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Updates in hairy cell leukemia (HCL) and 
variant-type HCL (HCL-V): rationale for 
targeted treatments with a focus on ibrutinib
Jérôme Paillassa, Firas Safa and Xavier Troussard

Abstract: Hairy cell leukemia (HCL) and HCL-like disorders such as hairy cell leukemia 
variant (HCL-V) and splenic diffuse red pulp lymphoma (SDRPL) are rare indolent B-cell 
malignancies. Purine analogs (PNAs), alone or in association with rituximab (R), are the 
standard of care for HCL in the first-line setting. However, PNAs are toxic and patients 
may become resistant to these drugs. Therefore, new therapeutic strategies are needed. 
Several recent in vitro studies highlighted the importance of the interactions between HCL 
cells and their microenvironment, in particular with bone marrow stromal cells, endothelial 
cells, and the extracellular matrix. In these interactions, chemokine receptors and adhesion 
molecules play a major role. Moreover, the importance of signaling pathways, like BRAF, 
BCR, and CXCR4 has been underlined. Bruton’s tyrosine kinase (BTK) is a fundamental signal 
transmitter of BCR and CXCR4 in HCL. Preclinical and recent clinical data showed an efficacy 
of ibrutinib, a BTK inhibitor (BTKi), in HCL and HCL-V. These promising results joined those of 
other emerging drugs like BRAF or MEK inhibitors and anti-CD22 immunotoxins.
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Plain Language Summary

Bruton’s tyrosine kinase (BTK) inhibitors (BTKi) in hairy cell leukemia (HCL) and 
variant-type HCL

The treatment of hairy cell leukemia (HCL) has changed significantly in recent years. In 
the first-line settings, treatment with purine analogs (PNAs) with or without anti-CD20 
monoclonal antibodies remains the gold standard in 2022. In relapsed/refractory HCL, 
other drugs are needed: BRAF inhibitors: vemurafenib monotherapy with or without 
rituximab or dabrafenib in combination with trametinib, an MEK inhibitor (MEKi), as well 
as the anti-CD22 antibody drug conjugate moxetumomab pasudotox.
There are arguments for the use of Bruton’s tyrosine kinase inhibitors (BTKi). 
Ibrutinib was recently tested in a multisite phase 2 study in 37 patients with either 
HCL (28 patients: 76%) or HCL-V (nine patients: 24%) including two who were 
previously untreated. Patients received single-agent ibrutinib at 420 mg daily (24 
patients) or 840 mg daily (13 patients) until disease progression or unacceptable 
toxicity. The overall response rate (ORR) at 32 weeks was 24%, increasing to 36% 
at 48 weeks and reaching 54% at any time since starting ibrutinib. Seven patients 
achieved a complete response (CR) as the best response at any time on study, while 
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Introduction
Classic hairy cell leukemia (HCL) and HCL-like 
disorders, including the hairy cell leukemia vari-
ant (HCL-V) and splenic diffuse red pulp lym-
phoma (SDRPL), are a very heterogeneous group 
of mature lymphoid B-cell disorders character-
ized by the identification of hairy cells, a specific 
immunophenotypic and genetic profile, a differ-
ent clinical course and the need for appropriate 
treatment.

Initially described in 1958,1 HCL is a well-defined 
and distinct entity in the fourth revised 2017 clas-
sification of the World Health Organization 
(WHO) of hematopoietic and lymphoid tumors.2 
In 2016, the number of new HCL cases is esti-
mated at 1100 in the United States.3 It is four to 
five times more frequent in men than in women. 
The median age of patients at diagnosis is 63 years 
in men and 59 years in women.4 HCL patients 
present with splenomegaly, pancytopenia, or 
infections. HCL diagnosis is based on morpho-
logical evidence of circulating leukemic cells, 
usually in low numbers in the blood, (Figure 
1(a)), an HCL immunologic score of 3 or 4 based 
on the CD11c, CD103, CD123, and CD25 
expression,5 a variable degree of medullary infil-
tration and the presence of a BRAFV600E muta-
tion in the B-raf proto-oncogene (BRAF gene) 
(7q34).6 The BRAFV600E mutation results in a 
constitutive activation of the Ras-Raf-MEK-
ERK pathway. Ex vivo and human studies have 
demonstrated that HCL cells present high levels 
of mitogen-activated extracellular signal-regu-
lated protein kinase (MEK) and extracellular 

signal-regulated kinase (ERK) phosphorylation 
the levels of which are reduced by inhibitors of 
BRAF (BRAFi) (vemurafenib and dabrafenib).7 
Suggesting an involvement of B-cell receptor 
(BCR) signaling in HCL pathogenesis, Weston-
Bell et  al.8 reported that BCRs of HCL cells 
respond to antibody-mediated cross-linking with 
an increase in cellular calcium levels, ERK phos-
phorylation, and apoptosis. Conversely, the abil-
ity of BCR cross-linking to protect primary HCL 
cells from undergoing spontaneous apoptosis 
was reported in vitro. Importantly, pretreatment 
with the Bruton’s tyrosine kinase (BTK) inhibi-
tor, ibrutinib, completely abrogated these effects, 
suggesting a therapeutic relevance of the BCR 
pathway in HCL.9

