BRAF inhibitors was extrapolated from 
standard treatments for melanoma and still remains a matter of debate. Based on 
the retrospective analysis of patients treated outside clinical trials with variables 
schedules of administration, we already know that BRAF inhibitors induce hema-
tologic remission in all HCL patients, regardless of the dose used (68). However, 
higher doses of BRAF inhibitors (vemurafenib > 480mg BID, dabrafenib > 150mg 
BID) improve the quality of responses and prolong time to next treatment (TNT) 
when compared with low-dose BRAF inhibitors. Retreatment with BRAF inhibi-
tors is equally effective only after the second course, but the responsiveness 
decreases with each successive cycle, with median TNT less than four months 
(68, 69). In those cases, when BRAF inhibitors are the only available treatment 
option, continuous treatment with low-dose BRAF inhibitors should be consid-
ered, as it may provide stabilization of the disease for more than one year (69). 

Deeper and longer responses can be achieved when vemurafenib is combined 
with rituximab (70). In a phase 2 trial in patients with refractory or relapsed HCL, 
vemurafenib was administered at 960mg BID for eight weeks and rituximab at 
375mg/m2 every two weeks for eight doses (70). CR was achieved in 26 of 
30 patients (87%). Furthermore, undetectable MRD was observed in 17 (65%) of 
26 patients in CR. MRD negativity correlated with longer survival without relapse. 
These excellent responses correlated with PFS, which amounted to 78% at a 
median follow-up of 37 months. In addition, this drug combination seems to be 
effective in patients previously treated with Moxe (71). Vemurafenib was also 
combined with obinutuzumab in previously untreated HCL patients in a 
phase 2 study (72). Vemurafenib was administered at a dose of 960 mg twice per 
day for four months and obinutuzumab at 1000 mg.iv. on days 1, 8 and 15 of 
month 2, and day 1 of months 3 and 4. MRD-negative CR was achieved in seven 
patients, and PR was noted in two patients at the end of treatment. All patients 
remained in remission with a median follow-up of 9.7 months. 
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Another BRAF inhibitor, dabrafenib, was investigated in a phase 2 study in 
relapsed/refractory patients with classic HCL (73). Dabrafenib was given at a dose 
of 150 mg twice daily for eight weeks. If no CR was obtained after this time, the 
patients received an additional four-week treatment. ORR was 80% and CR 30%. 
The combination of BRAF inhibitors with MEK inhibitors is another strategy for 
enhancing treatment efficacy (74). In a phase 2 trial, dabrafenib was administered 
continuously at a dose of 150 mg BID with tramentinib 2 mg, once daily. Response 
was achieved in 78% of patients. PFS and OS rates were both 97.6% at 12 months, 
and PFS was 50% at 18 months. However, AEs led to dose reduction in 42% and 
treatment interruption in 56% of patients.

IBRUTINIB

The B-cell receptor (BCR) signaling pathway is a crucial pathway of B cells, both 
for their survival and for surface-mediated activation, proliferation, and differen-
tiation. BCR signaling is also involved in HCL pathogenesis (75). Recently, ibruti-
nib was evaluated in a phase 2 study in 37 HCL patients including 28 with classic 
HCL and nine with HCL-v (76). Ibrutinib was given at a dose 420–840 mg daily 
until progression or unacceptable toxicity. Response was 24% at 32 weeks and 
36% at 48 weeks. The OR rate at any time was 54% including seven CR, 13 PR 
and 10 patients had stable disease. Similar response rates were observed in 
patients with the classic HCL and HCL-v. The estimated 36-month PFS was 73% 
and OS 85%, with no differences between HCL and HCL-v. Even though the 
results are not as spectacular as with other novel drugs, ibrutinib remains an 
option for patients not suitable for other treatments (77).

HAIRY CELL LEUKEMIA VARIANT 

Hairy cell leukemia variant (HCL-v) is a rare B-cell lymphoproliferative neoplasm, 
arising or locating primarily in the spleen; it is biologically distinct from classic 
HCL, being more aggressive and responding poorly to PNAs (78). In the fifth edi-
tion of the WHO Classification of Hematolymphoid Tumors (2022), HCL-v and 
prolymphocytic B-cell leukemia are reclassified as splenic B-cell lymphoma/leuke-
mia with prominent nucleoli (5). The clinical course of HCL-v is more aggressive 
than classic HCL with a median OS of 7–9 years (79). Morphologically, HCL-v 
cells show hybrid features between classic HCL cells and prolymphocytes. The 
nuclei have a prominent nucleolus, similar to prolymphocytes, and the cytoplasm 
often has a variable number of cytoplasmic projections. Patients are usually symp-
tomatic, with symptoms of anemia and/or bleeding depending on cytopenias, 
and with abdominal discomfort related to splenomegaly. White blood count is 
elevated with lymphocytosis in the PB smear, accompanied by anemia and throm-
bocytopenia. The absolute number of monocytes is normal, in contrast to classic 
HCL. The BM is hypercellular and may be easily aspirated. Peripheral lymphade-
nopathy is rare, but central lymphadenopathy with enlarged abdominal and 
retroperitoneal lymph nodes may be detected on CT scans. Hepatomegaly is 
reported in 20–30%. 
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A critical aspect of HCL-v diagnosis is immunophenotype. Leukemic cells 
strongly express the pan-B-cell markers CD19, CD20, CD22 and FMC7. Surface 
immunoglobulin expression is strong, with CD5 and CD23 usually negative. In 
contrast to classic HCL, CD25 and CD123 are negative but CD11c is always posi-
tive and CD103 is positive in 2/3 of HCL-v cases. 

