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Hairy cell leukemia (HCL)
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Clinical outline
Adult patients with symptoms mainly related to bone marrow (BM) infiltration and splenomegaly; circulating
neoplastic cells are few. Rarely mass forming, nodal or other extranodal. Granulopenia frequent.
Cytology “I_-Iairy cells",_i.e. small t_o medium Hairy cell

sized cells Wlth ovalfto |nq|ented leukemia,

nucleus ar_1d circumf erential cytology

cytoplasmic projections. P

MGG

Histology | Frequent punctio sicca. BM biopsy Hairy cell

with maturation arrest and decrease | leukemia,

of granulopoiesis. Interstitial cells hystology

with “fried egg” appearance with

accompanying reticulin fibrosis.

Diagnosis may be challenging due to

relative low infiltration grade.

Diffuse expansion in red pulp of

spleen.

:m CD5 cD23 | cD10' | BCL6 | cyclin D12 | loinkluki | alor | ] f fle] it
notes few positive cases reported. 2faint staining but no translocation of cyclin D1,
other “HCL-phenotype” on flow cytometry: FMC7+, CD11c+, CD103+, CD123+, CD25+, CD200+
marker Histology markers: BRAF-V600E +, Annexin-A +, DBA44 +, T-BET+
[[]= majority of cases positive [[_]= variable fraction of cases positive [_]= negative
Main differential Splenic marginal zone lymphoma (should be CD103 and BRAF-V600E negative), Hairy cell
diagnosis leukemia variant (should be CD103 positive, BRAF-V600E negative and show distinct
cytology),
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Key molecular features

Frequent translocations: none reported.

IGH genes are rearranged, somatic hypermutation and IGHV usage bias. BRAF-V600E in vast majority. Few cases
without BRAF-V600E mutation but MAP2K1 mutations (relation to HCL or Hairy cell leukemia variant uncertain so far)

Precursor lesions

Not known.

Progression

Transformation rare (only sporadic cases reported).

Clinically relevant pathologic features

relation to hairy cell leukemia variant still uncertain.

Clinically relevant subtypes not identified. BRAF-V600E mutation negative variants may be a predictive subgroup but

12.1 Introduction

Hairy cell leukemia (HCL) is a rare type of
chronic lymphoid leukemia originated from a
mature B lymphocyte [1, 2]. The disease was first
described by Bertha Bouroncle in 1958 [3]. HCL
is characterized by progressive pancytopenia,
splenomegaly, and infiltrations of the bone mar-
row, liver, and spleen. In addition to the classic
form of HCL, the World Health Organization
(WHO) now recognizes HCL variant (HCL-V) as
a provisional entity distinct from classic HCL; it
is regarded as an unclassifiable splenic B-cell
leukemia/lymphoma, together with splenic dif-
fuse red pulp small B-cell lymphoma (SDRPL)
[4,5]. However, the relationship between SDRPL
and HCL-V remains unclear. HCL-V was first
described in 1980 by Cawley et al. [6]. The dis-
ease is characterized by splenomegaly, lympho-
cytosis, and hypercellular bone marrow. In
comparison to classic HCL, patients with HCL-V
are often older, present with lymphocytosis, and
are resistant to purine nucleoside analogs.
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Biologically, HCL-V is more closely related to
splenic lymphomas and shares several overlap-
ping clinical and morphological features with
other disorders characterized by villous circulat-
ing cells. In the last three decades, tremendous
progress in the biology and treatment of classic
HCL and HCL-V has been made, which has
resulted in an improvement in overall life expec-
tancy and quality of life, mainly due to the intro-
duction of purine nucleoside analogs, cladribine
and pentostatin, as well as supportive care regi-
mens. Thanks to the use of these drugs, classic
HCL has evolved from a disease with poor prog-
nosis to a highly treatable disorder and affords
near-normal survival [7]. HCL-V has usually
poorer prognosis than classic HCL.

12.2 Epidemiology

Hairy cell leukemia (HCL) is a rare mature B-cell
malignancy with an incidence of 0.3 cases per
100,000 individuals and is four times more com-
mon in men than women [8]. It predominantly
occurs in elderly patients with a median age of
49-51 years at initial diagnosis, but younger
patients are also affected. These young patients
with HCL have shorter responses to treatment and
require more lines of therapy to maintain disease
control while attaining similar long-term survival
[9]. HCL-V is estimated to be 0.2 cases per 100,000
and the disease comprises 2% of all leukemias [8].
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12.3 Molecular Biology
and Pathogenesis

During recent years, many new discoveries have
revolutionized the molecular understanding of
HCL [10]. In 2011, Tiacci et al. discovered that
classical HCL is characterized by a gain-of-
function mutation of the BRAF serine/threonine
protein kinase (V600OE) [11, 12]. In the initial
validation series, all HCL patients showed this
particular mutation; however, a set of 195 B-cell
lymphomas and leukemias did not harbor a
mutated BRAF gene. The vast majority of BRAF-
V600E mutations in HCL are heterozygous, but
while homozygous mutations are rare, they have
been suggested to be associated with a more
aggressive disease course [13]. Recurrent dele-
tions of the BRAF gene locus on chromosome
7q34 have been described in HCL and lead to
loss of heterozygosity [14]. BRAF mutations,
different from V60OE, seem to be extremely rare
in HCL and have been described in only two
patients so far [15]. The incidence of BRAF
mutations in nearly 100% HCL cases at diagno-
sis, i.e., encompassing the whole disease spec-
trum, their somatic nature, and presence in the
entire tumor clone, as well as their high stability
atrelapse, strongly suggests that the pathogenesis
of HCL critically depends on constitutively acti-
vated BRAF [11, 12, 16].