HCL is sometimes confused with other HCL-like 
disorders, especially splenic B-cell lymphoma/
leukemia, unclassifiable, including HCL-V, 
SDRPL, and splenic marginal zone lymphoma 
(SMZL).

HCL-V is a provisional entity representing 810 
new incident cases in the United States in 2016.3 
The circulating abnormal lymphoid cells have a 
morphology intermediate between prolympho-
cytes and hairy cells (Figure 1(b)). The HCL 
immunological score is low (0 or 1): there is no 
expression of CD25 and CD200. CD123 expres-
sion is inconstant and weak.10–12 A high prevalence 
of activating mutations in the mitogen-activated 
protein kinase 1 (MAP2 K1) gene (15q22.1-
q22.3) was identified with an overall frequency of 
48%.13,14 MAP2 K1 mutations are predominantly 

13 patients had a partial response (PR) and 10 patients had stable disease (SD). 
Interestingly, the response rate was not statistically different between HCL and 
HCL-V patients, suggesting that ibrutinib could be an option in both entities. The 
estimated 36-month progression-free survival (PFS) was 73% and the estimated 
36-month overall survival (OS) was 85%, with no differences between HCL and 
HCL-V. The frequency of cardiovascular grade 1–2 adverse events (AEs) was 16% 
for atrial fibrillation; 3% for atrial flutter; 32% for hypertension; and 0%, 3%, and 
11%, respectively, for grade ⩾ 3 AEs. Unlike in chronic lymphocytic leukemia (CLL), 
where the mechanism of action of ibrutinib is well known, the mechanism of action of 
ibrutinib in HCL appears to be unclear. No mutations were identified in patients with 
progressive disease, suggesting that the mechanisms of resistance could be different 
between HCL and CLL. The BTKi that are not yet approved are challenged by the new 
other targeted treatments.

https://journals.sagepub.com/home/tah


J Paillassa, F Safa et al.

journals.sagepub.com/home/tah 3

detected in HCL patients expressing immuno-
globulin (Ig) heavy variable 4-34 gene (IGHV4-
34) and in HCL-V whatever the IGHV 
rearrangements. TP53 aberrations, accounting for 
30–40% of patients, are associated with a signifi-
cant risk for chemoresistance.15–18

SDRPL is a provisional entity, very close if not 
identical to HCL-V.19 SDRPL could be the first 
step before the occurrence of HCL-V and is char-
acterized by the presence of a large proportion 
(median: 60%) of small to medium-sized villous 
lymphoid cells in peripheral blood. The abnormal 
lymphoid cells have a polar distribution of the villi 
and the nucleolus is small or not visible. The 
monoclonal B cells express CD11c (97%), incon-
sistently CD103 (38%), and rarely CD123 (16%) 
or CD25 (3%).20 The CD200/CD180 median 
fluorescence intensity (MFI) ratio may be helpful 
to distinguishing HCL from SDRPL, with a ratio 
of 0.5 or less in favor of SDRPL. The BRAFV600E 
mutation has not been described in this entity. 
CCND3 mutations involving the regulatory 
PEST domain, leading to cyclin D3 overexpres-
sion were observed in less than 25% of SDRPL 
patients.21

SMZL is characterized by the presence of abnor-
mal lymphoid cells with round nuclei, condensed 
chromatin, and basophilic cytoplasm with polar 
short villi (also known as ‘villous lymphocytes’) in 
the peripheral blood. Heterogeneity in blood mor-
phology is common, ranging from small lymphoid 

cells without specific features, to various degrees 
of monocytoid and plasmacytoid differentiation. 
A scoring system based on CD11c, CD22, CD76, 
CD38, and CD27 expression has been designed 
to differentiate SDRPL from SMZL.20 Unlike 
HCL and HCL-V, SMZL develops in the white 
pulp of the spleen with a biphasic picture; lym-
phoma cells may involve the red pulp in patchy or 
diffuse fashion, with subsequent spread to the 
sinuses.