HCL-v lacks Annexin A1 expression and the BRAFV600E point mutation, which 
is characteristic of classic HCL. A subset of patients also has activating mutations 
in MAP2K1, a gene that encodes MEK1, a downstream component of the BRAF-
MEK-ERK signaling cascade. While there is no genetic mutation diagnostic of 
HCL-v, genetic profiling efforts have identified potential therapeutic targets 
(i.e., MAP2K1, KDM6A, CREBBP, ARID1A, CCND3, U2AF1, KMT2C). 

PNAs are less active in HCL-v than in classic HCL. In addition, patient 
responses are poor and of short duration: only about a half the patients obtain PR, 
and the median time of response is 15 months (80). The current treatment of 
choice in previously untreated HCL-v patients is combination immunochemo-
therapy with 2-CdA and rituximab. In a phase 2 study 2-CdA was given intrave-
nously, at a dose of 0.15mg/kg for five consecutive days with eight weekly doses 
of rituximab 375mg/m2 in 20 patients, of whom eight were previously untreated 
and 12 with recurrent/refractory disease (81). The CR rate was 95%, and MRD 
negative CR in 80% of patients at six months after the end of treatment. The 
5-year PFS was 63.3% and 10-year PFS was 44.3%. The duration of response was 
longer in the MRD-negative patients. 

Ibrutinib is active in the treatment of HCL-v. Recently published data by 
Rogers et al. show the ORR increasing with time, from 24% at 32 weeks to 36% 
at 48 weeks, for both HCL-v and classic HCL (76). Splenectomy is still an option 
in the treatment of HCL-v as it corrects cytopenias due to hypersplenism and 
removes a significant bulk of disease. Historical results indicate 74% PRs lasting 
for 1–10 years (median: four years) (82, 83). Rituximab may be used as a consoli-
dation therapy after splenectomy (84). In addition, splenic irradiation can be con-
sidered in elderly patients with high surgical risks (80). 

CONCLUSION

Classic HCL is a rare type of B-cell chronic lymphoid leukemia characterized by 
marked splenomegaly, progressive pancytopenia, and reactive marrow fibrosis. 
A diagnosis of HCL is based on cytology and confirmed by flow cytometry studies 
using anti-B-cell antibodies against CD19, CD20 or CD22, as well as antibodies 
more specific to HCL, such as CD11c, CD25, CD103 and CD123. Most patients 
with classic HCL also demonstrate the BRAFV600E  mutation, which has been 
described as a disease-defining genetic event. 

The purine nucleoside analogs 2-CdA and DCF are the drugs of choice in pre-
viously untreated patients with HCL. These agents induce durable and unmain-
tained, long-lasting CR in more than 70% of patients. Thanks to the use of these 
drugs, classic HCL has transformed from a disease with poor prognosis to a highly 
treatable disorder with near-normal survival. Rituximab is also active in HCL and 
can be given as a single agent or in combination with PNA. Immunotoxin, i.e., 
moxetumomab pasudotox, has been approved for the treatment of patients with 
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relapsed or refractory HCL who relapse after two or more prior systemic therapies. 
The BRAF inhibitors vemurafenib and dabrafenib exhibit remarkable activity in 
patients with classic HCL and are used in relapsed and refractory patients. 
However, these drugs have not yet been formally approved for the treatment of 
HCL. BRAF inhibitors are more active when combined with CD20 monoclonal 
antibodies. The BTK inhibitor ibrutinib is under investigation in patients with 
relapsed HCL and has demonstrated some activity. 

HCL-v is characterized by lymphocytosis with lymphoid cells of relatively 
large size and prominent nucleoli, cytopenias without monocytopenia, atypical 
HCL immunophenotype without CD25 expression, and a lack of BRAF mutation. 
Biologically, this disease is more closely related to splenic lymphomas, and 
together with prolymphocytic B-cell leukemia, has been reclassified by the fifth 
edition of the WHO Classification of Haematolymphoid Tumors (2022) as splenic 
B-cell lymphoma/leukemia with prominent nucleoli. 

Although HCL-v demonstrates poor response to single-agent purine analogs 
2-CdA and DCF, which are very effective in classic HCL, better ORR and response 
duration were achieved by combining PNAs with rituximab. Indeed, the combi-
nation of 2-CdA with rituximab is now the recommended first-line treatment in 
this disease. 
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