Chung et al. report that BRAF-V600E muta-
tions are already present in hematopoietic stem
cells (HSCs) or B-cell lymphoid progenitors of
HCL patients and that these patients exhibit
marked alterations in hematopoietic stem/pro-
genitor cell (HSPC) frequencies [17].
Transplantation of BRAF-V600E-mutant HSCs
from an HCL patient into immunodeficient mice
resulted in stable engraftment of BRAF-V600E-
mutant human hematopoietic cells, highlighting
the functional self-renewal capacity of HCL
HSCs. However, none of the transplanted mice
developed a typical HCL, strongly suggesting
that the development of a full HCL phenotype
may require a permissive epigenetic background,
likely restricted to a particular stage of B-cell dif-
ferentiation, and/or the acquirement of further
genetic lesions.

The BRAF-V600E mutation constitutively acti-
vates BRAF providing oncogenic signaling
through the MEK-ERK cascade [11]. Both in vitro
and in vivo studies have demonstrated that BRAF-
dependent phospho-ERK activation is a critical
signaling event in HCL. Moreover, in vitro treat-
ment of primary purified HCL cells with BRAF
and MEK inhibitors has resulted in the marked
dephosphorylation of MEK/ERK, silencing of the
RAF-MEK-ERK pathway transcriptional output,
loss of the specific HCL gene expression profile
signature, change of the characteristic morphology
of the leukemic cells (from “hairy” to “smooth”),
and eventual apoptosis [18].

Aberrant expression of cell cycle-related pro-
teins such as cyclin DI have been shown to be
reversible using inhibitors of activated BRAF
signaling, suggesting that expression is not a con-
stitutive disease trait but elicited by MEK/ERK
signaling and oncogenic BRAF mutations,
respectively. This concept may have important
consequences for minimal residual disease
(MRD) assessment in the context of inhibitor
treatment, as the marker profile (cyclin D1) could
be dynamic, as well as for targeted drug treat-
ment, which may be curtailed by the on-target
effect of inhibitors.

In addition to the BRAF-V600E mutation, the
most common genetic alteration in classical
HCL was a loss in copy number for chromosome
7q. The minimally deleted region of this copy
number alteration includes the wild-type locus
of BRAF. This genetic lesion subdivides classi-
cal HCL into those with hemizygous versus
those with heterozygous mutations of BRAF
[12]. Whole exome sequencing study of relapsed
and refractory HCL patients revealed known
cancer-associated genes such as EZH2 and
ARIDIA, as well as novel inactivating mutations
of the cell cycle inhibitor CDKNIB (p27). In a
cohort of 81 mostly untreated HCL patients, the
incidence of CDKNIB mutations was 16% [19].
While a clinical impact of CDKNIB mutations
was not found, CDKNIB was found to be the
second most commonly mutated gene in HCL.
CDKNIB is a critical element in cell cycle con-
trol and a known tumor suppressor in different
solid cancers [20].
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CDKNIB prevents the activation of cyclin
E-CDK?2 or cyclin D-CDK4 complexes and there-
fore regulates cell cycle progression in the G1
phase. Interestingly, BRAF-induced senescence
in premalignant nevi is circumvented by deletion
or mutation of CDKNZ2A in invasive melanoma. In
BRAF-mutated hairy cell leukemia, CDKNIB
loss may serve as a mechanism to escape onco-
gene-induced senescence [21]. In addition to
CDKNIB, mutations cooperating with BRAF-
V600E, recurrent, inactivating mutations in
KMT2C (MLL3) were identified in 15% and 13%
of classical HCL and HCL variant, respectively
[12]. Another study described somatic mutations
or deletions of the Kriippel-like factor 2 (KLF2)
in 4 of 24 (16%) HCL patients examined, but
KLF?2 mutations are more frequent in other B-cell
malignancies, such as SMZL (31%), and diffuse
large B-cell lymphoma (26%). Although better
descriptions of the genetic landscape of HCL
have been obtained during recent years, the func-
tion of mutations cooperating with BRAF-V600E
remains to be elucidated.

12.4 Differential Diagnosis

Historically, there were two different forms of
HCL, the more common classical HCL (90%)
and the less frequent HCL-V (10%). HCL-V is
characterized by a more aggressive disease
course and a poor response to purine analogs
[22]. Most importantly, HCL-V cases are com-
monly negative for BRAF-V600E mutation. A
small subset of patients with bona fide classical
HCL but who also do not harbor any BRAF muta-
tion has been reported but only in a single study
[23]. However, these cases are often character-
ized by an IGHV4-34 immunoglobulin rear-
rangement, which is generally absent in classic
HCL, and it is associated with a similar poor
prognosis as HCL-V.