HCL patients should be treated only if they are 
symptomatic.22,23 Chemotherapy with risk adapted 
therapy purine analogs (PNAs) are indicated in 
first-line HCL patients. The use of chemoim-
munotherapy combining PNAs and rituximab 
(R) represents an increasingly used therapeutic 
approach.24 Long remissions are typically achieved, 
but most cases relapse and require further ther-
apy.25 In relapsed/refractory (R/R) HCL patients, 
novel therapeutic approaches are needed in utiliz-
ing less-immunosuppressive drugs than PNAs.26 
In this review, we will focus on the interest of 
BTK inhibitors (BTKi) as a strategy in HCL and 
HCL-V.

Purine analogs: a standard option in 
symptomatic and early HCL without  
active infection
PNAs are the mainstay of HCL for physically fit 
and symptomatic HCL patients, conferring in 
most cases a long overall survival (OS) in first 

Figure 1. Hairy cells. (a) Typical HCL and (b) variant-type of HCL (HCL-V). From the Laboratoire 
d’Hématologie, CHU de Caen Normandie, France.
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line.27 Either cladribine (CDA) ± R or pentosta-
tin (DCF) ± R are the recommended standard 
first-line treatments.28 In large retrospective 
series, including both agents, 76–92% of patients 
receiving chemotherapy achieved a complete 
response (CR) with an overall response rate 
(ORR) of 95–100%, with no significant differ-
ence in CR or ORR observed between both 
agents.25,29–31 Therapy with PNAs increases the 
risk of myelosuppression and infection with com-
mon pathogens and opportunistic infections 
(OIs). PNA therapy is effective but associated 
with significant toxicities that increase cost.

Recent data suggest that adding R to CDA has 
therapeutic potential and could improve the dura-
tion of CR. The treatment schedule varies 
between studies: simultaneous versus sequential 
schedule, number of R infusions, frequency of R 
infusions, R only for minimal residual disease 
(MRD). Chemoimmunotherapy associating 
CDA followed by R 1 month later, scheduled 
weekly for 8 weeks was introduced in early HCL 
to achieve undetectable MRD (MRDu) and get 
durable CR in untreated patients.32 In a phase II 
clinical trial enrolling 80 patients (59 untreated 
patients), CR rate was 100% demonstrating a 
high efficacy of chemoimmunotherapy in front-
line therapy. Five-year failure-free survival (FFS) 
and OS were 94.8% and 96.8%, respectively. 
The regimen was well tolerated, with no severe or 
unexpected toxicity. In a randomized study, 68 
patients received CDA with eight weekly doses of 
R.33 The first group received R on day 1 (CDAR) 
and the second started R later at 6 months after 
CDA. At 6 months, the CR rate was 100% for 
CDAR versus 88% for CDA. The CR rate with 
undetectable MRD was significantly different: 
97% and 24%, respectively. In addition, at a 
median follow-up of 96 months, the MRD-free 
rate was 94% for CDAR and only 12% for CDA, 
suggesting that CDAR could be an option in first-
line therapy.

Chemoimmunotherapy is currently the standard 
option in HCL-V as frontline treatment.18 Twenty 
patients with HCL-V, including eight previously 
untreated, received CDAR. Patients received a 
second course of eight weekly doses of R at least 
6 months after the first course if MRD was 
detected in the peripheral blood. Fourteen 
patients achieved CR at 4 weeks, with 9/18 evalu-
able patients achieving negative MRD. At 
6 months after CDAR, 18/20 (90%) patients 

sustained CR with 16 (80%) patients MRDu by 
immunohistochemistry and flow cytometry 
(blood and bone marrow). The 5-year progres-
sion-free survival (PFS) was 63.3% and the 5-year 
OS was 74%. Eleven patients received delayed R 
between 6 and 82 months (median: 345.8 months) 
and two additional patients received chemoim-
munotherapy because of rapid progression of  
the disease. Patients who achieved MRDu CR at 
6 months had longer PFS (not reached versus 
17.4 months) and OS (not reached versus 
38.2 months) compared with those who did not. 
Five of 19 evaluable patients (26%) had TP53 
mutations: these patients had significantly more 
MRD positivity at 6 months compared with those 
without mutation.

One of the most challenging clinical situations 
involves the patient with symptomatic HCL and 
febrile infection. Attempts to control the infection 
should be pursued prior to instituting the PNA. If 
it is not possible to control the infection or in the 
event of a health crisis (Sars-Cov-2), the use of 
interferon alpha (IFNα) or vemurafenib as bridg-
ing therapy could be required transiently.34 Note 
that the use of IFN, a possible alternative in preg-
nant women, becomes more and more difficult 
due to a production stop by laboratories.

Toxicities of repeated treatments with PNA and 
the loss of sensitivity to PNA in R/R HCL patients 
have led to a need for emerging and less toxic 
therapeutic strategies in HCL. The study of the 
tumor microenvironment and the signaling path-
ways allowed the development of new molecules.