Almost 50% of HCL-V and IGHV4-34-
expressing HCL cases were found to harbor acti-
vating mutations in the MAP2K] gene encoding
MEKI. All but one of the identified mutations
(n = 15) have been described and are known to
strongly increase phospho-ERK levels and, con-

sequently, cell proliferation [24]. These findings
underline the importance of constitutive MEK-
ERK signaling even in this HCL-like disorder.

HCL cells typically show a distinctive immuno-
phenotype coexpressing CD19, CD20, CDllc,
CD25, CD103, and CD123. In contrast, HCL-V
cells lack the expression of CD25 and CD123 [25].
Moreover, HCL cells strongly express CD200,
which can also be used as another distinctive
marker to differentiate HCL [26]. BRAF-V600E is
now regarded as a specific oncogenic mutation
occurring only in HCL [27]. Another distinctive
feature of HCL is the expression of annexin Al,
which is easily accessible by immunohistochemi-
cal staining [28]. In addition to HCL-V, the 2016
revision of the WHO classification of lymphoid
neoplasms recognizes two provisional entities
resembling HCL: splenic marginal zone lymphoma
(SMZL), usually associated with NOTCH2 muta-
tions, and splenic diffuse red pulp small B-cell
lymphoma (SDRPBCL) whose genomic landscape
has not been yet clarified. Table 12.1 summarizes
the most important differential diagnosis of HCL
and their characteristic markers.

Testing for BRAF-V600E mutation can be
helpful as an additional marker in routine clinical
practice if there is any diagnostic uncertainty. For
relapsed and refractory patients, we strongly rec-
ommend evaluating BRAF mutation status, since
this may serve as therapeutic target. The limited
number of HCL cells present in the peripheral
blood requires highly sensitive molecular assays
to detect BRAF mutations (e.g., allele-specific
polymerase chain reaction). Alternatively, BRAF-
V600E mutation-specific antibodies can be used
for immunohistochemical staining in bone mar-
row biopsies [5]. However, further validation of
the diagnostic utility of these reagents in a larger
number of cases is required.

12.5 Prognosis

Hairy cell leukemia belongs to the group of indo-
lent lymphoid malignancies. Standard treatment
with purine analogs induces complete remission
in more than 80% of patients with classical hairy
cell leukemia. If complete remission is achieved,
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Table 12.1 Differential diagnosis of HCL and the characteristic features of related entities

HCL HCL variant SMZL SDRPBCL
Frequency 0.3/100,000 0.03/100,000 0.13/100,000 N.a.
Ratio m:f 4:1 (m:w) 1-2:1 (m:w) 1:3 (m:w) 1-2:1 (m:w)
Median age 50-55 >70 65-70 65-75
Lymphocytosis <10% >90% >50% >50%
Immunophenotype CDllc+ CDl1lc+ CDllc— CDllc+
CD103+ CD103+/— CD103—/+ CD103—-
CD25+ CD25— CD5—/+ CD25—-/+
CD200+ CD200— CD200+ -
CD23—- CD23- CD23+/— CD23—
CD5- CD5- CD5—/+ CD5—/+
Immunohistochemistry DBA .44+ DBA .44+ DBA. .44+ DBA. .44+
Cyclin D1+ Cyclin D1+/— Cyclin D1— Cyclin D1—-
Annexin Al+ Annexin Al— Annexin Al— Annexin Al—
Genotype BRAF-V600E BRAF wt BRAF wild-type BRAF wild-type
Mutation ~50% MEK1 Frequent Notch2
mutations, ~50% mutations
IGHV4-34
rearrangement

the median time to next treatment is more than
10 years [29]. In case of a partial remission,
patients have a significantly shorter treatment-
free interval of only 3 years. If retreatment is nec-
essary, and a subsequent complete remission can
be achieved, patients with classical hairy cell leu-
kemia enjoy again a very long treatment-free
interval of more than 10 years [29]. However, the
proportion of patients who achieve a CR
decreases with each treatment round. Altogether,
it has been shown that many classical hairy cell
leukemia patients have an overall survival which
is comparable with the normal population. Even
younger patients with hairy cell leukemia, who
tend to have shorter treatment-free intervals,
seem to have a very good long-term outcome [9].
It is important to note that in contrast to classical
HCL, it has been found that HCL-V and HCL
with VH4-34 gene usage have a considerably
poorer response and long-term outcome [30].

12.6 Treatment Response
Evaluation and Disease
Progression

Treatment response criteria are defined according
the consensus guidelines and ESMO guidelines
[1, 2]. Complete remission (CR) required mor-

phologic absence of hairy cells on peripheral
blood (PB) and bone marrow (BM) aspiration or
biopsy specimens and normalization of organo-
megaly and peripheral blood counts. Patients in
CR should have near normalization of peripheral
blood counts including hemoglobin >11 g/dL,
platelets >100,000/pL, and an absolute neutro-
phil count >1500/pL. It is recommended that an
assessment for CR following cladribine should
be performed 4—6 months after treatment, and at
this time a BM biopsy should be performed to
document a CR. A partial response (PR) is
described as normalization of PB counts, with at
least 50% reduction in organomegaly and bone
marrow hairy cells and below 5% of circulating
hairy cells. All other outcomes are considered as
nonresponse. Patients with a CR demonstrate
longer remission duration and longer survival
than those achieving a PR [31]. Relapse is defined
as deterioration in blood counts related to the
detection of hairy cells in PB and/or BM and/or
increasing splenomegaly. Progressive disease is
defined by a 25% decrease in PB hematologic
parameters that lasts for 2 months or more or an
increase in the hairy cell infiltration of the BM
[1]. In addition, 25% increase in either the size of
the spleen or the liver based on the nadir mea-
surements achieved following therapy is consis-
tent with disease progression.
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The evaluation of minimal residual disease
(MRD) in HCL remains controversial and is gen-
erally not recommended in routine clinical prac-
tice. Preliminary studies indicate that the extent
of MRD may predict the duration of remission.
For quantitative evaluation of MRD, immunohis-
tochemical staining of the BM core biopsy for
CD20, DBA .44, VE-1, or CD79a may be useful.
However, the level of disease involvement for
MRD negativity is not yet established. Some
authors indicate that risk of relapse is low if
immunohistochemical staining reveals an MRD
level below 1% and high if MRD is greater than
5% positive cells in the BM [32]. In another
study, the PB-MRD panel consisted of 2 four-
color tubes, including CD19, CDllc, CD25,
CD22, and CD103 antigens, or 2 six-color tubes
with the addition of CD123 and CD200 [33]. The
sensitivity of this test was established as 0.01%
and remained constant over the entire period of
observation. This study has confirmed that
patients with PB-MRD negativity at 6 months
(0.01% cutoff) have a low probability of disease
relapse. However, further studies are needed to
establish the predictive value of PB flow cyto-
metric monitoring for MRD relapse.

12.7 Treatment of Newly
Diagnosed Patients
with Classic HCL

Similarly to other indolent lymphoid malignan-
cies, a “watch and wait” strategy is recommended
in HCL patients asymptomatic at diagnosis.
Approximately 10% of HCL patients do not
require immediate therapy after diagnosis, and
they should be monitored until treatment is indi-
cated. Treatment should be initiated if symptom-
atic and/or progressive disease is recognized,
especially cytopenia and/or symptomatic organo-
megaly [1]. According to current consensus
guidelines, treatment should be initiated if one or
more of the following hematologic parameters
are met: hemoglobin less than 11 g/dL, platelet
count less than 100 x 10°/uL, or absolute neutro-
phil count less than 1000/pL [1, 2]. Symptomatic

splenomegaly with or without cytopenias is also
an indication for treatment.

Cladribine and pentostatin are the drugs of
choice in the treatment of HCL [1, 2]. These agents
have significantly improved the prognosis of
patients with HCL as they typically induce very
long-lasting remissions. Pentostatin was first used
by Spiers et al. in 1984 for the treatment of two
men with advanced but previously untreated HCL
[34]. Quick clearance of hairy cells from the blood
and regression of splenomegaly and lymphadenop-
athy were observed in both patients, as was
correction of anemia, thrombocytopenia, and gran-
ulocytopenia. In 1990, the Piro group from Scripps
Clinic, San Diego, reported 12 patients with HCL
treated with cladribine (2-CDA,
2-chlorodeoxyadenosine) at a dose of 0.1 mg per
kilogram of body weight per day, by continuous
infusion for 7 days [35]. Eleven patients had CR
with the normalization of PB and BM with disap-
pearance of leukemic cells. The median duration of
response was 15.5 months with the longest remis-
sion being 3.8 years and no relapse at the time of
publication. Further studies confirmed these early
reports. Both agents induce durable and unmain-
tained CR in more than 70% of patients, and the
relapse rates were about 30-40% after 5-10 years
of follow-up (Table 12.2) [29, 36-46].

Cladribine is most commonly administered as
a continuous i.v. infusion at a dose of 0.09 mg/kg
over a 5- to 7-day period or as a 2-h i.v. infusion
at a dose of 0.12-0.14 mg/kg for 5-7 days [37,
47]. Administration of cladribine can result in
severe neutropenia that can last weeks or longer.
Cladribine is also not recommended for patients
presenting with active infection requiring therapy
for the underlying leukemia. Cladribine can be
also given at a dose of 0.12-0.15 mg/kg in a 2-h
infusion once a week for six doses. Weekly and
daily administration induces similar OR and CR
rates. In addition, randomized trials indicate no
difference in the occurrence of adverse events,
including infections and hematological toxicity,
between the weekly and daily schedule [38, 48].
Cladribine given subcutaneously is as equally
effective as the intravenous formulation but more
convenient for patients [49].
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Table 12.2 Larger clinical trials with purine analogs in treating classic hairy cell leukemia