Focus on the tumor microenvironment in 
HCL
Chemokine receptors and adhesion molecules are 
involved in the trafficking, homing, and retention 
of normal and malignant B cells, allowing access 
to different microenvironmental niches and also 
retention in different sites, such as the spleen, 
liver, lymph nodes, and/or bone marrow. The 
hairy cells accumulate in the red pulp of the 
spleen (the white pulp is typically atrophic) and in 
the sinusoids of the liver and tends to spare the 
lymph nodes. The marrow microenvironment is 
made up of a complex network of extracellular 
matrix (ECM) (proteins, soluble growth factors, 
and cytokines) and cellular niches. The niches are 
divided into two compartments. Osteoblasts and 
osteoclasts, bone marrow mesenchymal stroma 
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cells (BMSC), T regulatory cells (Treg), and 
macrophages form the endosteal (osteoblastic) 
niche. The vascular niche includes endothelial 
cells and marrow stromal reticular cells (CAR 
cells). The hematopoietic stem cells (HSCs) are 
located into endosteal niche: they are maintained 
in a quiescent state and if needed can migrate to 
the vascular niche where they can actively cycle.35 
The hairy cells can access different niches that are 
normally restricted to HSC.36

Figure 2 presents the interactions existing 
between HCL cells and the various components 
of the tumor microenvironment. HCL cells 
express on their surface high levels of the 
chemokine receptor CXCR4 (CD184):37–39 
CXCR4 is the receptor for the chemokine (C-X-C 
motif) ligand 12, which is secreted by BMSC and 
the CXCR4/CXCL12 cross-talk directs the 
abnormal lymphoid cells from the circulation into 
the marrow. HCL cells also express various adhe-
sion molecules that cooperate with chemokine 
receptors for retention of HCL cells in the mar-
row. HCL cells express high level of integrins, 
such as α4β1 or CD49d [also called very late acti-
vation antigen-4 (VLA-4)] binding to its ligand 
CD106 [also called vascular cell adhesion 

molecule 1 (VCAM-1)] in bone marrow, hepatic, 
and splenic sinusoids accounting for the preferen-
tial homing of HCL cells to the sinusoids.40,41 
The expression of CXCR4 and VLA-4 by HCL 
cells and their respective ligands by BMSC 
(CXCL12 and VCAM-1) induces adhesion of 
HCL cells to BMSC, which favors the retention 
of HCL cells in the BM and its protective milieu, 
and displaces normal hematopoietic progenitor 
cells. Moreover, in vitro experiments with cocul-
ture of HCL cells with BMSC showed pseudoem-
peripolesis, a phenomenon of migration of HCL 
cells underneath the layer of BMSC. This adhe-
sion and migration of HCL cells can be reduced 
after blockade of CXCR4 and CD49d receptors, 
highlighting the role of chemokine receptors and 
adhesion molecules in HCL cells interactions 
with the BM environment.36

Localization in the vitronectin-rich splenic red 
pulp could be related to HCL cell expression of 
the vitronectin receptor CD51 (αvβ3 integrin). 
CD51 also interacts with CD31 [platelet/endothe-
lial cell adhesion molecule 1 (PECAM-1)] and 
plays a role in HCL cell motility.42 Moreover, 
interactions between laminin expressed at the sur-
face of HCL cells and the basement membrane 

Figure 2. Interactions between HCL and its microenvironment.
BMSC, bone marrow stromal cell; ECM, extracellular matrix.
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could mediate replacement of endothelial cells by 
HCL cells, which could be responsible for hepatic 
hemangiomatous lesions and splenic pseudosi-
nuses.43,44 The lack of lymph nodes in HCL could 
be explained by the downregulation of several 
chemokine receptors, such as CD62 L (L-selectin), 
CXCR5, and CCR7.37,38

Chemokine receptors and adhesion molecules 
allow HCL cells to interact with cellular compo-
nents and the ECM of the marrow environment. 
These interactions offer stimuli for HCL cell sur-
vival, proliferation, and a protective milieu against 
certain treatments. For example, HCL cells have 
a high affinity for BMSC.45 This interaction acti-
vates signaling pathways into HCL cells, like 
NF-κB and MAP kinase, favoring their survival. 
When HCL cells are co-cultured with BMSC, 
there is an inhibition of apoptosis induced by 
BRAF inhibitors.7 Moreover, HCL cells express 
CD40 and are activated by CD40 crosslinking. 
CD40 ligand (CD154) is expressed at the surface 
of T cells. Thus, T cells of the tumor microenvi-
ronment could play a role in HCL progression.46 
Interactions of CD49d (VLA-4; α4β1) and 
CD49e (VLA-5; α5β1) expressed by HCL cells 
with FN prevent the apoptosis induced by tumor 
necrosis factor-alpha (TNFα) secreted by HCL 
cells as a response to IFNα.47 Importantly, HCL 
cells highly express CD44, which binds to 

hyaluronan (HA) expressed by BMSC and 
hepatic portal tracts. This interaction not only 
favors the localization of HCL cells in BM and 
liver, but also induces the autocrine production of 
fibronectin (FN) and basic fibroblast growth fac-
tor (bFGF/FGF-2) by HCL cells which, in addi-
tion to the synthesis of transforming growth factor 
beta 1 (TGF-β1), is responsible for the typical 
BM fibrosis found in HCL.48–51