No. of
Study Treatment pts CR rate | Duration of CR (time to relapse)
Saven et al. 2-CDA 0.087 or 0.1 mg/kg/day 349 91% 96% survival at 48 months
1998 [36] c.i. x 7 days
Goodman 2-CDA 0.1 mg/kg/day 207 | 95% Median duration of CR—98 monts
et al. 2003 c.i. x 7 days
[31]
Chesonetal. | 2-CDA 0.1 mg/kg/day 861 | 50% Median duration of CR not reached
1998 [37] c.i. x 7 days
Robak et al. 2-CDA 0.12 mg/kg/day in 2 hi.v. |97 77.3% | Median duration of CRc—37.4 months
1999 [39] infusion/5 days
Robak et al. 2-CDA 0.12 mg/kg/day in 2 hi.v. | 116 | 76% vs. | Median duration of CRc—4.3 years vs.
2007 [38] infusion/5 days vs. once a week 72% 5.1 years
for 6 weeks
Grever et al. Pentostatin 24 mg/m? i.v. 154 | 76% 67% estimated DFS at 10 years; 18.5%
1995 [40] biweekly relapse at 111 months
Maloisel et al. | Pentostatin 4 mg/m? i.v. biweekly |230 |79% 68.8% estimated DFS at 10 years
2003 [42]
Flinn et al. Pentostatin 4 mg/m? i.v. biweekly | 241 | 76% 67% estimated RFES at 10 years
2000 [42]
Else et al. Pentostatin 4 mg/m? i.v. every 1 185 | 81% Median time to relapse—15 years; 24% of
2005, 2009 or 2 weeks relapse at 5 years, 42% at 10 years
[29]
Zinzani etal. | 2-CDA 0.14 mg/kg/day i.v. for 5 121 | 77% Median time to relapse—2.7 years
2010 [44] days or once a week for five
cycles
Inbar et al. 2-CDA i.v. (62%) or s.c. 38%) as | 159 | NR Median time to next treatment after
2018 [45] a daily injection for 5 consecutive first-line therapy—9.3 (0-15.5) years.
days
Forconietal. | 2-CDA s.c. 0.5-0.7 mg/kg as a 148 1 68.2% | After a median follow-up of 37.5 months
2010 [46] single course (range 12-67), 5-year TFS, 67%; RFS,
71%; and OS, 94%

2-CDA 2-chlorodeoxiadenosine, cladribine, CR complete response, DFS disease-free survival, OS overall survival, RFS

relapse-free survival, TFS treatment free survival

Pentostatin is usually administered at a dose of
4 mg/m? i.v. every second week, until CR with
one or two consolidating injections [29, 40, 42,
43]. Pentostatin is more effective than interferon-o
(IFN-ar) in HCL patients, as confirmed in a large,
multicenter, randomized trial [40]. Purine nucleo-
side analogs dramatically improved the prognosis
for patients with HCL. Durable and unmaintained
remission is observed in 76-98% of patients, with
relapse rates of about 30—40% after 5-10 years of
observation, and in many patients, overall OS is
longer than 20 years [29, 43, 50].

Although no direct comparison between pen-
tostatin and cladribine has been performed in any
randomized trial, no significant difference has
been found between the two with regard to their
efficacy or safety. Both agents can be used as

frontline treatment of HCL. Cladribine is most
commonly used due to its simpler administration
and its lower renal toxicity [51, 52]. However,
pentostatin has been successfully administered to
patients with an active infection due to the grad-
ual administration of titrated doses of this drug.
In addition, cladribine can induce remissions in
patients resistant to pentostatin [53—-56]. A sum-
mary description of larger clinical trials with
purine analogs in classic HCL is given in
Table 12.2.

Whether rituximab should be administered
concurrently or sequentially with cladribine to
obtain the maximum benefit in previously
untreated patients remains unclear [57]. In a
recent phase 2 study, cladribine 5.6 mg/m?* was
given intravenously daily for 5 days, followed
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approximately 1 month later with rituximab
375 mg/m?i.v. weekly for 8 weeks. In 59 patients
with untreated HCL, the CR rate was 100%. With
a median follow-up of 60 months, 5-year failure-
free survival (FFS) was 95%. In addition, 94% of
the patients achieved negative MRD. However,
the combination of rituximab with a purine
nucleoside analog as up-front therapy for classic
HCL has not been prospectively compared to
purine analog therapy alone.

IFN-o may still have a place in front-line
treatment of HCL, but its use is currently limited.
It can be used in pregnancy and in patients
presenting with neutropenia below 0.2/pL, when
the risk of infection due to nucleoside analog
therapy is high [58, 59].

The indications for splenectomy are limited in
the era of currently available drugs. Splenectomy
can be considered in pregnancy when INF-a
treatment fails [60, 61]. Moreover, splenectomy
can be effective for patients with splenic rupture
and in patients with disease refractory to avail-
able therapeutic agents.

12.8 Treatment of Relapsed
and Refractory Patients
with Classic HCL

Despite the high efficacy of purine analogs, sev-
eral patients will relapse during the course of
their disease. However, similarly to previously
untreated patients, relapsed patients do not
always require treatment at the time of diagnosis,
and indications for subsequent lines of therapy
are similar to those made at diagnosis. In relapsed
patients, re-induction with cladribine or pento-
statin again induces remissions. However, in
many patients treated with purine analogs as a
single agent, responses are usually shorter and
some patients develop refractory disease. Patients
who relapse within 2-3 years after the first course
of treatment have worse prognosis and a lower
likelihood of achieving second durable CR; in
addition, some patients have disease refractory to
purine analog therapy. The median duration of
response to second-line cladribine monotherapy
is around 3 years [42, 44].