Focus on the B-cell receptor pathway and 
BTK in HCL
Figure 3 presents signaling pathways of impor-
tance in HCL pathophysiology. The BCR complex 
of each B-cell comprises Ig with uniform non-
covalently binding activity associated with CD79a 
and CD79b. The cytoplasmic tails of CD79a/
CD79b contain an immunotyrosine-based activa-
tion motif (ITAM) that serves as a docking site for 
kinases and adapter proteins that participate in 
BCR signaling. B-cell activation following BCR 
stimulation is mediated through signaling cascades 
that involve activation of membrane-proximal 
kinases, such as spleen tyrosine kinase (SYK), 
BTK, and phosphoinositide 3-kinase δ (PI3Kδ). 
The three kinases (SYK, BTK, and PI3Kδ) have 
become the target of kinase inhibitors, which have 
emerged over the past few years in patients with 
chronic lymphocytic leukemia (CLL),52 mantle 

Figure 3. Signaling pathways and their inhibitors in HCL.
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cell lymphoma (MCL),53 Waldenström macroglob-
ulinemia (WM),54 and diffuse large B-cell lym-
phoma (DLBCL) of the activated B-cell-like 
(ABC)55 subtype and more recently in HCL.56 
Active BTK signals through further phosphoryla-
tion and activation of phospholipase Cγ2 (PLCG2) 
accompanied by calcium mobilization. Stimulation 
of this pathway ultimately leads to activation of 
NF-κB and MAP kinase pathways, which in turn 
results in increased proliferation, survival, and 
migration of B cells. Moreover, activation of the 
BCR pathway induces secretion of chemokines like 
CCL3 and CCL4 by normal or malignant B cells, 
which in turn attracts monocytes and T cells.57

BCR signaling has emerged as a key pathway for 
the expansion of neoplastic B-cell clones in sev-
eral B-cell malignancies. The mechanisms that 
activate BCR signaling differ among subtypes of 
B-cell lymphoma and leukemia. These include 
BCR stimulation by foreign or self-antigens, or 
the acquisition of mutations in components of the 
BCR pathway that result in autonomous or 
enhanced antigen-induced BCR signaling (tonic 
BCR signaling).

The most solid evidence for the involvement of 
the BCR and BCR signaling in HCL pathogene-
sis arises from structural analyses of HCL BCR 
molecules. These reveal a biased Ig heavy (IGH) 
and Ig light (IGL) variable gene segment reper-
toire, as well as the existence of mutated and 
unmutated HCL cases. Analysis of Ig heavy 
chain variable (IGHV) region gene mutation sta-
tus allows to identify a mutated profile in nearly 
80% of HCL patients (M-HCL). The M-HCL 
profile is defined by less than 98% sequence 
homology with the corresponding consensus 
germline sequence. Conversely, 20% of HCL 
patients are unmutated (U-HCL), with 98% or 
more sequence homology: patients with U-HCL 
define a minor subgroup of patients with more 
aggressive disease and shorter survival, whereas 
M-HCL patients typically have slower disease 
progression and longer survival.15,58 U-HCL and 
the usage of the IGHV4-34 gene segment are  
considered poor prognostic markers.59 The pat-
tern of IGHV mutations is identical in HCL-V 
and SMZL, with 22% and 15% of cases that show 
no evidence of somatic hypermutation in the 
IGHV genes.60 Interestingly, IGHV4-34 is over-
represented in both HCL-V and SMZL and is 
preferentially used in unmutated cases.

Suggesting an involvement of BCR signaling in 
HCL pathogenesis, Weston-Bell et  al.8 reported 
that BCR of HCL cells respond to antibody-
mediated cross-linking with an increase in cellular 
calcium levels, ERK phosphorylation, and apop-
tosis. On the contrary, we recently reported on 
the ability of BCR cross-linking to protect pri-
mary HCL cells from undergoing spontaneous 
apoptosis in vitro. Similarly, Sivina et al.9 demon-
strated that BCR triggering with anti IgA/IgG/
IgM increases HCL cells viability. They also 
demonstrated that BTK is expressed in HCL 
cells and that BCR stimulation increases phos-
phorylated (p)BTK, pERK, and pAKT levels, 
and increases the secretion of CCL3 and CCL4 
by HCL cells.9 Altogether, these data suggest that 
activation of the BCR in HCL cells induces BTK 
phosphorylation, calcium mobilization, activation 
of MAP kinase, and Akt pathways, favoring sur-
vival of HCL cells, and secretion of CCL3 and 
CCL4.

In addition to its role in the BCR pathway, BTK 
is a signal transmitter for CXCR4 in normal61 and 
in CLL B cells.62,63 Thus, BTK plays a major role 
in B-cell homing. Preclinical data on ibrutinib in 
HCL are in favor of a role of BTK in the CXCR4 
pathway in HCL cells as well.9

BRAF is a mediator of the BCR pathway and 
activation of the MAP kinases.64 Interestingly, the 
BRAF V600E mutation does not alter the 
response of B cells to BCR activation.9,65 Finally, 
HCL cells express different isotypes of the BCR. 
Therefore, there are various functional responses 
to BCR activation in HCL cells.65

Thus, the importance of BTK in the BCR and 
CXCR4 pathways in HCL has led to the use of 
BTKi in HCL and HCL-V.

Therapeutic advances in HCL and HCL-V: 
focus on ibrutinib
Ibrutinib (PCI-32765) is a first-in class, oral, 
once daily, and irreversible BTKi which cova-
lently binds to a cysteine residue (Cys-481) in the 
BTK kinase domain. Ibrutinib inhibits survival 
and proliferation of CLL cells in vitro.63 In addi-
tion, ibrutinib antagonizes the migration of CLL 
cells toward the chemokines CXCL12 and 
CXCL13 and decreases adhesion to FN and 
VCAM.63 Ibrutinib has been recently proven to 
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have therapeutic activity in R/R HCL. Currently, 
ibrutinib is not yet approved by the FDA in HCL 
and HCL-V.

Preclinical data in experiments using HCL cell 
lines and primary HCL cells showed promising 
efficacy of ibrutinib in HCL.9 Indeed, pre-incu-
bation of these cells with ibrutinib inhibits BTK 
phosphorylation, downstream kinases phospho-
rylation, BCR-induced secretion of CCL3 and 
CCL4, and reduces HCL cell survival after BCR 
stimulation with anti IgA/IgG/IgM. Interestingly, 
this study showed that low ibrutinib concentra-
tions induce full BTK target occupancy in HCL 
cells. Finally, pre-incubation of these cells with 
ibrutinib reduces pERK levels after CXCR4 
stimulation with CXCL12.9 Thus, ibrutinib, 
inhibiting the BCR and CXCR4 pathways, both 
playing a major role in HCL cells proliferation, 
survival, and migration, could be a good alterna-
tive therapeutic option for HCL patients.

Clinically, the efficacy of ibrutinib in HCL was 
noted in some case reports. Visentin et  al.66 
reported two R/R HCL-V patients treated with 
ibrutinib. The first one received ibrutinib 560 mg/
day in third line (first line: splenectomy and sec-
ond line: R bendamustine) and achieved an 
unconfirmed partial response (PR) at 6 months, 
with a duration of response (DOR) of 16.5 months 
before relapsing. The relapse was unsuccessfully 
treated with venetoclax. The second one received 
ibrutinib 560 mg/day, but it was stopped early 
because of gastrointestinal toxicities and easy 
bruising. The authors observed a spleen size 
reduction after 3 months of treatment. Bohn et al. 
reported the rapid effectiveness of ibrutinib 
420 mg/day in a patient treated for R/R HCL-V, 
with resolution of constitutional symptoms, 
decrease of spleen size and lymphocytosis, and 
increase of hemoglobin level. Despite the patient 
not meeting criteria for PR due to persistent 
thrombocytopenia, he was kept on ibrutinib after 
16 months of follow-up, with no major toxicity.67

Ibrutinib was recently tested in a multisite phase 
2 study in 37 patients with either R/R HCL (28 
patients: 76%) or HCL-V (nine patients: 24%) 
including two untreated.56 The median number 
of prior treatments was 4 (range: 0–12) in HCL 
patients, with all of them having previously 
received PNAs. Patients received single-agent 
ibrutinib at 420 mg daily (24 patients) or 840 mg 
daily (13 patients) until disease progression or 