In early relapse (before 12—18 months), ritux-
imab may be given at a dose of 375 mg/m? for
four to eight doses as weekly IV infusions [62].
Response is seen usually in more than 50% of
patients with refractory to or relapsing disease.
Longer responses are achievable with sequential
cladribine followed by rituximab [43, 57, 62]. In
one study of the use of cladribine followed by
rituximab for relapsed disease, the CR rate was
found to be 100%, and the 5-year FFS and OS
100% among 14 participating patients [57]. Of
this group, the median duration of response was
found to be longer among the 12 patients who
had received prior cladribine monotherapy, i.e.,
as second-line treatment with cladribine followed
by rituximab, than two treatment-naive patients,
who received this course as first-line cladribine
monotherapy (P = 0.004). Alternatively, ritux-
imab can be administered concurrently with
purine analogs; this combination is more active
than rituximab alone but is also more toxic than
sequential treatment.

Few treatment options are available for
patients who progress following first-line therapy
with a purine analog and/or rituximab.
Interferon-o (IFN-a) may be an effective treat-
ment option for selected patients with relapsed
HCL. However, only PRs can be achieved in the
majority of patients, and prolonged treatment is
necessary to maintain remission [63-65].
Although IFN-a eliminates leukemic cells from
the blood and reduces bone marrow fibrosis, con-
tinuous therapy is less convenient to the patient
and decreases quality of life due to flu-like symp-
toms and fatigue. Patients experiencing side
effects may lower their dose or temporarily dis-
continue the treatment (drug holiday) and resume
IFN-a at the time of relapse.

The use of fludarabine or bendamustine com-
bined with rituximab could be also considered in
relapsed patients. Fludarabine given at a dose of
40 mg/m? p.o. on 5 consecutive days in combina-
tion with an intravenous injection of rituximab
375 mg/m? on day 1, every 28 days for 4 cycles,
may be a therapeutic option in relapsed or refrac-
tory patients previously treated with cladribine
[66]. After a median follow-up of 35 months,
5-year PFS was found to be 89% and OS 83%.
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The combination of bendamustine and rituximab
has also activity in multiply relapsed/refractory
HCL. Burotto et al. treated 12 patients with HCL
with two or more prior therapies requiring treat-
ment with rituximab 375 mg/m? on days 1 and 15
and bendamustine 70-90 mg/m? on days 1 and 2,
for 6 cycles at 4-week intervals [67]. The overall
response rate was 100%, including CR in seven
patients. MRD was absent in six patients with CR,
who remained in CR for 30-35 months of follow-
up. The most common adverse events (AEs) were
thrombocytopenia (83%), lymphopenia (75%),
leukopenia (58%), and neutropenia (42%).

The anti-CD22 recombinant immunotoxin
moxetumomab pasudotox (LUMOXITI™, Astra
Zeneca) is now an important drug for the treat-
ment of HCL, especially in patients where con-
ventional therapies produce limited responses or
treatment failure. Moxetumomab pasudotox is
composed of the Fv fragment of an anti-CD22
monoclonal antibody fused to a 38-kDa fragment
of Pseudomonas exotoxin A, PE38. The drug was
investigated in a phase 1 trial in 26 patients with
refractory/relapsed HCL [68]. Nineteen patients
(73.1%) responded with a CR rate of 34.6% and
a PR rate of 38.5%. Moxetumomab pasudotox
produced inferior responses in splenectomized
patients and in patients with massive splenomeg-
aly. In an extension study, the combined
33-patient cohort displayed 88% OR, including
64% CR [69]. Importantly, CR duration was lon-
ger (42.1 months) in 11 MRD-negative patients
than in 9 MRD-positive patients (13.5 months)
(P < 0.001). Among MRD-negative CRs, ten
patients had ongoing CR and nine were without
MRD at the end of the study. Moxetumomab
pasudotox is so far the only nonchemotherapy
treatment that can eliminate MRD in a significant
percentage of HCL patients. The results from the
phase 1 study have been confirmed recently in a
pivotal, multicenter, open-label trial performed in
80 relapsed/refractory patients [70]. The objec-
tive response rate was 75% and durable CR rate
was 41%. Among patients who achieved a CR, 27
(85%) achieved MRD negativity as evaluated by
immunohistochemistry. The most frequent AEs
included peripheral edema (39%), nausea (35%),
fatigue (34%), and headache (33%). Hemolytic

uremic syndrome (7.5%) and capillary leak syn-
drome (5%) were also observed, but they were
reversible and generally manageable with sup-
portive care and treatment discontinuation. In
2018, moxetumomab pasudotox received FDA
approval for the treatment of patients with
relapsed or refractory HCL who had received at
least two prior systemic therapies, including
treatment with a purine nucleoside analog [71].
Patients refractory to purine analog therapy and
moxetumomab pasudotox should be enrolled on
clinical trials that use new agents whenever
possible.