unacceptable toxicity. The primary endpoint was 
ORR, including CR and PR at 32 weeks and the 
best response at any time since starting ibrutinib. 
The ORR at 32 weeks was 24%, increasing to 
36% at 48 weeks and reaching 54% at any time 
starting ibrutinib. One patient had a CR at 
32 weeks, eight patients a PR, 11 patients a stable 
disease (SD) and three patients a progressive dis-
ease (PD). Four patients were not evaluable for 
response. Seven patients achieved a CR as the 
best response at any time on study while 13 
patients had PR and 10 patients SD. Interestingly, 
the response rate was not statistically different 
between HCL and HCL-V patients, suggesting 
that ibrutinib could be effective in both entities. 
However, the trial was not designed to detect a 
significant difference between both entities: 6 
(21%) of 28 HCL patients versus 1 (11%) of 9 
HCL-V patients achieved CR, which certainly 
does not mean a higher CR rate in HCL versus 
HCL-V. The estimated 36-month PFS was 73% 
and the estimated 36-month OS was 85%, with 
no significant differences between HCL and 
HCL-V. These data suggest ibrutinib could be an 
option in some cases of HCL and HCL-V. The 
results are clearly inferior to those obtained with 
BRAFi, even if there are no comparative studies 
between both treatments. Adverse events (AEs) 
included diarrhea (59%), myalgia (54%), nausea 
(51%), and bruising (43%). The frequency of 
cardiovascular grade 1–2 AEs was 16% for atrial 
fibrillation, 3% for atrial flutter; 32% for hyper-
tension; and 0%, 3%, and 11%, respectively, for 
grade > or = 3 AEs. Unlike in CLL where the 
mechanism of effect of ibrutinib is well known, it 
is unclear in HCL. The mobilization of leukemic 
cells in the peripheral blood is not observed in the 
majority of patients, the persistence of pERK in 
HCL cells is not associated with a shorter PFS 
and pERK cannot be used as a marker of response. 
Several patients with presence of pERK after 32 
and 48 weeks of treatment have a durable benefit 
from ibrutinib. Resistance to ibrutinib is related 
to mutations in BTK or PLCG2 in CLL patients. 
Contrary to CLL, no mutation was identified in 
four patients (two HCL and two HCL-V) with 
progressive disease, suggesting a difference in the 
mechanisms of resistance between HCL and 
CLL, despite the number of HCL patients being 
insufficient to establish any conclusion.

New BTKi, acalabrutinib (ACP-196), tirabruti-
nib (ONO/GS-4059), zanubrutinib (BGB-3111), 
and pirtobrutinib (LOXO-305) are being widely 
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tested in CLL patients. Acalabrutinib, tirabruti-
nib, and zanubrutinib are irreversible BTKi and 
bind irreversibly to cysteine 481 of BTK. On the 
contrary, pirtobrutinib is a highly selective, revers-
ible BTKi, and could be effective even in the 
presence of the C481 S mutation of BTK.68 
However, ibrutinib remains the most well studied 
and predictable BTKi at present. The place of 
these new drugs in the treatment of HCL and 
HCL-V remains to be specified.

The isoform-selective phosphatidylinositol 3-kinase 
(PI3 K) inhibitors also disrupt the BCR signaling. 
Idelalisib in combination with R has been 
approved in R/R CLL and those with TP53 dis-
ruption. However, toxic side effects, such as coli-
tis, infections, and hepatitis were mentioned.69 
Other PI3 K inhibitors like duvelisib, copanlisib, 
acalisib, parsaclisib, umbralisib, and buparlisib, 
have been developed in CLL and non-Hodgkin 
lymphoma (NHL), with less toxicity than idelalisib 
for some of them.70 To our knowledge, no data are 
available in HCL and HCL-V patients.

Other targeted therapies in HCL and HCL-V
Other emerging drugs can be used for R/R HCL 
patients (Table 1). However, the optimal sequence of 
the different treatments remains to be determined.

Vemurafenib monotherapy has demonstrated 
significant activity in HCL.7 When using high 
dose (960 mg twice daily) for 16–18 weeks, the 
CR rates were 35% and 42% in two clinical tri-
als, respectively.71 Vemurafenib is also effective at 
lower doses. Indeed, in a study, including 21 
heavily pretreated HCL patients, vemurafenib 
was given at doses from 240 to 1920 mg/day.72 
Responses were observed independently of the 
dose and duration of treatment. In another study, 
low-dose vemurafenib (480–960 mg/day) was 
given in six HCL patients with an active infec-
tion.34 All patients achieved a response and 
recovered from the infectious disease. The drug-
related AEs include arthralgia or arthritis, rash 
or erythema, photosensitivity reaction, increased 
pancreatic enzymes, secondary cutaneous 
tumors (squamous-cell carcinoma and cutane-
ous superficial melanoma), and ocular toxicity, 
including central retinopathy and retinal vein 
occlusion. Results are similar with dabrafenib 
(150 mg twice daily), an another BRAFi for 
8–12 weeks.73 The association of vemurafenib 
with R has recently been proven to have a drastic 

therapeutic activity.74 In a phase II trial, a CR 
was achieved in 87% evaluable patients, a rate 
twice as high as that obtained with vemurafenib 
monotherapy. PFS was 78% at a median follow-
up of 37 months.