Splenectomy may be indicated in patients
who have resistant massive symptomatic spleno-
megaly (>10 cm below the costal margin) and
accompanying low-level bone marrow infiltra-
tion [52]. Another indication for splenectomy is
progressive HCL refractory to nucleoside ana-
logs and IFN-a. Chemotherapy should not be
given until at least 6 months after splenectomy.

Allogeneic stem cell transplantation should be
considered in heavily pretreated younger patients
who have had multiple relapses and are refrac-
tory to purine analogs and rituximab [72-74].

12.9 Treatment of Hairy Cell
Leukemia Variant

Potential treatment options for HCL-V patients
include splenectomy, purine nucleoside analogs
(cladribine, pentostatin), IFN-a, monoclonal
antibodies and immunotoxins, and immunoche-
motherapy [24, 75]. The results of cladribine
monotherapy in HCL-V are inferior to those
achieved with cladribine in classic HCL, with a
response rate of less than 55% and few examples
of CR being reported [39, 76, 77]. However,
some reports indicate that HCL-V patients had
shorter time to next treatment than those with
classical HCL but demonstrated similar OS [78].
Rituximab combined with cladribine is more
effective in treating HCL-V than cladribine alone
or rituximab alone. In a study performed by
Kreitman et al., cladribine was given at a dose of
0.15 mg/kg on days 1-5, with eight weekly doses
of 375 mg/m? rituximab, beginning on day 1 [79].
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Of 10 patients, 9 achieved a CR, including 8
(88%) with MRD negativity at 12-48 (median
27) months of follow-up. In other study, the effi-
cacy of cladribine followed by four weekly doses
of rituximab was also evaluated in seven patients
with HCL-V [57]. CR rate was 86%, 5-year FFS
64%, and OS 51.4%. Cladribine followed by
immediate rituximab seems also to be an effec-
tive first-line treatment in HCL-V. Visentin et al.
reported three previously untreated elderly
patients who were effectively treated with four
cycles of this combination [80]. All patients
achieved a CR with no evidence of MRD. After a
median follow-up of 19 months, all three patients
were still in CR. Similar results were recently
reported by Letendre and Doll [81]. Complete
responses were also observed in relapsed patients
treated with moxetumomab pasudotox [70].
Novel agents like ibrutinib and trametinib are
also considered for the treatment of this disease
[82, 83]. Splenectomy is recommended in some
patients as it may induce clinical responses, cor-
rect cytopenias, remove the bulk of the tumor,
and improve responses to chemo- or immunoche-
motherapy. In addition, autologous and allogenic
hematopoietic stem cell transplantation can be
taken into account in relapsed/refractory cases.

12.10 Novel Agents

Recently, new targeted drugs are investigated in
HCL, including vemurafenib and ibrutinib
(Table 12.3). Vemurafenib (Zelboraf™, Roche) is
the oral BRAF V600 inhibitor that has remark-
able activity in multiply relapsed and refractory
HCL patients with rapidly decreased splenomeg-
aly, increased platelet counts, and normalization
of hemoglobin and granulocyte counts [13, 84—
87]. The safety and activity of vemurafenib were
assessed in relapsed and refractory patients with
classic HCL in two phase 2, multicenter studies
in Italy and in the USA [86]. Vemurafenib was
administered at a dose of 960 mg twice daily for
a median of 16 weeks in the Italian study and
18 weeks in the US study, resulting in OR rates of
96% (CR 35%) in the Italian study and 100%
(CR 42%) in the US study. Among the patients

with CR, the median relapse-free survival (RFS)
was 19 months, and the median treatment-free
survival (TFS) was 25 months. Among those with
PR, PFS was 6 months and TFS 18 months. Rash
and arthralgia or arthritis were the most frequent
AEs, and secondary cutaneous tumors was
observed in 7 of 50 patients. Lower doses of
vemurafenib are also effective in HCL. Dietrich
et al. treated 21 heavily pretreated patients with
vemurafenib starting at 240 mg BID and escalat-
ing to 720 or 960 mg in four patients [87]. CR
was achieved in 40% (6/15) of evaluable patients,
and median event-free survival (EFS) was
17 months. The response rate and kinetics of
response were independent of vemurafenib dos-
age, and no significant difference in CR rate was
found between lower and higher doses of vemu-
rafenib. Vemurafenib is usually better tolerated
than purine nucleoside analogs, and the risk of
myelosuppression is relatively low. In addition,
vemurafenib administration is associated with
improvement in peripheral blood counts in
infected patients. However, profound cytopenias
and severe infections were also observed in HCL
patients [88]. Other side effects noted with BRAF
inhibitors include skeletal pain, photosensitivity,
skin tumors, and renal toxicity. Secondary diffuse
large B-cell lymphoma and well-differentiated
squamous cell carcinoma were also observed in
HCL patients treated with vemurafenib [89].
Vemurafenib combined with anti-CD20
monoclonal antibodies is even more effective
than vemurafenib alone [90]. A phase 2 study by
Tiaci et al. evaluated 31 patients who were either
relapsed or refractory to purine analogs.
Vemurafenib was administered at a dose of
960 mg twice daily for 8 weeks and rituximab at
a dose of 375 mg/m? on days 1 and 15. In addi-
tion, four doses of rituximab were given every 2
weeks after vemurafenib dosing. CRs were
achieved in all 27 patients evaluable for efficacy.
In addition, about two-thirds of the patients were
found to be MRD negative in the BM by immu-
nohistochemistry and flow cytometry. In the
median follow-up period of 1.5 years, only 1 of
27 evaluable patients progressed. This
chemotherapy-free regimen produces deep and
durable responses in heavily pretreated patients
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with HCL and is superior to monotherapy with
either vemurafenib or rituximab in the previous
trials.