MEK inhibitors (MEKi) are also increasingly 
used in R/R HCL. In a phase II study, including 
43 heavily pretreated HCL patients, dabrafenib, 
an oral BRAFi, was given at 150 mg twice daily in 
combination with trametinib, an oral MEKi, at 
2 mg once daily, continuously until disease pro-
gression or unacceptable toxicity.75 The efficacy 
was impressive, with an ORR of 78% and a CR of 
49% (6/41 evaluable patients achieved MRD 
negativity). The 12-month PFS and OS were 
98%. However, toxicities were important with 
49% of patients experiencing grade 3–4 AEs and 
42% of patients having a dose reduction.

Another major therapeutic advance for R/R HCL 
is moxetumomab pasudotox (Moxe), the variable 
region of an anti-CD22 monoclonal antibody 
conjugated to the PE38 exotoxin of Pseudomonas 
aeruginosa.76 In the pivotal study, Moxe was given 
at 40 µg/kg/day iv at d1, d3, and d5, for a maxi-
mum of six 28-day cycles.77 The ORR, CR rate, 
and durable (>180 days) CR rate were 75%, 
41%, and 36%, respectively. Among patients 
achieving a CR, 82% were MRD negative, which 
can explain the rate of durable responses.78 With 
the exception of some patients experiencing low-
grade capillary leak syndromes or hemolytic ure-
mic syndromes, the tolerance was good. Strikingly, 
the three HCL-V patients did not achieve a CR. 
Moxe is now Food and Drug Administration 
(FDA) and European Medicines Agency (EMA)-
approved for HCL patients after at least two pre-
vious lines of therapy (including a PNA). Note 
that the drug should be difficult to obtain, due to 
a development stop in Europe.

Bcl2-inhibitors (Bcl-2i) can play a major role in 
the future. In a recent preclinical work, veneto-
clax, a Bcl-2i, showed its ability to induce apopto-
sis of HCL cells in in vitro experiments. However, 
stimuli from the microenvironment can protect 
HCL cells from venetoclax-induced cell death.79 
In a case report with a patient having both IGHV-
4-34 positive HCL-V with complex karyotype 
and TP53 mutation and a small CLL clone in the 
BM, ibrutinib was given at 420 mg/day alone for 
3 months, then in combination with venetoclax. 
There was a clear improvement in symptoms and 
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spleen size, even if there was no response on BM 
assessment.80

Conclusion
With the advent of targeted strategies, treatment 
choices have expanded particularly in R/R patients 
and patients are living longer. Careful considera-
tion is needed regarding treatment durations and 
optimal sequences, how best to respect patients’ 
needs, balancing toxicities while improving long-
term survival and maximizing depth of response. 
In R/R patients, BTKi are promising in HCL and 
HCL-V but are challenged by other therapeutic 
advances, in particular Moxe, BRAFi and MEKi. 
As observed in CLL, new drug combinations 
could emerge and prove to be effective in R/R 
patients: ibrutinib plus R, ibrutinib plus obinutu-
zumab or fixed duration treatments, such as ibru-
tinib plus venetoclax, a Bcl-2i that can play a 
major role in the future.

We use PNA ± R in the frontline setting. The 
association with R is encouraged in cases of HCL-
V, TP53 mutation, unmutated IGHV, and/or 
IGHV-4-34 use, because these situations are 
associated with refractoriness or short-lasting 
response to PNA alone. In first relapse and if the 
CR duration is > 2 years, we use again PNA ± R, 

because patients may have long-lasting response 
after re-treatment with PNA. However, in case of 
CR < 2 years, primary refractory disease, or 
beyond the second relapse, we use targeted thera-
pies like vemurafenib ± R, Moxe or ibrutinib. 
Because the results of clinical trials (even if not 
comparative) seem to show deeper and faster 
responses with vemurafenib ± R or Moxe than 
with ibrutinib, we preferentially use the first two 
options. Moreover, we propose these targeted 
therapies in the frontline setting for patients ineli-
gible for standard chemotherapy because of age, 
comorbidities, or active infection.
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Vemurafenib 50 96–100 35–42 – 73% at 
1 yeara

91% at 
1 yeara

27% at 
1 yeara

11.7 monthsa Tiacci 
et al.71
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Dabrafenib 10 80 30 0% 10% 90% 88% 64 months Tiacci 
et al.73
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71.7 months

– – 24.6 months Kreitman 
et al.78
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