Dabrafenib, another BRAF inhibitor, is also
promising and merits further evaluation in larger
clinical trials [91, 92]. Combination therapy with
BRAF and MEK inhibitors can be also more
effective than vemurafenib alone and overcome
vemurafenib resistance. A recent report presented
interim analysis results of treatment with the
combination of BRAF inhibitor dabrafenib and
MEK inhibitor trametinib [93]. Treatment was
used in 43 patients with heavily pretreated BRAF-
V600E-mutated HCL that was refractory to first-
line treatment with a purine analog or relapsed
after two or more prior lines of treatment. This
drug combination was well tolerated and demon-
strated a high rate of durable responses. OR rate
was 78% including 49% CR and 15% CR with-
out MRD. Sixteen (50%) responses lasted
18 months or longer and 97.6% PFS and OS rates
at 12 months.

Finally, Bruton’s tyrosine kinase pathway
inhibitor ibrutinib is also being tested in patients
with HCL and can induce a stable disease in most
patients, including those with HCL-V [82, 94].
Consequently, multicenter phase 2 trials evaluat-
ing the role of ibrutinib in patients with relapsed
HCL have been initiated (NCTO01981512,
NCT01841723). In the coming years, new agents
will assist standard therapy for patients with HCL
who may currently have suboptimal results after
treatment with purine nucleoside analogs [95].

12.11 Treatment Complications
and Supportive Care

Chemotherapy with purine analogs commonly
leads to immune suppression and myelosuppres-
sion with cytopenias, as well as high risk of
infections and bleeding, leading to hospitaliza-
tion. In patients with febrile neutropenia, investi-
gation for opportunistic, fungal, and viral
infections is indicated, and treatment with broad-
spectrum antibiotics and antifungal and antiviral

drugs is recommended [2]. Patients treated with
purine nucleoside analogs should receive pro-
phylaxis for herpes simplex virus and varicella
zoster virus, as well as prophylaxis against
Pneumocystis jirovecii [2]. In patients with lym-
phopenia treated with cladribine or pentostatin,
co-trimoxazole (960 mg three times per week)
and aciclovir (200 mg three times per day) are
recommended 1 week after purine analog admin-
istration. This prophylaxis should be given until
the lymphocyte count increases to >1 x 10°/L [2].

Granulocyte colony-stimulating factor may be
considered for patients with severe neutropenia
and life-threatening infection, but their role has
not been proven. Annual influenza immuniza-
tions are also indicated as well as immunizations
against Streptococcus pneumoniae. However,
live viral vaccines are contraindicated. Transfused
blood products should be irradiated to prevent
transfusion-associated graft-versus-host disease.

12.12 Conclusions

Hairy cell leukemia is characterized by progres-
sive pancytopenia, splenomegaly, and leukemic
infiltrations of the bone marrow, liver, and spleen,
The recent WHO classification distinguishes
classic form of HCL and its HCL variant (HCL-
V) as two distinct entities. Hairy cell leukemia
usually has an indolent disease course. Most
cases with classic HCL are BRAF-V600E-
positive, but no cases of BRAF-V600E mutation
have been described in HCL-V. The purine nucle-
oside analogs cladribine and pentostatin are
effective drugs in the treatment of HCL; however,
the disease mostly remains incurable, and new
treatment options are needed for patients resis-
tant to purine analog therapy. Rituximab is an
active drug in HCL. The combination of ritux-
imab with purine nucleoside analogs increases
the occurrence and duration of response rates.
Recently, the immunotoxin moxetumomab pasu-
dotox received approval in the USA for the treat-
ment of relapsed or refractory HCL patients who
received at least two prior systemic therapies,
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Observation
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If symptomatic splenomegaly (>10 cm
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accompanied low-level bone marrow

infiltration:Consider splenectomy
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| Rituximab + bendamustin |

/ \

12-18 months: After 12-18 months:
rituximab + cladribine retreatment with cladribine
or or
rituximab + pentostatin pentostatin

OR rituximab + fludarabine |

OR moxetumomab pasudotox if available |

OR vemurafenib if available |

OR clinical trials with new agents |

OR consider allogenic hematopoietic
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Fig. 12.1 Therapeutic algorithm for the treatment of patients with classic hairy cell leukemia

including treatment with a purine nucleoside ana-
log. Vemurafenib, an ATP-competitive BRAF
inhibitor, is an active and well-tolerated drug in
refractory or relapsed patients with classic HCL
but not with HCL-V. Ibrutinib, an inhibitor of
Bruton’s tyrosine kinase, has been shown to dem-
onstrate antitumor activity in HCL patients,
including HCL-V. The therapeutic algorithm for
the treatment of patients with classic HCL is pre-
sented in Fig. 12.1.
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